
INNOVATION ADOPTION
A ND

THE PRODUCT LIFE CYCLE

Charlie Karlsson

Umeå Economic Studies No. 185 
UNIVERSITY OF UMEÅ 1988





INNOVATION ADOPTION
AND

THE PRODUCT LIFE CYCLE

Charlie Karlsson

AKADEMISK AVHANDLING 
som för avläggande av ekonomie doktorsexamen 

vid samhällsvetenskapliga fakulteten vid Umeå universitet 
framlägges till offentlig granskning 

torsdagen den 6 oktober 1988 kl 13.00 
i hörsal C, samhällsvetarhuset.





INNOVATION ADOPTION
AND

THE PRODUCT LIFE CYCLE

Charlie Karlsson

Umeå Economic Studies No. 185 
UNIVERSITY OF UMEÅ 1988

*The research that is reported here and which is the result of a co-operation between the 
Regional Science Research Unit at the University of Karlstad and CERUM has been 

supported financially chiefly by The Bank of Sweden Tercentenary Foundation (Grant
Dnr 84/266).



Author and title

Karlsson, Charlie (1988). Innovation Adoption and the Product Life Cycle. Umeå 
Economic Studies No. 185, 232 pages.

Abstract

The objective of the study is to present a number of hypotheses concerning (i) the adoption of innovations 
for product and process development within enterprises (establishments), (ii) the spatial diffusion of 
innovations, and (iii) the adoption of applications of information technology to automate the production 
processes within enterprises (establishments), and to test these hypotheses empirically by means of 
econometric methods, using a data base containing primary data from several regions in Sweden on the 
adoption of different applications of information technology at the establishment level. The study has two 
main parts; the theoretical foundation and the empirical results.

In the theoretical part of the study product and process development by means of new innovations is 
discussed within the general framework provided by the product life cycle theory. A short survey of some 
important theories of innovation diffusion is presented. A conceptual framework for the analysis of the 
adoption of innovations for product and process development at the establishment level is also presented. 
Based upon the "traditional" theory of production two main aspects of the choice of technique are studied, 
namely, (i) choice of technique within the traditional neo-classical framework, and (ii) choice of technique 
within a vintage model framework. The vintage model and the product life cycle theory are then used as a 
basis for analyses of product and process development. The study also contains an overview of those 
characteristics of enterprises that, in the literature, have been associated with an early adoption of 
innovations. The results from earlier empirical studies are also surveyed.

The empirical part of the study contains: (i) an analysis of the establishment characteristics associated 
with an early adoption of applications of information technology in administration, in production 
processes and in products in the engineering industry in two peripheral regions in Sweden, (ii) 
comparisons of the influence of different establishment characteristics on product development in two 
industries - the machinery industry and the electrical equipment and instruments industries - in one central 
and one peripheral region, (iii) a study of the spatial diffusion of applications of information technology 
in Sweden based upon a categorization of the different applications on two dimensions: standardization/ 
non-standardization and low/high complexity, and (iv) a study of how different applications of information 
technology might be used to achieve different levels of automation. The empirical results indicate that the 
skill profiles and network characteristics of the establishments are important for an early adoption of 
applications of information technology for product and process development Applications associated with 
non-standardized production and with high or medium complexity seems to be characterized by a 
hierarchical diffusion pattem.

Keywords

automation, engineering industry, information networks, information technology, 
innovation adoption, innovation diffusion, process development, product development, 
product life cycle theory, regional, skills, spatial, vintage models.

Distribution and author's address

Department of Economics, University of Umeå, S-901 87 Umeå, Sweden. Department of 
Economics, University of Karlstad, Box 9501, S-650 09 Karlstad, Sweden.

ISSN: 0348-1018 
ISBN: 91-7174-372-3

Place of publication: Umeå 
Year of publication: 1988



ACKNOWLEDGEMENTS

In the course of my work I have incurred a number of obligations. First and foremost I 
should like to thank my supervisor, Professor Börje Johansson, for his careful and 
perceptive reading of my work, for his bracing comments and for his patience with my 
vagaries.

I have also had the privilege of receiving encouragement and valuable comments and 
suggestions during different stages of my work from Professor Åke E. Andersson. I also 
wish to thank a number of other persons for their support. In particular, Professor 
Lennart Hjalmarsson and Dr Birgitta Juås have given me penetrating comments on this 
thesis. Dr Bengt Mattsson has read the whole thesis. I have also had the benefit of 
valuable comments and suggestions on parts of the thesis from Dr Ingemar Adolfsson, 
Professor Roland Artie, Dr David Batten, Dr Lennart Flood, Mr Bengt Gustavsson, 
Professor Anders Klevmarken, Mr Jan Larsson, Mr Thomas Martinsson, Dr Nils-Olov 
Stålhammar, Professor Sören Wibe, and Mr Lars Westin. I am also grateful to Dr 
Christer Anderstig for his valuable comments and suggestions and also for his direct 
cooperation in part of this thesis.

I have also received valuable assistance from my research assistant Mr Jan Larsson, who 
has been responsible for the survey that provides the empirical basis and who has 
conducted part of the statistical analyses presented here. Dr Michael Cooper has given me 
invaluable help in correcting my English and excellent stylistic advice. I am also deeply 
grateful to Ms Ingrid Lindqvist for her enthusiastic spirit, the care and speed with which 
she has typed out Chapters 1, 6 and 7, and her design and control of the layout of the 
thesis. The staff of the University library in Karlstad have provided me with an 
outstanding service for which I am very grateful.

I would also like to thank my colleagues in the department of Economics at the University 
of Karlstad - Mr Lars-Gustaf Bjurklo, Dr Birgitta Juås, Dr Bengt Mattsson, Mr Bengt 
Nordlund and Mr Sture Thompson - for taking full responsibility for all teaching in 
economics, while I was writing my thesis.

I also want to thank my wife, Eva, and my children, Ulrika, Martin, Johan, and Linda, 
for their loyalty and for enduring a husband and a father who apparently has shown 
greater interest in his Macintosh and his manuscripts than in his family.

Lastly, but not least, I want to thank my parents, Emmy and Sven, for realizing that a 
small-scale farm with stony fields and pasture could provide no future and for giving me 
the opportunity to go to high school in spite of the family's very limited economic 
resources.

Karlstad, June 1988

Charlie Karlsson





CONTENTS

Page
1. INTRODUCTION 1

1.1 A General Background 1
1.2 The Purpose of the Study 6
1.3 The Outline of the Study 7

2. PRODUCT LIFE CYCLES, INNOVATION DIFFUSION AND
INNOVATION ADOPTION: A LITERATURE SURVEY 9
2.1 Introduction 9
2.2 Product and Process Development in a Product Life Cycle

Framework 10
2.2.1 Product Development in a Product Life Cycle Framework 11
2.2.1 Process Development in a Product Life Cycle Framework 13
2.2.3 Summary 15

2.3 The Diffusion of Innovations 15
2.3.1 Learning Models of Innovation Diffusion 17
2.3.2 Models of Innovation Diffusion Relying on Differences

between Enterprises 22
2.3.3 Integration of the Supply Side in Models of Innovation

Diffusion 24
2.3.4 Innovation Diffusion: A Summary 25

2.4 The Spatial Diffusion of Innovations 26
2.5 A Conceptual Framework 32

2.5.1 The Adoption Process 33
2.5.2 A Conceptual Framework for Analyzing Product and

Process Development 34
2.5.3 The Role of Suppliers of Machines, Components and

Software in the Adoption of New Techniques 35
2.5.4 Information Networks and the Adoption of New Techniques 37
2.5.5 Human Skills and the Adoption of New Techniques 39

2.6 Principal Conclusions 40

3. THE CHOICE OF TECHNIQUE: SOME STANDARD APPROACHES 43
3.1 Introduction 43

3.1.1 Basic Concepts 43
3.1.2 A Production Function Approach 44
3.1.3 The Plan of the Chapter 46

3.2 Choice of Technique: The Neo-classical Model 46
3.2.1 The Neo-classical Approach to the Choice of Technique 46
3.2.2 Limitations of the Neo-classical Approach 51

3.3 Choice of Technique: The Vintage Model 51
3.3.1 Adoption of New Techniques at the Micro Level 52
3.3.2 The Case with Ex Ante Substitutability and Ex Post Non

substitutability 54
3.3.3 Embodied versus Disembodied Technological Changes 56
3.3.4 The Vintage Model 57
3.3.5 Salter's Basic Model 59
3.3.6 The Choice of Technique in a Vintage Framework 60
3.3.7 On Economic Efficiency 63

3.4 Summing-up and the Way Ahead 67



4. THE CHOICE OF TECHNIQUE: A PRODUCT LIFE CYCLE
APPROACH 69
4.1 Introduction 69
4.2 The Product Life Cycle: Product vs Process Development 71

4.2.1 The Adoption of New Techniques in Process Development 72
4.2.2 The Adoption of New Techniques in Product Development 73

4.3 Skill Profiles in the Different Phases of the Product Life
Cycle 74
4.3.1 Skills, Learning and New Techniques: The Basic Model 75
4.3.2 The Scrapping Age for a Given Vintage 77
4.3.3 Skill Intensity and Scrapping Age 79
4.3.4 Product Vintages and Product Development 82

4.4 Networks in the Different Phases of the Product Life Cycle 85
4.4.1 Skill-intensity, Networks and Information Lags 86
4.4.2 Network Properties and Production Information 87

4.5 Spatial Conditions for the Different Phases of the Product
Life Cycle 88

4.6 Principal Conclusions 91

5. THE EARLY ADOPTION OF INNOVATIONS: WHO COMES FIRST? 94
5.1 Introduction 94
5.2 Adopter Characteristics: Ad Hoc Considerations in the

Literature 94
5.2.1 The Size of Enterprises 96
5.2.2 The Economic and Financial Characteristics of Enterprises 97
5.2.3 The Human Capital Characteristics of Enterprises 100
5.2.4 The Internal and External Communication Networks

of Enterprises 102
5.2.5 Concluding Comments on Adopter Characteristics 104

5.3 Adopter Characteristics: Empirical Evidence 105
5.4 Statistical Method for Characterizing (Early) Adopters of

New Techniques 107
5.4.1 A Discussion of the Use of Regression Analysis for Simultane

ously Assessing the Characteristics of (Early) Adopters of
New Techniques 107

5.4.2 Statistical Methods Used in This Study for Characterizing
(Early) Adopters 109

5.5 Adopter Characteristics to be Empirically Investigated in
This Study 111
5.5.1 The Data 112
5.5.2 Skill and Knowledge Variables 112
5.5.3 Network Variables 114
5.5.4 Other Characteristics 117

6. SPEED OF ADOPTION AND CHARACTERISTICS OF EARLY
ADOPTERS 118
6.1 Introduction 118
6.2 The Diffusion Process 118
6.3 Human Skills and the Adoption of IT-Applications 120
6.4 Specialized Information Channels and the Adoption of

IT-Applications 125
6.5 Non-specialized Information Channels and the Adoption

of IT-Applications 127
6.6 Human Skills, Information Channels and the Adoption

of IT-Applications 133



6.7 Establishment Characteristics and the Adoption of IT-
Applications 139

7. THE EARLY ADOPTION OF IT-COMPONENTS IN PRODUCTS
IN DIFFERENT INDUSTRIES AND REGIONS 145
7.1 Introduction 145
7.2 Market Contacts and Product Development 147
7.3 Information about Technical Opportunities and Product

Development 151
7.4 Knowledge and Product Development 163
7.5 Establishment Characteristics and Product Development 171

7.5.1 Establishment Characteristics and Product Development in the 
Machinery Industry 171

7.6.2 Establishment Characteristics and Product Development in the 
Electrical Equipment and Instruments Industries 174

8. SPATIAL ASPECTS OF DIFFUSION OF APPLICATIONS OF
INFORMATION TECHNOLOGY 180
8.1 Introduction 180
8.2 A Model Framework for Analyzing Spatial Diffusion 180
8.3 Data and Some Description 184
8.4 Empirical Results 189

9. SKILLS AND THE AUTOMATION OF PRODUCTION SYSTEMS 197
9.1 Introduction 197
9.2 Automation of Production Systems 197

9.2.1 The Concept of Automation 197
9.2.2 The Enterprise as a Production System 199
9.2.3 A General Characterization of the Automation Process 199

9.3 The Role of Information Technology in the Automation
Process 200
9.3.1 A General Characterization of Information Technology 200
9.3.2 Information Technology - An Intellectual Technology 202
9.3.3 The Use of Information Technology to Automate the Manufac

turing System in Enterprises in the Engineering Industry 203
9.4 Formulation of Hypotheses 204
9.5 Empirical Results 205

9.5.1 The Data 205
9.5.2 Automation, Skills and Education 206
9.5.3 Further Analysis 211

10. CONCLUSIONS 213
10.1 The State of the Art 213
10.2 Directions for Future Research 220

REFERENCES 221





1

1. INTRODUCTION 

1.1. A General Background

Technological change is a typical feature of the life of man which over and over again has 
brought about fundamental changes in human life. Major break-throughs in technology 
have marked the eras of economic (but also, to a significant degree, political) history by 
giving rise to new waves of economic development. Since the middle of the 1970's both 
theoretically and empirically oriented long-run economic analyses have devoted increased 
attention to the cyclical nature of economic activities and wave-like time patterns of 
technological change. In connection with studies of this type of phenomena, many 
researchers have revealed a revived interest in the Schumpeterian hypotheses (Mensch, 
1979; Nelson and Winter, 1982; Kamien and Schwartz, 1982; Freeman, Clark and Soete, 
1982; van Duijn, 1983).

It has been suggested by some economists that technological and economic changes do 
not come by themselves but in clusters of related activities, i.e as 'new technology 
systems' (Freeman, Clark, and Soete, 1982). Hence, change tends to be concentrated to a 
few economic sectors or industries, which thus become the leading sectors or industries 
for a certain period of economic development but they also have wider effects on other 
sectors or industries. The wave-like nature of economic development has been generalized 
by means of the life cycle concept (Kuznets, 1929; see also Tarde, 1890). The concepts 
of life cycles and of "new technology systems" have also been linked to Kondratieff s 
long waves (Kondratieff, 1926). It has been maintained that in the upswing of these 
waves or cycles the "new technology systems" generate a high rate of economic growth, 
which in its turn has a stimulating effect on the rate of technological change. Thus, it is 
assumed that there exists a reciprocal relationship between technological change and long
term economic fluctuations (Schumpeter, 1939). In the down-swing, economic growth 
peters out as most of the activities generated by "the new technology systems" have 
reached the later stages of their life cycles. It has been suggested that at the bottom of each 
long wave one should observe (i) a cluster of declining industries, (ii) a regional 
redistribution of such production in the international economic system, and (iii) 
unemployment effects in regions in which declining production has dominated the 
economic life.

A central aspect of the above process is, of course, the emergence of "new technology 
systems" based upon basic or major technological innovations. However, to constitute a 
"new technology system" the innovations must be related scientifically, technically and 
economically and have the potential of many minor or follow-up innovations during the 
period of diffusion of the basic innovations. The importance or dominance of "new 
technology systems" changes over time as a result of scientific and technological advances 
as well as changes in the selection environment, which contribute to determine the timing 
and the nature of "new technology systems". The selection environment can be defined as 
all non-technological factors such as markets, institutional factors, and government 
regulation, that in some sense affect the research and development carried out and the kind 
of innovations put into practice (Molle, 1983). However, despite powerful influences 
from the selection environment, technology has rules and a momentum of its own which 
determine the direction of the technological development (Dosi, 1984).
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A "new technology system", such as information technology or bio-technology, is made 
manifest through the creation of one or more new industries, based upon new products, 
with new specific resource requirements and, thus, new specific location preferences. 
Innovative activities within a new industry show varying degrees of private 
appropriability and, together with the relative capability of each enterprise to innovate 
and/or quickly imitate, determine the pattern of lags and leads between the enterprises 
within the industry and at the same time the development and performance of the industry. 
In a truly dynamic context, technological imitation within an industry is coupled with 
further technological innovation both by the imitating enterprises and by those enterprises 
whose innovations are subject to imitation. Technological imitation stands for the inter
enterprise diffusion of innovations, i.e. what might be called production or supply side 
diffusion (Gort and Konakayama, 1982; Gort and Klepper, 1982). The speed of inter
enterprise diffusion and the path of investments in production capacity by the enterprises 
in the industry determine the development of the supply of the innovation over time and 
thus the pressure from the supply side to get the innovation diffused among potential 
users.

Basic technological innovations undergo a transformation in the process of diffusion. 
Naturally, suppliers invest resources to provide successively better and better versions of 
the products embodying the original innovation. These ongoing innovative activities 
within a new industry are likely to yield a series of incremental changes and 
improvements in the products embodying the basic innovation that defines the industry. 
However, a similar process proceeds on the demand side because as each enterprise fits a 
new process or a new input into its production structure, it tends to make qualitative and 
quantitative changes in equipment, refine a product or add new features, and thus create 
additional information for later adopters. This might be interpreted as resulting in a change 
in the potential number of adopters as well as in the profitability of the adoption itself. 
However, at a more fundamental level of analysis, it might be preferable to emphasize that 
what is adopted is rather a certain new technological or scientific principle embodied in a 
basic technological innovation and that every basic technological innovation contains a 
certain potential for improvements which are exploited over time but which do not change 
the technological or scientific principle fundamental to the basic innovation. For our 
purposes we now define an innovation as a product - either an input (a component) or 
some type of capital equipment with their pertinent software - embodying a basic 
technological innovation.

Innovations are used for product and process development in different user industries. 
Product and process development may involve the introduction of totally new products 
and processes, respectively, as well as, the renewal of old products and processes. In 
terms of traditional production theory, product and process development give rise to new 
production functions. Given the new production function and a set of input prices, the 
enteiprise chooses the mix of inputs, i.e. the technique, that minimizes costs at any given 
output level.

However, product and process development (by means of the adoption of innovations) 
might also be seen as part of a total strategy for an enterprise within a given industry. 
Every enterprise within an industry occupies a specific place in the competitive spectrum. 
Its strengths and weaknesses with respect to particular products, to particular markets or
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vis-a-vis particular competitors will influence its choice of major competitive strategy. 
Actually, product and process development, together with sales or market promotion, 
might be viewed as the major instruments for enterprises in the competitive struggle 
(Utterback and Abernathy, 1975; Utterback, 1979; Batten and Johansson, 1985). In this 
competition enterprises have three major strategic options: (i) innovative competition, (ii) 
price or cost competition and (iii) marketing competition. To each major competitive 
strategy corresponds one major competitive instrument. Thus, we have the following 
relationships:
* innovative competition product development
* price or cost competition process development
* marketing competition sales or market promotion.

Of course, independently of the major strategy chosen an enterprise uses a mixture of the 
different competitive instruments. However, we suggest that each competitive strategy 
tends to be dominated by a specific competitive instrument. We also suggest that for many 
products the dominating type of competition over time will tend to follow a fixed 
sequence, starting with a period of innovative competition, followed by a period of price 
competition and ending with a period of marketing compétition, see Figure 1.1 
(Abernathy and Townsend, 1975). This means that product and process development (as 
well as sales or market promotion) must be looked upon as inherently dynamic processes.

Type of 
development

Sales or market 
promotion

Process
development

Product
development

Product
age

Figure 1.1 The Variation in the Intensity of Development Activities over the Life of a
Product.

In innovative competition, enterprises tend to use product development and associated 
process improvements as their major weapon in the competitive process. As will be
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illustrated in subsequent chapters, the prefix "innovative” emphasizes the fact that the 
individual enterprise may be rewarded if it succeeds to be "first", i.e., for being the 
initiator or at least an early user of a new technical solution to improve an old product, to 
create a new product or to improve the process of production. However, the risks 
associated with innovative competition tend to be great, so many enterprises will see their 
business end up with significant losses and even in bankruptcy. The location preferences 
of this type of creative activity tend to include accessibility to R&D-activities, a rich 
supply of producers' services, and a labour market with a responsive supply of 
knowledge-oriented employment categories (Buckley and Casson, 1976).

Price or cost competition signifies a competitive situation where production tends to be 
characterized by few and marginal product changes and where the major competitive 
weapon consists of preventing one's own price being higher than that of one's rivals. As 
long as cost reductions can be obtained through process improvements, this market game 
may still retain elements of innovative competition. When those possibilities shrink, the 
remaining strategic alternative will normally be to keep wage costs down, which may be 
achieved by a relocation of production.

Marketing competition occurs when a product market is maturing and few alternatives to 
reduce costs are available. An increasing share of development resources now tend to be 
allocated to investments in market channels and marketing efforts.

The evolution of the enterprises in an industry where the enterprises are potential adopters 
of a given innovation - their appearance, their growth, their stagnation, their decline, and 
their disappearance - will depend upon their capability to handle the strategic options 
available and, in particular, their capability in using the innovation for product and 
process development. This capability is a function of the characteristics of the individual 
enterprise but also of the characteristics of the region where it is located.

The above type of phenomenon - the adoption of innovations in product and/or process 
development - has strong links with different versions of the product life cycle theory 
which imply that products pass through a cycle in which innovative competition 
dominates the earlier stages, while price competition becomes increasingly more important 
as the product matures and is eventually driven into obsolescence. Since the mid 1960's 
much interest has been devoted to analyses of the life cycles of individual products or 
industries within a medium term perspective (Vernon, 1966; Hirsch, 1967). The interest 
in product life cycles in a regional and interregional context is shared by a large number of 
scholars (Thomas, 1975; Rees, 1979, 1980; Norton and Rees, 1979; Malecki, 1981; 
Norton, 1981).

Over time, more and more potential users within an industry will adopt an innovation if it 
is profitable and, thus, we also have a diffusion in demand or demand side diffusion. 
Over the years a more or less generalized picture of the diffusion process has emerged 
showing a series of fairly distinct stages in the life cycle of innovations corresponding to 
the product life cycle. Typically, the number of users of an innovation grows slowly at 
the start, then accelerates, may stabilize for some time and then the rate slows down as 
full equilibrium demand is reached (Mansfield, 1961; Ryan, 1948; Jerome, 1934). Thus, 
potential adopters exhibits hesitancy at first. This slow rate of acceptance characterizes the
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introduction stage. Early reluctance gives way to a quickening adoption rate through the 
growth part of the cycle. As maturity is reached, the rate of adoption slows down and the 
cumulative proportion of users reaches its peak. Finally, in decline (substitution) 
sufficient numbers of users switch to alternatives so that the curve falls away below the 
peak reached in the previous stage.

As the innovations focused in this study are used for product or process development, we 
cannot look upon the adoption decision as a simple purchasing decision. Adoption almost 
always involves minor or major changes in the adopters’ products and/or production 
processes. This means that we should look upon the adoption decision as an investment 
decision. Every investment decision process is surrounded by uncertainty and this is 
especially true of investments involving the adoption of innovations. Some enterprises, 
however, are better informed than others about the potentials of innovations as they have 
more developed information networks, they have greater prospects of making a profitable 
adoption than others as they have better educated personnel, and they have managements 
better equipped to handle such situations than others, etc; these will typically be the ones 
which first perceive an innovation's relevance to their operations and which are prepared 
to take the risks of being 'first in the field'.

Other enterprises with poorer information networks, poorer educated personnel, less 
capable managements, etc, will, however, prefer to adopt a 'wait and see' policy relying 
upon the experience of their forerunners to judge the relevance of an innovation to their 
own activities. As the number of adopters grows, the pressure on non-adopters, both 
competitive and by force of example, also grows and so increases the rate of adoption, 
until it reaches a maximum, after which it slows down. Actually, the S-shaped diffusion 
patterns normally found are a partial reflection of the fact that decisions to adopt new 
innovations are made in situations of considerable uncertainty.

Demand side diffusion has two strands of stimuli: (i) sellers tracing new customers, and 
(ii) buyers searching for new technical solutions (innovations). The relationship between 
supply side and demand side diffusion is illustrated in Figure 1.2.



6

•PRODUCERS:
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SUPPLY SIDE

DIFFUSION

SIDE
USIONDEMAND >EDE 

DIFFUSION

IMITATION OF 
THE NEW PRODUCT

INNOVATION = 
CREATION OF A 
NEW PRODUCT 
(A NEW TECHNI
CAL SOLUTION)

USE OF THE NEW 
PRODUCT (TECHNI
CAL SOLUTION) IN 
PRODUCT AND 
PROCESS DEVELOP
MENT

Figure 12  Supply Side and Demand Side Diffusion of Innovations.

Product life cycle analyses have remained partial in nature. Therefore, models that aim at 
understanding spatial industrial dynamics, including the spatial diffusion of innovations, 
must incorporate elements of system-wide approaches such as the static equilibrium 
framework of Heckscher-Ohlin-Samuelsson (HOS), i.e. the HOS-model of comparative 
advantages (Ohlin, 1933; Samuelsson, 1952). This approach is related to the product life 
cycle analysis via the well-known investigation by Leontief (1953), which implied that a 
static analysis was insufficient and thus inspired a lot of research on technological gaps 
between nations (Posner, 1961) and product life cycles (Vernon, 1966; Hirsch, 1967). 
The HOS-model focuses attention on the regional abundance of fixed resources. In a 
dynamic setting these may include semi-fixed resources generated by investment in 
production capacity, labour force education and production knowledge.

1.2 The Purpose of the Study

Within the general framework presented in the preceding section the current study 
focuses, in particular, on the adoption of innovations for product and process 
development within enterprises. We use the term enterprise here to characterize a 
decision-making unit. However, the empirical data used in this study have been collected 
at the level of the individual production unit, which may be an independent enterprise or a 
part of a larger enterprise with several production units. We use the term establishment to 
characterize those production units.
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The purpose of the current study is:

to present a number of empirically testable theoretical hypotheses concerning (i) the 
adoption of innovations for product and process development within enterprises 
(establishments), (ii) the spatial diffusion of innovations and (iii) the adoption of 
applications of information technology to automate the production processes within 
enterprises (establishments),

to test these hypotheses empirically by means of econometric methods using a data base 
containing primary data from several regions in Sweden on the adoption of different 
applications of information technology at the level of the establishment.

1.3 The Outline of thfcSM y

The oudine of the current study is as follows:

In Chapter 2 we discuss product and process development by means of innovations 
within the general framework provided by the product life cycle theory. This discussion is 
followed up by a short survey of some important theories of innovation diffusion, first in 
a non-spatial and then in a spatial context. Lastly, the chapter presents our own conceptual 
framework for the analysis of the adoption of innovations for product and process 
development at the level of the establishment.

In Chapter 3 we turn to the "traditional" theory of production. Here two main aspects of 
the choice of technique are studied, namely, (i) choice of technique on the basis of given 
technological knowledge within the traditional neo-classical framework, and (ii) choice of 
technique when technological knowledge is increased as a result of embodied 
technological changes, i.e. the vintage model framework.

In Chapter 4 we analyze product and process development within enterprises from a 
product life cycle perspective. In particular, we show how enterprise characteristics such 
as skill profiles and network properties can be integrated in the theoretical analyses. We 
also show how changes in the production technique used might generate shifts in regional 
advantages over the life of a product.

In Chapter 5 we give an overview of the characteristics of enterprises which in the 
literature have been associated with an early adoption of innovations. The results of earlier 
empirical studies are also surveyed. We briefly discuss the econometric methods used in 
those studies and the problems they raise. The econometric methods used in the current 
study is presented and we also give an overview of the establishment characteristics 
examined in the current study.

In Chapter 6, which is the first of four empirically oriented chapters, we analyze what 
establishment characteristics are associated with an early adoption of applications of 
information technology (IT) in administration, in production processes and in products. 
In particular, the role of human skills and different types of information channels are 
analyzed.
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In Chapter 7 we continue the empirical investigation by focusing on product development. 
We make comparisons of the influence of different establishment characteristics on 
product development in two industries - the machinery industry (SNI 382) and the 
electrical equipment and instruments industries (SNI 383 and SNI 385) - in two different 
regions - one central region (the Stockholm region) and one peripheral region (the 
Värmland-Älvsborg-Bergslagen region). In particular, we analyze the role of market 
contacts, information about technical opportunities and the knowledge stock within the 
establishments in the early adoption of IT-components in products.

In Chapter 8 we study empirically the spatial diffusion of applications of information 
technology in Sweden. Having categorized the different applications according to two 
dimensions - standardization/non-standardization and low/high complexity - we 
investigate, by means of logit analysis, the occurrence of hierarchical spatial diffusion 
patterns. The empirical analysis in this chapter is based on survey data from 263 
establishments in three industries within the engineering industry, located in three 
counties in Sweden. The analysis refers to 11 IT-applications in the production process, 9 
IT-applications in administration and management, and, finally, the use of IT-components 
in products.

In Chapter 9 we define various levels of automation within establishments and show how 
different applications of information technology might be used to achieve different levels 
of automation. After having defined different indices of automation, we investigate the 
role of establishment characteristics and, in particular, human skills in the early adoption 
of automation techniques.

In Chapter 10, which is the concluding chapter of this study, we give an overview of the 
work presented in earlier chapters including the main results of this study. We also give 
some indications of areas which ought to be dealt with in future research.
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2. PRODUCT LIFE CYCLES, INNOVATION DIFEUSION AND INNOVATION 
ADOPTION: A LITERATURE SURVEY

2.1. Introduction

In the current study we focus, in particular, on the adoption at the enterprise level of 
innovations which are new for the enterprise. An innovation is defined as a product - 
either an input (a component) or some type of capital equipment - embodying a 
technological innovation. Enterprises adopt innovations for the purpose of product or 
process development. From the perspective of the adopting enterprise, the act of adoption 
might be seen as an act of innovation, i.e. from inside an enterprise a decision to adopt an 
innovation (for product or process development) supplied on the market may not look 
qualitatively different from a decision to innovate. Thus, for example, the product that is 
developed containing a component which embodies a new technical solution might be 
characterized as an innovation when it is first sold on the market. To avoid any confusion 
we will talk about product and process development, respectively, when we want to 
describe the actions of an enterprise when adopting an innovation.

When we discussed product and process development in Chapter 1, we noted that they 
are inherently dynamic processes. Such processes can only be properly understood within 
some kind of dynamic framework. The medium-term product life cycle theory offers us 
such a dynamic framework within which we can discuss the adoption of innovations in 
product and process development. Such a discussion is conducted in Section 2.2.

However, the use of an innovation, if it is profitable, is normally not confined to a single 
enterprise. Instead, it diffuses as more and more enterprises adopt the same innovation. 
The diffusion of an innovation is a time-consuming process and naturally the economic 
impact of any innovation depends on the speed with which it diffuses among potential 
users. The speed of this diffusion process, i.e. of the process by which the use of 
innovations in products or processes spreads, is determined by the supply and demand 
characteristics of the relevant markets as discussed in Section 2.3. In this section our main 
concern is with the time dimension of the diffusion process, i.e. with the speed at which 
innovations spread among potential user enterprises (diffusion in demand). However, the 
diffusion of innovations also have a spatial dimension. The spatial patterns of the 
diffusion of innovations, i.e. the ways in which innovations spread geographically, is 
discussed in Section 2.4. However, after having established that the innovation diffusion 
process is governed by certain demand and supply factors as well as by the characteristics 
of the regions where the enterprises are located, we still face the problem of how to find 
out which enterprises can be expected to be (early) adopters of innovations for product 
and/or process development. This problem is discussed in Section 2.5, where we try to 
bring together some of the ideas that have been discussed in earlier sections of this chapter 
to construct a conceptual framework of our own to be used as a basis for the discussion in 
later chapters. The principal conclusions of this chapter are summarized in Section 2.6.
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2.2 Product and Process Development in a Product Life Cvcle Framework

This section considers product and process development within the framework provided 
by our conceptualization of the product life cycle theory. There are, of course, different 
versions of this theory to be found in the literature but they all imply that products pass 
through phases in which innovative competition dominates the earlier stages, whilst price 
competition and later marketing competition becomes increasingly more important as the 
product matures and is eventually driven into obsolescence. Actually, the basic premises 
upon which all versions are founded are (i) that tastes differ according to income, (ii) that 
communication costs within the enterprise, and between the enterprise and the market, are 
significant and increase with distance, (iii) that as the product cycle of any new product 
unfolds, its production process passes through successive stages of standardization, and 
associated with these will be dynamic shifts in comparative advantage of predictable 
direction, and that the market in technical know-how is very imperfect (Vemon, 1966; 
Hirsch, 1967; Buckley and Casson, 1976).

According to our conceptualization, the product life cycle theory begins with the 
assumption that the stimulus to develop new products is typically provided by some threat 
or promise in the market (Vemon, 1979). It has a technological focus with an associated 
concentration on labour force competence and learning processes. Hirsch (1967) 
emphasizes that, during the life of a product, the demand for different types of 
knowledge, skills and other inputs changes, as the production process becomes more and 
more standardized (Vemon, 1966; Freeman, 1978). The average level of required skills 
continuously decreases during this process. These tendencies have implications for the 
location of production during the various phases (Erickson, 1981). Actually, the product 
life cycle theory is of particular value, partly because it treats trade and investment as part 
of the same process exploiting output and input markets in other regions and countries, 
and partly because it explains this relationship in a dynamic context (Dunning, 1979).

In conventional descriptions of the product life cycle theory the following pattem is 
assumed (Cole, 1981; Batten, 1987):

o During the early stages of a new type of product, when several variants may enter a 
given market, R&D-investments are significant and channelled largely into product 
development. During this scientific or creative phase a high level of specialist skills is 
required. In this phase enterprises are attracted to existing agglomerations, among 
other things, because of the need for skilled labour.

o Process development by means of new machines (which can be operated by less 
skilled labour with standardized competence) takes place during the second 
technological or applicative phase when the product itself has become better defined. 
As the rate of product change declines, more effort is invested into process 
development, whereby production techniques are refined, processes are automated and 
the production scale is increased. Even if the skill-intensity of the labour force may be 
lowered through process development, process development still requires inputs of 
skilled labour. In this expansionary phase, the most appropriate location is near large 
agglomerations: skilled labour is still needed, but the need for sufficient space and 
accessibility to the goods transportation networks is now becoming urgent.
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o Finally, in the phase of maturity and market saturation both the product and the mode 
of production are well defined and increasing emphasis is now given to the 
development of marketing channels and promotional efforts. During this phase 
products may be varied slightly and thus differentiated in the eyes of the customers. 
Differentiation is a minor form of product development, since it relates to small 
alterations which include brand switching, image advertising, and minor changes in the 
(physical) characteristics of products. In this phase the input coefficient for skilled 
labour tends to be even lower. As there now tends to be no extensive need of skilled 
labour the most appropriate location tends to be in the periphery. Low prices of labour 
and land are important considerations here (Johansson and Karlsson, 1986,1987).

In Figure 2.1 we illustrate our conceptualization of the product life cycle and its different 
phases.

Sales
Conceptu- * i{ 
alization Growth MaturityCreativity

Time

Figure 2.1 The Product Life Cycle and Its Different Phases.

In the rest of this section we will discuss product and process development, respectively, 
within a product life cycle framework.

2.2.1 Product Development in a Product Life Cycle Framework

Every introduction of a new type of product on the market tend to be characterized by a 
high degree of uncertainty (Abernathy and Utterback, 1978). All new products are likely 
to be introduced in several variants, each with its own specific design, i.e they are 
unstandardized. New products are unstandardized because of the need for continual 
adaptation and improvement of their designs to suit customers' needs, and through
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improvement of product characteristics through experimentation with alternative inputs 
(Buckley and Casson, 1976). The initiator and early imitators can never be sure which 
design will dominate over time and when a dominant design will be established in the 
market, since market needs are ill-defined and can be stated only with broad uncertainty.

Our interest is focused on the development of 'new' products by means of an innovation. 
Product development is here interpreted as a fundamental activity involving either the 
introduction of totally new products or major changes to existing products. In the later 
case, a significant alteration in the character of the product concerned is one in which 
performance is radically improved or customer appreciation radically altered.

The impetus to develop a new product may come either from some threat or promise on 
the demand side or from the introduction of a new technical solution, i.e. an innovation, 
on the supply side. The demand for new products tends to be high (in comparison with 
production capacity), price inelastic and income elastic. The initiator develops a new 
product and introduces it on the market because he expects that it will be possible for him 
to gain a competitive advantage based either upon knowledge protected by patents or upon 
some specific knowledge not held by rivals and not easily copied by rivals (Majumdar, 
1979). This competitive advantage, reflecting newness, technological edge and absence of 
close substitutes, can be translated into market power (Hirsch and Bijaoui, 1985) and will 
tend to generate a temporary monopoly profit. However, this profit is uncertain since the 
initiator does not know when and to what extent rivals will try to copy his product or, 
rather, introduce improved or more sophisticated versions of the product. But, under 
normal circumstances, the competitive advantage will be gradually eroded and eventually 
the product will become a standard article with little novelty. To retain or improve the 
enterprise's competitive edge the enterprise must generate new information of interest and 
value through research and development (R&D) investments and activities (Thomas, 
1981).

The development of a new product requires an unknown amount of economic resources 
for R&D. However, the need for R&D resources does not end with the introduction of 
the new product onto the market. The adoption of a new technique tends to present 
uncertainties with respect to quality, reliability, technical characteristics, the rate of 
improvement of those characteristics, price, etc. There tends also to be uncertainty about 
when relevant substitutes will be supplied, their price, their technical characteristics, the 
rate of improvement of those characteristics, etc. As time goes by, continued R&D efforts 
both by the suppliers of the new technical solutions and by the initiator (and by his 
followers) will gradually tend to produce solutions to the various problems connected 
with the new product. The result will tend to be a series of related technical improvements 
and changes in product characteristics. The market for specific designs is limited. To 
widen the market, R&D resources must often be spent on developing more general or 
standardized and less expensive designs. Taken together, the R&D resources spent means 
that the characteristics of a product often can change considerably during its introductory 
stage.

Any economic advantage is likely to be temporary, because if a new product is 
successful, other enterprises will enter the race and try to capture a share of the monopoly 
profits for themselves. To imitate the product, (i.e. to utilize the new technical solution),
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they also must devote resources to R&D. However, imitation does not mean simply 
copying the original product. Instead, imitation implies efforts to create either improved 
varieties of the original product or product varieties with attributes which differ from 
those of the original product but which better meet the needs of different groups of 
potential customers. Hence, with a process of imitation, products are subject to economic 
and technical obsolescence. Their commercial life becomes limited. In these 
circumstances, enterprises are only likely to retain a lead by continual change. A process 
of more or less continuous product development may therefore be generated.

Highly educated manpower has a key role for product development during the early 
stages (Magee, 1977; Hansen, 1980; Maier, 1982). Scientists and engineers are involved 
in die R&D process that create the new product and they continue to be involved in the 
successive rounds of technical improvements in the initiating enterprise as well as in the 
imitation processes initiated by rivals. However, they are not only engaged in R&D but 
also in the early stages of the production process, when the production runs are short. At 
the outset of a new product incorporating a new technical solution, engineers, technicians 
and skilled workers may be needed simply to produce the product to minimal quality 
standards; because experience is so limited, there is no known and easily taught set of 
procedures for coping with events that cannot be fully foreseen (Nelson, Peck and 
Kalachek, 1967). For the same reason, and because of rapid changes in product 
characteristics, production cannot be automated.

Well developed communication networks are often important for successful product 
development. The initiating enterprise as well as the imitators all depend heavily on 
external economies and sub-contracting. During the early stages, ease of communication 
with customers and specialized suppliers of goods as well as producers of services is 
likely to be more important than possible cost savings arising from using cheap inputs.

Product development is rather more than the incorporation of an innovation in a product. 
Marketing and the general presentation to customers are part of the activity. Actually, 
when a product is young, the ability to meet the customers" as yet not well-defined needs 
is more important than having the lowest price (Wells, 1969). This means that an 
enterprise's marketing competence must be sufficient to make the adoption of a certain 
innovation to be incorporated within a product profitable. However, as we remarked 
above, young products have specific designs. Specific designs are only demanded by a 
limited number of specific customers who have the skills and other characteristics 
required to use them. The exact number is not known. A limited number of potential users 
in the short run means that the initiator as well as early imitators must engage in an active 
search to identify potential users. The exact amount of resources that must be spent in 
such a search process is unknown.

2.2.2 Process Development in a Product Life Cyde Framework

We noted above that the introduction of a new product incorporating a new technical 
solution engenders uncertainties with respect to quality, reliability, etc, but soon the 
various problems connected with the new product begin to be solved by way of technical 
improvements (Tsurumi, 1976). The series of technical improvements associated with the
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introduction of a new product, however, is bound to be exhausted over time, eventually 
reaching an upper limit of technical possibilities whereupon the product becomes 
standardized and fixed. Thus, the uncertainty associated with the technology and the 
market for a new product is largely dispelled. The product now has left the early stages of 
its life. As the product becomes standardized, it becomes more difficult for the enterprises 
to compete on the basis of product characteristics. The customers now become more 
sensitive to the price they will have to pay for the product. Innovative competition is 
replaced by price competition (Buckley and Casson, 1976).

Once the product has left the early stages of its life, it becomes familiar to the market and 
the size of the total market has expanded considerably. When the market expands, the 
enterprises have to consider the possibility of increasing the scale of their production 
facilities in order to meet the increased demand for the product. An increased scale of 
production makes it possible to take advantage of existing economies of scale.

Increased price competition forces the enterprises to consider the possibilities for reducing 
the unit cost of their product. Cost reductions are achieved either directly by process 
development or by increased scale of production which also normally involves process 
development. Process development may in some cases be achieved by a reorganization of 
production flows within the existing production facilities, but, in most cases, process 
development can only be achieved by introducing new machines and equipment 
embodying new techniques.

The development of new production processes with their pertinent machines and 
equipment requires process-oriented R&D. However, much of this R&D is conducted 
within enterprises that are specialized in supplying machines and equipment (Mueller and 
Culbertson, 1986). A new process technique tends to present uncertainties with respect to 
quality, reliability, etc, but soon the various problems connected with the new process 
technique begin to be solved by a series of related technical improvements. Of course, 
initiators and their early followers have to engage in process-oriented R&D themselves in 
order to adapt the new machines to the existing production facilities and to the existing 
products. However, the series of technical improvements applied to new process 
techniques are hardly limitless. The new process technique eventually becomes fixed and 
standardized.

Process-oriented R&D, as well as the application of new machines in existing or new 
production facilities, requires highly educated technical manpower; in particular, as long 
as the new machines have not become standardized. Increased scale of operation and 
widened markets mean that managerial skills also become vital. However, a given new 
process technique can often be operated by less-skilled workers as the standardization 
process proceeds. This means that skill requirements decline steadily as a given process 
technique grows older. As with product development, early engagement in process 
development requires well developed communication channels with markets as well as 
with suppliers of new process techniques and various producers" services.

As with product development, enterprises have to face considerable uncertainty during 
process development. This uncertainty concerns the actions of competitors. When and to 
what extent will they use a certain new process technique brought to the market by
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machine suppliers to reduce their production costs? It also concerns the characteristics of 
the new process technique as such. How and at what rate will those characteristics 
change? Which will become the dominant design? How much must be spent to adapt the 
new process technique to the special circumstances of the enterprise?

2.2.3 Summary

In the two preceding subsections we have discussed product and process development in 
a product life cycle framework. The result of this discussion may be summarized as 
follows: early involvement by enterprises in product or process development by means of 
new techniques requires: (i) a commitment to R&D, (ii) a skilled labour force, and (iii) 
well developed communication networks.

With this result in mind we will turn in the next section to a discussion of how, the 
characteristics of the enterprises, among other things, determine the speed of diffusion of 
new techniques.

2.3 The Diffusion of Innovations

As more and more of the potential users within an industry adopt an innovation as part of 
product or process development we have a diffusion in the demand for this innovation. In 
an all-encompassing fashion diffusion has been defined as a process involving (i) 
acceptance, (ii) over time, (iii) of some specific item - an idea or practice, (iv) by 
individuals, groups or other adopting units, linked (v) to specific channels of 
communication, (vi) to a social structure, and (vii) to a given system of value or culture 
(Katz, Levin and Hamilton, 1963).

Although this definition is general enough to cover the diffusion of innovations in an 
industrial setting, we must also recognize that the latter have some unique features. 
Actually, the most important characteristic of diffusion in an industrial setting is that it 
requires not only the transmission and passive reception of items (innovations), but an 
active commitment on the part of the receptor. For one thing, the 'acceptance' of an 
innovation in an industrial setting implies some very specific activities on the adopter's 
part, many of them involving high risks and the commitment of scarce resources. And for 
another, the nature of 'the item' might change during the process of diffusion, so that 
potential adopters are confronted with different 'items' at different stages in this process 
(Gold, 1981; Rosegger, 1986).

In the economics literature, the prevailing interpretations of the diffusion patterns of 
innovations, pioneered by Griliches (1957) and Mansfield (1961) essentially starts with 
the estimation of a diffusion curve. A diffusion curve for an innovation is usually defined 
as the proportion of its potential users who have already adopted as a function of time 
(measured from the first adoption) (Jensen, 1982). For most innovations an ogive or S- 
shaped curve seems to describe the diffusion pattem (i.e. the pattern of acceptance of an 
innovation) quite well (the proportion adopted is an increasing function of time which is 
initially convex but normally becomes concave). However, there are wide variations in
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the exact nature and form of this curve. The focus of most empirical studies of innovation 
diffusion has centered on identification of either the major determinants of the speed of 
diffusion or the characteristics of enterprises which determine how long they delay 
adoption (Mansfield, 1968 a; Davies, 1979).

Turning now to the problem of explaining the speed of diffusion of a given innovation 
within a given industry we start by assuming that an innovation is evaluated by potential 
adopters according to the expected economic advantage it gives them compared to their 
present position (Griliches, 1957; Mansfield, 1961). The advantage may consist of higher 
returns on investment through cost savings, increased sales, higher prices for improved 
products, or some combination of these. It is an expected advantage in the formal sense, 
i.e. it represents the net present value of a future stream of monetary benefits weighted by 
the probability that these benefits will actually occur. The expected economic advantage is 
affected by both factors that influence the demand of potential adopters for innovations 
and elements of the supply of innovations that might influence patterns of spread.

Why, then, if at least one enterprise finds an innovation superior and thus adopts it, is it 
not instantaneously adopted by all potential adopters? Given that innovations are evaluated 
according to their expected economic advantage the answer must either be that most 
potential adopters do not expect instantaneous adoption to be economically advantageous 
or that they lack information about the innovation. Managements will, of course, be aware 
that there is a trade-off in the timing of adoption. The trade-off involves balancing the 
advantages of leading with the advantages of lagging in the process of diffusion. Earlier 
involvement in a new technique should offer a considerable cost advantage or potential to 
increase the product price. We can easily think of a number of reasons why not all 
potential user enterprises immediately adopt an innovation (Nijkamp and Rietveld, 1987):

1. Potential users lack information about
1.1 the existence of the innovation and/or
1.2 the characteristics of the innovation.

2. Potential users have information about the existence of the innovation and its 
characteristics, but

2.1 there is risk aversion among potential users,
2.2 adoption is in the short-run only profitable for some of the potential users,
2.3 there is psychological inertia among the potential users,
2.4 there is a lack of complementary inputs
2.5 institutional factors constrain the adoption decisions,
2.6 there are supply constraints,
2.7 there are differences among potential users in their capability to adopt 

innovations, and/or
2.8 there are expectations that improved or cheaper, i.e more profitable versions 

of the new technique in question will appear in the near future (Thus, we must 
realize that expectations about rapid changes in the characteristics of an 
innovation may actually retard its spread because decision-makers find it 
worthwhile to postpone adoption until the next generation of the new 
technique comes along (Rosenberg, 1976; Balcer and Lippman, 1984). 
However, if the use of the innovation is accompanied by important learning
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economies, it might still be economically advantageous to adopt the current 
version and not to wait for improved versions.).

In principle, the different empirical diffusion patterns found are the result of the 
interaction of demand and supply forces, as are other economic phenomena. However, 
the main efforts to create models of diffusion processes have concerned the demand side 
only (i.e. the innovation diffusion process is assumed to be limited by demand). The 
attempts to model the diffusion process from a pure demand side perspective can be 
categorized in two main classes: (i) models assuming that potential adopters have 
incomplete information, and (ii) models assuming that potential adopters have perfect 
information (or at least have the same level of information). In the first class of models we 
find the so called learning, contagion or epidemic models that see the diffusion process as 
the result of information accumulation. In the second class of models a distinction can be 
made between (i) models relying on differences between enterprises, and (ii) models 
where all enterprises are assumed to be equal (the game theoretical or strategic approach). 
However, models that integrate the two main theoretical approaches have also been 
presented (Stoneman and David, 1986).

In Subsection 2.3.1 we will briefly discuss the important characteristics of learning 
models while in Subsection 2.3.2 we will equally brief discuss diffusion models that rely 
on differences between enterprises. In Subsection 2.3.3 we elucidate the criticism that has 
been directed against the pure demand models and give one example of how the supply 
side has been integrated in a diffusion model. Our conclusions from this section are 
summarized in Subsection 2.3.4.

2.3.1 Learning Models of Innovation Diffusion

The appearance of innovations creates a dynamic technological environment where 
enterprises have to face disequilibria to which they must adjust. Innovation adoption can 
be viewed as a reallocation decision made in response to such disequilibria (Schultz, 
1975). It allows enterprises to take advantage of the opportunities generated by 
innovations. When, in such a situation, an innovation has uncertain economic advantages 
and fixed costs of adoption, we expect that some enterprises will make reallocation, i.e. 
adoption, decisions faster than others. We also expect that such differences in the time of 
adoption, i.e. the innovation diffusion pattern, can be explained by differences in 
information about the innovation. Hence, we expect that innovation adoption will take 
place when an enterprise has reduced its uncertainty about the economic advantages of 
adoption to some acceptable level through information accumulation.

In other contexts, diffusion may be equivalent to the spread of information but what 
matters in our case is the spread of innovations, i.e products embodying a technological 
innovation. Mere information transfer is not analogous to the diffusion of innovations. 
The availability of information is a necessary but not sufficient condition for diffusion in 
an economic sense, but the mechanisms whereby such information is spread will 
nevertheless exert an influence on the speed of diffusion of such innovations. However, it 
has been claimed that technological advances in communication have meant that the 
awareness of the existence of innovations tends to spread so rapidly within the industries
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concerned that it cannot be used, by itself, to explain the reactions of the potential 
adopters (Rosegger, 1976). Be that as it may, information about existence is not enough. 
Successful adoption also demands information about the characteristics of the innovations 
and, thus, we maintain the view that the sources and channels of information distribution 
remain important factors in explaining diffusion of innovations.

Hence, in this subsection we start from the basic assumption that enterprises have 
imperfect information about (i) what technical solutions actually exist, and (ii) the 
characteristics of existing technical solutions. Earlier in this chapter, we emphasized that 
during the early stage of the introduction of major innovations there is great uncertainty 
about (i) which of several competing approaches to approximately the same functional 
requirements will prove economically superior, i.e. will become the dominating design, 
(ii) technical performance in general as well as in a specific application, for example, 
about what cost reductions that might be achieved when using a certain innovation for 
process development, (iii) the consequences of being a pioneer adopter, for example, in 
the case of product development, about the future product price that will depend upon the 
market's reaction upon the new product as well as upon the actions taken by rivals, (iv) 
development costs and development time, and (v) the rate of improvement of the 
characteristics of the innovation (Kling, 1981). These uncertainties generate great 
uncertainty about the economic advantage of adopting a given innovation and, hence, 
diffusion will be relatively slow during this stage.

Eventually, however, standard versions of the new technique emerge, Inigs' are worked 
out by early adopters as well as by producers, market results are reported and, thus, the 
volume and quality of information available to the remaining potential adopters improves. 
The total volume of information about a new technique grows as more enterprises employ 
it and as their experience accumulates. The later an enterprise adopts, the fewer problems 
there are likely to be (i.e. the uncertainty will decrease over time). Once a new technique 
becomes widely accepted, a large number of the initial problems will disappear. There 
will be a considerable number of work people familiar with operation and maintenance 
problems. Hiring personnel who are acquainted with the new technique may be a cheap 
way of acquiring information. They will have been educated at other enterprises' expense 
and will thus effectively subsidize the late adopter. Indeed, the inter-enterprise mobility of 
skilled and innovative personnel seems to be very important in the diffusion process 
(Antonelli, 1985). At this point, diffusion will tend to accelerate, as decision-makers in 
more and more enterprises have convinced themselves about the economic advantages of 
adoption.

Sooner or later, the apparent benefits of adoption will tend to be dissipated by the 
widespread availability of very good information about the innovation. Latecomers will be 
forced to take up the innovation as a purely defensive strategy, in order to survive in the 
competitive game. The speed of diffusion slows down.

When uncertainty prevails, a contagion, epidemic or learning model might be applied to 
analyze the innovation diffusion process, i.e. the diffusion process is seen as a learning 
process in which there are leaders and followers (Griliches, 1957; Mansfield, 1961). 
According to this model, patterns of innovation diffusion are determined by an 
information accumulation process that enterprises undergo in relation to innovations. The
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basic assumption is that upon learning of the existence and the characteristics of a new 
technique, a potential adopter will acquire it when the uncertainty about the profitability of 
adoption is reduced below some threshold level.

Information accumulation is achieved through (i) a user - non-user interaction process, 
where potential adopters learn about the innovation and its characteristics through contacts 
with adopters, (ii) a supplier - non-user interaction process, where potential adopters learn 
about the innovation and its characteristics through contacts with the suppliers of the 
innovation, and (iii) a trial process, where potential adopters learn about the innovation 
and its characteristics through small scale trials. Hence, information accumulation is 
dependent upon the characteristics of the communication or information dissemination 
systems which provide potential users with information about the existence of an 
innovation and its characteristics. The adoption of innovations involves flows of 
information. By definition, potential adopters of an innovation receive initial information 
from outside their organization. This information may range in character from a public 
good to knowledge protected by property rights. Public-goods type information will 
normally only provide general information about the innovation and its characteristics 
(Rosegger, 1986). Hence, the specific information about the innovation and its 
characteristics needed for an evaluation will have the character of private-property 
information. Those institutions and mechanisms through which private-property 
information is communicated to potential adopters can thus be expected to have a 
significant influence on the diffusion of innovations. Thus, we believe that the stages 
preceding the acceptance of an innovation by a potential adopter are essentially concerned 
with information exchange but also, possibly, with a small-scale trial of the innovation. 
We shall now discuss the three processes by which information accumulation is achieved.

(i) A user - non-user interaction process. One principal factor explaining the slow start 
and later acceleration of the diffusion process is that there is a strong stimulus to try 
out a new technique when it is known that others have used it successfully. 
Following Mansfield (1961), it is often assumed that the probability of adoption by 
an enterprise at a given date is positively related to the proportion of enterprises 
within the total population of adopters and non-adopters who have already adopted 
the innovation. This means that the proportion of enterprises using an innovation 
influences its diffusion process through the user - non-user interaction process, i.e. 
we have a contagion or band-wagon effect. This interaction process is actually the 
common basis for all contagion or learning models. The rationale for this 
assumption is generally Schumpeter's imitation hypothesis that says that perceptions 
of profit opportunities are positively related to the successful experience of others in 
the market (Jensen, 1982).

Basically, in the purest form of the learning model, all information is spread by 
random personal contacts in that whenever a non-user who is a potential adopter 
meets a user, then he obtains information about the existence of the innovation (and 
its characteristics). Hence, one views each user (adopter) as a 'node' from which the 
item (the innovation) being diffused can be transferred to non-users (non-adopters), 
and so on, until the population of potential adopters is saturated. If one makes the 
simple assumption that the probability of contact between every pair of persons 
(enterprises) is the same, that everybody is a potential adopter and that the frequency
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of contact as well as the acceptance behaviour remain unchanged during the process, 
one arrives at the well-known logistic curve (Dodds, 1955; Zachrisson, 1971; 
Stoneman, 1983).

Thus, the diffusion pattem of an innovation will be influenced, among other things, 
by the character of the contact network (i.e. network of information channels 
between users and non-users), the frequency of contact and the extent to which 
receivers of the information tend to adopt the innovation. However, within this 
general framework, we may also assume, (i) that non-users who suspect that there 
might be some technical solutions available which would be profitable for them but 
of which they are unaware, will actively start to search for information about such 
possible technical solutions from other enterprises, and (ii) that non-users who have 
become aware of the existence of a new technical solution which they might possible 
adopt will actively search for contact with users to obtain information from them 
about the characteristics of the new technique. Hence, the diffusion pattem of an 
innovation may also be influenced by the intensity with which the non-users search 
for information among the users.

Information about a new technique here comes from observing its use by other 
enterprises. The greater the share of enterprises who have adopted a certain 
innovation, the more likely it is that information about the innovation will be 
transmitted this way. When few of the enterprises have adopted an innovation, there 
are only a small number of users who can be sources of information. At this point, 
diffusion rates are low. As the share of users increases, the information base is 
broadened, and since there are still a large number of enterprises who have not 
adopted the innovation, the diffusion rate tends to increase, because of an increase in 
the probability that a non-adopter will meet an adopter. As the proportion of users 
becomes large, however, the number of potential users still remaining decreases. 
The remaining enterprises will necessarily tend to be those most resistant to change, 
and the increase in the share of enterprises who have adopted the innovation will 
slow down.

(ii) A supplier - non-user interaction process. Information about an innovation and its 
characteristics may also come from the supplier - non-user interaction process. 
Among suppliers we also include all other agents (private as well as public) that have 
an interest in furthering the diffusion of innovations within the industry/industries 
concerned. Thus, the diffusion pattern of an innovation may be influenced by (i) the 
character of the network of information channels between suppliers and potential 
adopters, (ii) the character and intensity of the messages sent by suppliers, and (iii) 
the intensity with which non-users use the existing information channels in their 
attempts to get information from the suppliers about the existence of technical 
solutions and about the characteristics of known technical solutions. In this process 
suppliers seek the customers who they expect to be most willing to pay for the 
innovation. It is important to stress here that suppliers of machines, equipment and 
components embodying a technological innovation have an obvious economic 
interest in seeing their new products adopted by as many enterprises as possible. We 
may thus expect suppliers to play an active role in sending information about 
innovations. Hence, the cost to non-users of acquiring information is often mitigated



21

by the fact that outside agents, in particular the suppliers, have an active interest in 
rapid diffusion.

(iii) A trial process. Besides trying to reduce uncertainty about a known technical 
solution by searching for information through the existing information channels, 
potential adopters may generate information themselves about the characteristics of 
an innovation by starting to use it on a trial basis, i.e. through a trial process. The 
trial in the actual use of new techniques can be seen as an extension of the R&D 
process. When trying to find a balance between all forms of external information and 
the internal information that an enterprise itself may generate through the trial 
process in order to evaluate the innovation, decision-makers are confronted with a 
dilemma: as diffusion proceeds, the quantity and quality of information available 
through external channels improves, reducing the need to commit resources for 
internal investigations. But in this process, the prospective advantages of adoption 
might also be reduced.

The 'pure" learning approach to the diffusion of innovations has been severely criticized 
by Davies (1979) for suffering from two major drawbacks:

* The 'pure' model depends on two technological assumptions which Davies finds it 
unlikely will apply in the actual context, namely: (i) that there are no post-invention 
improvements in process innovations and (ii) that all potential adopters should be 
equally susceptible to any innovation. A violation of either assumption will result in a 
non-symmetric S-shaped growth curve (Bain, 1963; Lekvall and Wahlbin, 1973; 
Hemes, 1976).

* By dealing only with the behaviour of enterprises in aggregate, the 'pure' model 
pushes aside many of the more interesting theoretical questions - such as the nature of 
the adoption decision by the individual enterprise - and substitutes a rather mechanistic 
hypothesis of behaviour.

We think that this criticism is exaggerated. In our view, the learning approach to 
innovation diffusion represents a major achievement that is certainly useful. It establishes, 
in some sense, the general stylized facts of the diffusion process and, thus, gives a 
solution to the problem of representing some of the more relevant factors by which 
innovation diffusion is made concrete.

Of course, learning models do not really explain the diffusion patterns. What they provide 
is a description of aggregate industry behaviour in the form of an ex post rationalization of 
the conditioned probability of a non-adopter to become an adopter of a given innovation. 
They illustrate the pattem of diffusion but they shed only limited light on the individual 
enterprise's adoption decision and, hence, fails to provide a behavioural explanation of 
why some enterprises are quicker to adopt than others.

In the more ’pure’ learning models attention has, in particular, been focused on the 
channels or means of information transmission (i.e. on the information networks and their 
characteristics). The influence of other factors of undoubted importance has tended to be 
neglected. Rather less attention has, for example, been given to possible influences
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coming from (i) the characteristics and actions of the 'receivers of the messages', i.e. the 
potential adopters, (ii) the characteristics and actions of the 'senders of the messages', i.e. 
the suppliers or (iii) the type of message transmitted. Applying such models to innovation 
diffusion, there is an implicit assumption that diffusion will be rapid as long as 
'information transmission channels' show themselves capable of transferring information 
adequately, independently of (i) the intrinsic character of the innovation about which 
information should be transmitted, (ii) the characteristics and actions of those actors that 
supply the innovation, and (iii) the characteristics and actions of the enterprises who are 
the receivers and accumulators of information and eventually adopt the innovation.

The learning approach to innovation diffusion suggests that differences in how quickly 
enterprises (the potential adopters) adjust to a changing set of production possibilities 
created by the development of innovations can be explained by differences between 
enterprises in information about the innovation. Information about the innovation is seen 
as a function of (i) the network characteristics of the enterprises, i.e. what information 
channels the enterprises are coupled to, (ii) the search activities of the enterprises, and (iii) 
the information sending activities of the suppliers. We, however, suggest that information 
about an innovation is also an increasing function of the enterprises' endowments of 
human capital, in particular, highly educated employees (Nelson and Phelps, 1966; 
Welch, 1970; Kislev and Shchori-Bachrach, 1973; Wozniak, 1987). The reason for this 
is that highly educated employees can be expected to be more efficient in searching for, 
gathering, interpreting, and evaluating information in order to learn about adoption 
profitability and will thus reduce adoption uncertainty at a faster pace than employees with 
lower education. Hence, we can assume that investments by enterprises in information 
and in employment of personnel with higher education reduce the cost and uncertainty of 
adoption and thereby raise the likelihood of adoption.

After this discussion of learning models of innovation diffusion, we now turn our 
attention to another family of models of the innovation diffusion process, namely models 
which try to explain innovation diffusion patterns by referring to differences between the 
potential adopter enterprises.

2.3.2 Models of Innovation Diffusion Relying on Differences between Enterprises

Whether the adoption of a given innovation appears attractive for an enterprise or not 
depends among other things upon the technological and economic characteristics of the 
enterprise. As those characteristics vary among the potential adopters, we should not 
expect them all to adopt the innovation immediately. In this subsection we discuss models 
of innovation diffusion relying on such differences between enterprises. A common 
property of all such models, known as probit models, is the assumption that across the 
population of potential adopters the magnitude of at least one economic characteristic 
influencing the outcome of individual adoption decisions is not a constant but, instead, 
can be described by a more or less continuous frequency density function (David, 1969). 
There are essentially five types of models that belong to this model family: (i) the 
entrepreneurial inertia model, (ii) the information cost model, (iii) the fixed capital 
replacement model, (iv) the vintage model, and (v) the enterprise size model.
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In the entrepreneurial inertia model, the adoption of an innovation is looked upon as a 
response to an economic stimulus to change the current situation. An economic stimulus 
is needed to surmount entrepreneurial inertia, but the rate of return necessary to persuade 
an entrepreneur to adopt an innovation varies over the population of enterprises. If the 
strength of the stimulus subsequently increases, enterprises with a higher and higher rate 
of return thresholds will adopt, and the extent of diffusion will become more and more 
complete as time passes. The effect of entrepreneurial inertia on innovation adoption 
might be analyzed by using the concept of X-inefficiency (Leibenstein, 1978).

The information cost model says that the rate of return threshold for adopting an 
innovation is the same for all potential adopter enterprises but that the potential adopters 
face unequal search costs when they try to acquire the information needed to adequately 
determine the profitability of adopting the particular innovation in question. The share of 
adopters increases over time due to an assumption that search costs will decrease as more 
and more enterprises adopt the innovation.

In the vintage model, which will be discussed in more detail in Chapter 3, it is assumed 
that new techniques is embodied in new capital equipment and so gross investment 
becomes the vehicle of diffusion. The important point with the vintage model is that 100 
% diffusion will not be instantaneous, even given perfect information and cost minimizing 
behaviour (Davies, 1979). The diffusion pattern for a new technique, given perfect 
competition, will depend upon (i) the age structure of the existing capital stock, (ii) 
improvements in the new technique over time, (iii) the time path of the price of the 
innovation, and (iv) movements in the relative prices of factors of production (Davies, 
1979; Stoneman, 1983). Enterprises use the same criterion for deciding when to change 
technique. An old vintage is replaced by a new vintage if the variable unit cost of the old 
vintage is higher than the total unit cost (including amortization and interest) of the new 
vintage. Differences in behaviour between enterprises come from differences in the age 
structure of the existing capital stock.

Closely related to the vintage model is the fixed capital replacement model. In the pure 
form of this model, as proposed by David (1969), the innovation is assumed to be 
embodied in durable capital goods and is in competition with some old technique that is 
embodied in the existing plant and equipment. All enterprises are assumed to be equally 
responsive to opportunities to reduce unit costs by introducing a new technique but not all 
enterprises in an industry will confront that opportunity at the same point in time since 
they own old physical capital with different variable costs. For part of the old equipment, 
variable unit costs are lower than the total unit costs for the new equipment. Due to 
physical wear and tear and other effects of aging, the variable costs of the old equipment 
increase over time and as time passes more and more of the old equipment will be 
replaced with the new equipment. As far as we can see there is no essential differences 
between the vintage model and the the fixed capital replacement model.

Finally, we have what might be called the enterprise size models (David, 1969, Davies, 
1979). Here enterprise size is the critical variable, because enterprise size is assumed to be 
an important determinant of the profitability of innovation adoption. The discussion is 
centered on how the enterprise size is distributed within an industry and how the 
threshold value of enterprise size is determined. With a given enterprise size distribution,
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an innovation is diffused as the threshold level for profitable adoption of the innovation is 
lowered. For example, David (1969) assumes that the new technique (the innovation) has 
higher fixed cost and lower variable cost than the old technique. In that case, the scale of 
production (and thus the size of the enterprise) must exceed a certain critical level before 
adoption is profitable. To arrive at innovation adoption as a gradual process, an additional 
assumption must be made about the development of the relative price of the new 
technique. David assumes that it decreases at a constant rate. Thus, the diffusion process 
starts with the largest enterprises, the shape of the diffusion path being determined by the 
shape of the distribution of enterprises according to size.

We have now briefly discussed five different approaches to the analysis of the diffusion 
patterns of innovations which concentrates on the characteristics of the individual 
enterprises within the set of potential adopters. These approaches are not only suitable for 
generating diffusion curves but may also indicate which enterprises will be early adopters 
and which enterprises will be late adopters.

As was the case with the learning approach, we think the probit approach of great value 
for our study. The basic model principle with one characteristic which has a distribution 
over the set of potential adopters and a threshold value that must be exceeded for adoption 
to occur can be applied more or less directly within our study. Besides network 
characteristics, the central characteristic of the enterprises in our study is their "knowledge 
stock", which has a certain distribution over the set of potential adopters. A new 
technique demands a certain threshold knowledge stock. Only enterprises with a 
knowledge stock exceeding the threshold value will be able to or find it profitable to adopt 
the actual technique. Over time this threshold value is lowered as the new technique 
becomes simplified and standardized, and so diffusion proceeds. But, and this is 
important, an enterprise with a knowledge stock lower than the threshold value might 
invest to increase its knowledge stock by retraining its employees and/or by recruiting 
new qualified employees and, thus, adopt more rapidly.

2.3.3 Integration of the Supply Side in Models of Innovation Diffusion

The demand models of innovation diffusion have been criticized for taking the supply side 
for granted. As Metcalfe (1981) has pointed out, the diffusion process of innovations is 
affected by the conditions of the supply of the innovation as well as by demand 
characteristics. The following major weaknesses have been pointed out in the literature 
(Dosi, 1984; Stoneman, 1986): (i) they assume a once-and-for-all innovation without 
allowing incremental improvements on the supply side, (ii) they often neglect changes in 
the price of the innovation itself which may affect, over time, the profitability of the 
adoption of the innovation, (iii) they do not consider the process of diffusion in the 
production of the innovation, i.e. the patterns of imitation in the supplying industry, and
(iv) they do not consider that supply side bottlenecks may be important. The main 
conclusion that can be drawn from this criticism is that the price path of the product 
embodying the innovation cannot be set exogenously, but its development is determined 
by demand-supply interactions.
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Nevertheless, perhaps it might still be possible in some connections to defend the pure 
demand models. For example, at a more fundamental level of analysis and given no 
supply constraints, it might be possible to claim that what is adopted is not a certain new 
artefact but a certain technological or scientific principle embodied in a basic innovation 
and that every basic innovation contains a certain potential for improvements that are 
exploited over time: improvements which do not change the technological or scientific 
principle that is the basis of the innovation.

The alternative, of course, is to work with diffusion models which contain both a demand 
and a supply side. Stoneman (1983) and Stoneman and Ireland (1983) presents various 
models allowing for supply-demand interactions. The diffusion path will be influenced 
among other things by the structure of costs: economies of scale in the production of the 
product embodying the innovation give rise to decreasing unit costs of production, which 
may lead to decreasing prices. Another important factor is the market structure in the 
market for capital equipment and other other inputs embodying an innovation 
(Quirmbach, 1986) for instance, the possibility of free entry preventing suppliers from 
making monopolistic profits. Other potential factors limiting the supply of products 
embodying innovations are the lack of venture capital and lack of qualified labour.

Metcalfe (1981) has, for example, developed such a model, where diffusion is jointly 
determined by the supply of an innovation, whose price changes over time, and a demand 
for it, which also depends on its price and the profitability of adoption. Dosi (1984) 
maintains that we should have some reservations about the way that this specific model 
describes the diffusion on the supply side, which is assumed to be restricted by 
productive capacity and an upward-sloping cost curve for the producers of the innovation. 
He feels that normally, we should expect the real prices of any given innovation to 
decrease over time due to learning effects and process development in the supplying 
industry. However, the real price may come down even while costs increase, since profits 
will be trimmed, when a product passes through its life cycle from a temporary monopoly 
to price competition. Anyhow, the basic properties of the model might hold even under 
conditions of non-increasing unit costs of supply.

Leaving this specific model aside, we may make certain observations concerning the 
supply side that might be valuable for the current study. The process of diffusion in 
production, i.e., both the expansion of the innovative enterprises and imitations by other 
enterprises, is intimately associated with additional minor innovations and improvements. 
This is not only a corollary of ordinary learning processes but also implied in the very 
dynamics of inter-enterprise asymmetries based on technological leads and lags. As 
argued by Dosi (1984), asymmetric technological capabilities associated with some limit- 
price force potential entrants to introduce further improvements in order to enter the 
market. This process tends to improve the performance characteristics and lower the real 
price of the innovative products and thus widen the universe of potential adopters.

2.3.4 Innovation Diffusion: A Summary

Given the above presentation and interpretation of the dominant families of models of the 
innovation diffusion process, we will now present our own view. We will not do so in
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terms of any formal mathematical model but instead we will present a more loosely 
formulated framework that can serve as a background for the theoretical and empirical 
analyses in this and later chapters.

In our view there is a need to integrate the perspectives offered by the traditional 'single- 
minded1 approaches presented above. A framework for studying the diffusion of a given 
innovation should contain the following four basic assumptions: (i) the (expected) 
profitability is the main criterion when enterprises decide whether they should adopt or 
not, (ii) potential users have incomplete information about the availability and the 
characteristics of new techniques and may actively search for more information to make 
their knowledge more complete, (iii) potential users are different and differ, among other 
things, in their capability to adopt new techniques, and (iv) changes on the supply side 
over time change die conditions for adoption.

We thus imagine the innovation diffusion process as the result of interaction between, on 
the one hand, non-users and users and, on the other hand, non-users and suppliers. This 
interaction takes place within different information networks. Through the acquisition of 
external information the uncertainty about the profitability of adopting a given innovation 
is reduced. The rate of uncertainty reduction depends upon the network characteristics of 
the enterprises and also upon their capability to search for and evaluate information. This 
capability is dependent upon the enterprise's knowledge stock. The knowledge stock also 
determines the capacity of an enterprise for the small-scale trial of an innovation as well as 
its capacity to adapt and implement an innovation. Of course, suppliers realize that 
different enterprises have different capacities to adopt innovations and it seems reasonable 
to assume that they will initially concentrate their marketing efforts on the most capable 
enterprises.

Hence, within our framework, we expect the diffusion pattern for a given innovation to 
be critically dependent upon the distribution of (i) information network characteristics and
(ii) knowledge characteristics over the set of potential adopters.

2.4 The Spatial Diffusion of Innovations

In this section, which is based upon Anderstig and Karlsson (1987), we will discuss the 
spatial diffusion of innovations within an industrial setting. To analyze the spatial 
diffusion of innovations, it is necessary to distinguish the following sub-processes: (i) 
generation, (ii) adoption, and (iii) diffusion of innovations.

On innovation generation, Thompson (1965, 1968) has advanced the hypothesis that 
inventions tend to generate and, in particular, to become innovations in the large 
metropolitan areas of 'high-technology' regions. Thompson's hypothesis is supported by 
McNeill (1963), who reports that inventions and innovation generation throughout history 
have taken place in the larger metropolises open to the interchange of newer products and 
ideas (Jane Jacobs, 1969). It is also consistent with the findings of Pred (1966) and of 
Malecki (1981 a). The latter found that, in industrial multi-establishment enterprises, 
R&D departments tend to be located in large urban areas where the corporate head
quarters, support services and worker amenities are found. There are several reasons
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why metropolitan areas are the best "seed-beds” for new products. For one thing, we may 
notice that in the early stages of product development, there is a heavy reliance on highly 
skilled designers, engineers, etc, resources which are concentrated to larger metropolitan 
areas as a result of agglomeration economies.

Thompson's hypothesis, however, can be made more precise. Present and historical data 
show that innovations are generated not just in any large open city but particularly in those 
in the most developed countries of the time. Today, most innovations in the industrialized 
market economies originate in five large megapolises: the eastern and western United 
States' seabords, the area of the Ruhr-Rhine valleys, the London-Midland plain and the 
Shinkansen region in Japan (Lasuen, 1973).

Once inventions have become innovations, knowledge about them is diffused to other 
countries and regions. The diffusion process follows different communication 
mechanisms depending on the kind of innovation. Innovations are of interest mainly to 
enterprises directly or indirectly affected by the innovations. Consequently, the diffusion 
of innovations is carried out through specialized communication channels mostly directed 
to the enterprises in the trade.

Thus, with respect to Sweden, we may assume that the vast majority of innovations are 
generated exogenously and in a few relatively constant areas. Consequently, in our 
analysis, the critical sub-processes are those of innovation adoption and diffusion. For a 
small country like Sweden, not being a major innovation generating region, we may 
conclude that the import channels, i.e. the distribution networks of the innovation 
generating enterprises, are vital in the innovation diffusion process (Anita Benvignati, 
1982 a). Information about the innovation may, of course, reach the potential adopter 
through a number of information channels, as for example, journals, fairs, exhibitions, 
and customers but the actual transfer of embodied innovations takes place within an 
import channel. The distribution network within Sweden then consists of selling 
companies owned by the innovating enterprises and also of Swedish enterprises 
specialized in importing innovative products, often working as agents or representatives 
for the innovating enterprises.

A study of the spatial pattern of innovation diffusion, within a country like Sweden, 
should start by emphasizing that the processes of innovation diffusion and industrial 
location are intertwined. The distinguishing feature of industries using new advanced 
technology is that some significant part of the design or manufacture of their product is 
still in the introductory stage.

Viewed from the perspective of traditional location theory, these industries tend to be 
"foot-loose". However, their most important location factor is the supply of high skills 
and scientific workers, and the location of these specialized resources is a determinant in 
the location process (Hekman, 1980 a). These industries are normally dominated by large 
multi-functional/multi-product/multi-establishment/multi-location enterprises (M-enter- 
prises) (Single-establishment/single-location enterprises are termed S-enter prises). The 
status of the establishments - independent versus branch establishments - is a main 
institutional factor in the spatial diffusion of innovations. An establishment that is part of a 
larger network has an advantage in that information on innovations generated in other
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regions can be obtained more readily. Also, financial constraints may be less severe in 
comparison with independent establishments. Further, Pellenbarg and Kok (1985) 
rapport that the educational level of management staff in branch establishments tends to be 
higher than in independent establishments.

The separate facets of the activities (R&D, design, component manufacturing, assembly, 
testing, etc) of M-enterprises can be performed in different locations as the products have 
passed the introductory stages. The functional breakdown of production along cost- 
minimizing lines means that the different parts of the production process will be carried 
out in different locations. Thus, the establishments in one industry located in different 
areas may be producing quite different products, i.e. there exists considerable regional 
specialization within industries (Hekman, 1980).

As to spatial innovation diffusion, a distinction has been made between two kinds of 
spatial diffusion - neighbourhood and hierarchical. It was the former, with its emphasis 
on the over-riding importance of physical distance in the diffusion process, that was 
emphasized by Hägerstrand (1952, 1967) in his pioneering analysis of the diffusion of 
'household' innovations. The distinction has been expressed by Cohen (1972, pp.14-5) 
as follows:

"The neighbourhood effect means that.... the closer a potential adoption unit to the source of innovation
or to another unit that has already adopted the greater the probability that it will adopt The
hierarchical effect implies tha t the higher the ranking of a potential adoption unit in a hierarchy, the
greater the chance that it will adopt”.

The hierarchical model is here of greater interest, because it illustrates the 'short- 
circuiting' of the neighbourhood diffusion process and appears more applicable to 
innovations in an industrial setting (Moseley, 1974). As early as 1955, Perroux stated that 
growth manifests itself at points or poles of growth and diffuses through the economy in 
definite channels. In this view growth cannot be separated from the diffusion of 
innovations. Berry (1972) claimed that the role played by growth centres in regional 
development was a particular case of the general process of innovation diffusion. He also 
argued that the development role of growth centres involves the simultaneous filtering of 
innovations that brings growth down the urban hierarchy and the spreading of the benefits 
accruing from the resulting growth, both nationally from core to hinterland regions and 
within these regions from their metropolitan centres outward to the inter-metropolitân 
periphery. This means that what is important here is the role of urban size in the 
innovation diffusion process.

Berry based his work on that of Thompson (1965), who had hypothesized the way 
innovations spread out spatially from the large urban areas in the industrial heartlands to 
the peripheries. Thompson's reasoning was as follows: the adoption of innovations 
requires a flexible and diversified force of skilled labour, imaginative management, highly 
research-oriented technical manpower and significant external complementaries in the 
fields of finance, commerce, etc. This is why the site of innovation-based production is 
likely to be the large metropolitan area where its main plant, R&D facilities, product 
design facilities and principal management functions are normally located (Thompson, 
1969; Oakey, 1979). This means that the use of advanced input innovations, for instance,
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new advanced microelectronic circuits, will first be adopted by enterprises in large, 
advanced urban areas. However, as the most advanced and qualified functions of the 
enterprises are located in the same areas, we may also hypothesize that "process" 
innovations for those functions, as, for example, the use of computer support in R&D, 
computer-aided design, computer-aided production planning, computer-based material 
and production systems, and computer-based management resource planning systems, 
will be first adopted in the same large, advanced urban areas.

During its early life, the new product is introduced into new market areas by means of 
export. However, as the product ages, it moves along the product cycle curve and its 
product and process technology matures, skill requirements fall, and the dependency on 
agglomeration ceases. The high skill levels and advanced infrastructure of the more 
industrially sophisticated metropolitan areas actually become more and more superfluous. 
The ageing of the product means that it becomes more standardized. At this stage products 
start to filter through the hierarchical system of urban areas to cities with less industrial 
sophistication. Decentralization of production might, in this context, be seen as the spatial 
manifestation of changes which occur in production and industrial organization in 
accordance with the product life cycle (Thomas, 1974). The lower an area lies in the skill 
and wage hierarchy, the older a product tends to be when it arrives. Even if not all authors 
fully agree on hierarchical filtering (Pred, 1974), several reasons for such a process can 
be posited (Mansfield, 1968):

(i) Inform ation flows. In much of the pioneer work on the spatial diffusion of 
innovations (Hägerstrand, 1952 and 1967), the role of information availability in 
neighbourhood diffusion was afforded paramount importance, i.e. the diffusion of 
innovations was viewed as a learning process. But this approach is also valid for the 
problem of hierarchical diffusion, considering that there are networks of social 
communications which connect certain places (central places in this case) to the 
exclusion of others. Innovations are, then, transmitted through a hierarchy of 
information networks (international, interregional, intraregional, etc). Enterprises 
with spatially abundant information networks may learn of, and be convinced earlier 
of, the relevance of a particular technique, compared to enterprises which obtain 
technical information from a narrower base and at a later date. The diffusion of 
information therefore becomes a key variable in the diffusion of new techniques' (Thwaites, 
1978, p.452). However, the strength of information flows may vary over space and 
information networks may be stronger in certain regions (Pred, 1966; Feller, 1971; 
Goddard and Morris, 1976). Given this background, we may, for example, think 
that a hierarchical diffusion pattern is generated by a simple probability mechanism 
in which the probability of adoption depends upon the chance that an enterprise 
residing in a given centre will learn of the new innovation - a probability which 
declines with the size of the centre (Hudson, 1969). Of course, the mass media, the 
mushrooming of technical journals, etc, have brought more rapid and more widely 
spread information about the existence of innovations than ever before. Still, 
however, information about the characteristics of innovations, must perhaps be 
transferred interpersonally and thus flow hierarchically, generating a tendency for 
innovations to diffuse down the urban hierarchy.
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(ii) Markets. A second reason for a hierarchical diffusion of innovations is concerned 
with the need to minimize risk. The introduction of an innovation on a new market is 
an inherently risky business for its propagator and, as noted by Pred (1966, p.99), 
”uncertainty has a spatial dimension". Problems of a technical nature, of factor supply or 
of marketing may arise, and each is likely to be more easily overcome the larger the 
city. The argument is not simply that technical expertise, skilled labour and a ready 
market are most abundant in cities, but also that there is more information. Thus, in 
a sense, the argument here too is one of abundance of information. Hierarchical 
diffusion may thus be the result of a "market-searching” process in which the 
enterprises propagating the innovations exploit market opportunities in a larger-to- 
smaller sequence (Harris, 1954). The idea is that the most profitable (or least risky) 
locations (=markets) are exploited first, and successively less profitable or more 
risky locations are exploited later (Brown and Cox, 1971).

(iii) Factors of production. To be able to adopt and use an innovation in a profitable way, 
an enterprise must have access to complementary inputs or factors of production. 
Two kinds of complementary inputs can be distinguished: inputs which are supplied 
on the market and inputs from social overhead capital. An important example of the 
first type is the availability of a sufficient quantity of qualified labour to be capable of 
adopting the innovation. The argument here is that highly educated labour, capital 
and entrepreneurial skills are in short supply and most readily available in the largest 
urban areas. This means, for example, that the absolute number of people, ready, 
willing and able to perform a certain job is likely to vary closely with the size of 
urban centre (Anderstig and Hårsman, 1986). Also the supply of services necessary 
for adopting an innovation must be mentioned here. In a situation of excess demand 
for the innovation, one may expect that the development of the spatial pattern of 
supply of services is led by the development of the spatial pattern of adoption, in 
particular, when the services concerned are specific for the innovation. This implies 
a certain advantage for potential adopters in regions where there are already many 
adopters compared with other regions (agglomeration economies) (Nijkamp and 
Rietveld, 1987). Social overhead capital may also play a role as a complementary 
input to the adoption of innovations. Examples are research-oriented universities, 
transport infrastructure (e.g. airports) and high-speed/high-volume tele
communication facilities. Enterprises in regions with plenty of such facilities are 
candidates for an early adoption of innovations. To the extent that these 
complementary inputs have the character of fixed or semi-fixed resources, the result 
will be that enterprises in different regions will face different relative prices for 
factors of production. Given the existence of inter-regional differences in relative 
prices, one arrives at inter-regional differences in the profitability of innovation 
adoption, and, hence, at inter-regional differences in innovation adoption. Thus one 
may, for example, expect a low rate of adoption of a new capital-intensive technique 
in regions where low-skilled labour is cheap due to the abundant supply. 
Conversely, in regions with a small supply of low-skilled labour, the adoption of 
new labour-saving techniques will be relatively fast. However, government policies 
influencing relative prices may also play a role. Goddard and Thwaites (1986) note 
that the relatively fast adoption of new process techniques in peripheral regions in 
the UK is probably due to regional capital subsidies.
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When a product embodying an innovation becomes standardized, it pays M- 
enterprises to shift the manufacturing of the product (or, at least, the manufacturing 
and assembly of standardized parts) to branch-establishments in the more peripheral 
areas of low-cost less skilled labour (Erickson and Leinbach, 1979). Thus, the 
innovation diffusion process in this case takes the form of a relocation process 
(Vernon, 1966, 1971). This process is, of course, stimulated by price competition 
from other producers. Typically, manufacturing in an M-enterprise is relocated to a 
branch-establishment in a smaller community, where labour and other production 
cost savings are possible. Oakey (1979) suggests that branch-establishments will 
receive more or less exclusively mature products. Thus, the manufacturing of 
products containing the product innovations of yesterday is today relocated to 
peripheral non-metropolitan areas. This means that, when products reach the later 
life cycle stages, the producers in the metropolitan areas seek the industrial 
backwaters of non-metropolitan areas where cheaper unskilled labour is suitable for 
the now simplified manufacturing processes. This relocation process is known as 
the “trickle-down" process (Thompson, 1968).

(iv) As a fourth reason for hierarchical diffusion we may hypothesize an "imitation" 
process in which independent entrepreneurs in S-enterprises in smaller centres 
mimic the actions of enterprises in larger centres (Pedersen, 1970).

As a product becomes standardized, it may become possible to introduce process 
innovations. This means that during the standardization stage we may expect a 
simultaneous relocation of production and adoption of process innovations in M- 
enterprises. Consequently, while the adoption of advanced product innovations can be 
expected to take place first in large metropolitan areas, the adoption of new process 
innovations, with applications mainly in standardized production processes, may 
simultaneously take place within as well as outside the large metropolitan areas, at least in 
the case of M-enterprises. This means that we expect the organizational structure of an 
industry to be one important determinant of the spatial innovation diffusion process.

Applying the reasoning so far to the Swedish case, we may think of the Stockholm region 
as the metropolis where the imported innovations are first introduced in Sweden. This 
should be valid for innovations in the form of new advanced components and “process" 
innovations used by the advanced functions within the enterprises. As to process 
innovations designed for the standardization of the manufacturing processes, the 
introduction pattern may be mixed. In some cases, process innovations may first be 
introduced in the Stockholm region, while, in other cases, introduction may take place 
outside the Stockholm region. In principle this could be connected with the 
decentralization of the manufacturing of a product from the Stockholm region. As the 
standardization process proceeds, the innovations are diffused to regions of lower and 
lower industrial sophistication.

The spatial pattern of innovation diffusion within Sweden, particularly in the case of S- 
enterprises, will depend on the spatial location of the nodes in the information networks 
within Sweden. For natural reasons, most information networks in Sweden have the 
Stockholm region as their central node. The Stockholm region is the region with the
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highest international and interregional accessibility. It is also the location of the 
headquarters of the vast majority of the large Swedish companies.

Finally, turning to empirical studies in the field, few studies of innovation diffusion have 
actually focused upon the spatial dimension. A notable exception is the early work of 
Mansfield, et al. (1971) which vindicated the discovery of time lags in the adoption of 
numerically controlled machine tools between states in the USA. In a later study by Rees, 
Briggs and Hicks (1985), concerning the spread of major production innovations based 
on information technology in the United States' machinery industry, adoption patterns 
with spatial differences of varying significance were found. Specific spatial 
differentiations were also established in a study of the rates of adoption of various 
techniques in Canadian industry by Martin et al. (1979). In the British context, research 
by Thwaites, Oakey, and Nash (1981) claimed that regional variations in the introduction 
of varying levels of technical innovation, especially product innovation, occur to the 
advantage of the South East and to the detriment of the peripheral areas of the country, 
notably the Nothem region, Scotland and Wales. Results presented by Thwaites (1982 a) 
suggested that there appear to be regional variations in the generation and adoption of new 
technology which cannot be accounted for in terms of establishment size or industrial 
sector. Thwaites (1983) maintained that his research confirms a spatial innovation 
diffusion pattem for the UK where there is a low interregional rate of diffusion for new 
product innovations from the prosperous (R&D-rich) regions to the development (R&D- 
deficient) regions. Later research on Britain by Gibbs and Thwaites (1985) also claimed 
that new products developed in research units or plants in core areas are usually not 
transferred to outlying regions and that "most innovations are put into production at the location 
where they were originally developed". In the case of process innovations, Thwaites (1983) 
asserted that differences in regional rates of adoption were small. Gibbs and Edwards 
(1985), however, have reported on spatial variations in adoptive behaviour closely 
associated with corporate status, plant size and access to R&D facilities.

2.5 A Conceptual Framework

As stated before the focus of the current study is on the adoption of innovations, i.e. new 
techniques, for product and process development within individual establishments 
(plants). Any establishment's product and process development potential can be 
considered as a function of (i) its environment, including economic, political, and social 
factors, (ii) the state of technological knowledge, and (iii) the characteristics of the 
establishment itself, including its economic resources, its knowledge stock (i.e. the 
knowledge embodied in its personnel), its level of information about existing technical 
alternatives, its information and communication networks, etc. Barriers to flows of people 
and of information between an establishment and its environment will, of course, limit its 
knowledge of, (i) social and market needs (i.e. the potential effective demand), (ii) new as 
well as current technological knowledge, and (iii) government programmes, incentives, 
and regulations. Those barriers will limit the potential for development as seen by the 
establishment.

The purpose of this section is to develop a conceptual framework for analyzing product 
and process development within individual establishments by means of new technical
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solutions bought on the market. In Subsection 2.5.1 we discuss the innovation adoption 
process as a process that can be triggered off either by a demand or a supply stimulus. 
The demand stimulus, or what might be called "the need for development” is discussed in 
Subsection 2.5.2, while the supply stimulus, i.e. the stimulus to adopt new techniques 
that comes from the suppliers of new techniques, is discussed in Subsection 2.5.3. In 
discussing innovation diffusion in earlier sections, we stressed the role of information 
networks as one factor shaping the diffusion patterns. We may assume that the strength of 
both the demand and the supply stimuli to adopt new techniques depend upon the 
information networks to which an establishment is coupled. Information networks are 
discussed in Subsection 2.5.4. In the discussion of innovation diffusion above, we also 
advanced the distribution of the knowledge stock over the set of potential adopters as one 
important factor shaping the pattern of diffusion for a given innovation. The role of the 
stock of human knowledge in innovation adoption is discussed in Subsection 2.5.5, 
where we also touch upon the role of learning processes in innovation adoption.

2.5.1 The Adoption Process

Innovation adoption is a time-consuming process, which is known as the adoption 
process. One of the standard models that has been advanced to account for the adoption 
process, describes it as consisting of five stages: (i) awareness, (ii) interest, (iii) trial, (iv) 
evaluation, and (v) adoption. The process is described as a linear process for expository 
purposes only. Normally, one should think of an adoption process as passing through a 
number of "loops" before the process is closed.

Anyhow, for a conceptual discussion we can accept the standard linear model as a starting 
point. However, even as a conceptual model we think that the standard model has certain 
distinct weaknesses. Firstly, we argue that an adoption process does not stop with a 
decision to adopt but that it consists of, at least, two more stages, namely, adaptation and 
implementation. Secondly, we think that it is important to realize that an adoption process 
might be initiated by either a demand or a supply stimulus. Demand stimuli are generated 
by signals about problems either within an establishment or at its market (including an 
excess demand stimulus) - signals that indicate a need for product and/or process 
development or some other type of strategic action on the part of the establishment or the 
larger enterprise that might control the establishment. Supply stimuli are generated when 
an establishment receives information about the existence of some new technique (new to 

v the establishment) with possible applications within the establishment, or about the 
- characteristics of some new technique whose existence is known but still not in use within 

the establishment in question.

Given the weaknesses of the standard conceptual model of the adoption process, we now 
present an alternative conceptual model containing 8 stages: (i) awareness of a problem or 
a technical opportunity, (ii) interest in solving the problem or using the technical 
opportunity, (iii) search for solutions to the problem or for possible applications of the 
new technique, (iv) trial, (v) evaluation, (vi) adoption, (vii) adaptation, and (viii) 
implementation. Given this conceptual model of the adoption process we now formulate 
the following basic hypothesis: the probability that an establishment will adopt a certain 
new technique (early) depends on: (i) the strength of the demand stimuli, (ii) the strength
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of the supply stimuli, and (iii) the capability of the establishment to carry through product 
and process development, respectively. We may notice that the strength of both the 
demand and the supply stimuli depend, among other things, upon the information 
networks to which the establishment is coupled.

2.5.2 A Conceptual Framework for Analyzing Product and Process Development

The empirical part of this study deals with the adoption of new techniques (innovations) 
in product and process development at the level of the individual establishment (plant). 
We define an establishment as a production system consisting of a number of cooperating 
but partially separable subsystems with great differences in durability. Examples of such 
subsystems are: (i) the employees with their technical, management, marketing, etc skills,
(ii) building capital, (iii) machine equipment and production technique, (iv) set of 
products, (v) distribution systems and market organization, and (vi) administrative 
systems.

We expect every establishment to go through a life cycle that can be summarized in the 
following way (Johansson and Strömqvist, 1980): Under theoretically ideal market 
conditions a new establishment will be 'bom' with a set of products that is well adapted to 
demand conditions, and a production technique that gives the best possible conditions for 
competition during the life-time of the investment.

However, market conditions change over time and the production technique available for 
new production systems becomes more efficient. Hence, a production system ages much 
more rapidly in the economic and technical senses than in a physical sense. The 
productive skills of labour and the capital equipment often have a durability that is longer 
than the economic life time of the production system. Ageing in the economic sense is 
caused, among other things, by the fact that the 'technique' that is determined by the 
existing capital equipment and the production skills of the employees successively 
becomes more and more inferior to that in new production systems.

The different subsystems of an establishment can also be thought of as production 
systems that develop according to a life cycle with an introductory phase, a longer period 
of increasing efficiency due to learning economies and an increasing volume of 
production, i.e. a growth phase, a maturity phase, and lastly, a phase of decline when 
productivity decreases in comparison with the productivity in new production systems. 
By means of investment, the starting point for the decline phase can be delayed. This 
means that a production system of an old vintage is renewed. As the different subsystems 
within an establishment age at different speeds, certain subsystems will have to be 
renewed faster than others. The result of such a gradual renewal process will be that every 
establishment, except the newest, will have a mixed vintage structure. We may also notice 
that the life cycles of the different subsystems are interdependent, which means, on the 
one hand, that the situation in one subsystem may be an impediment to renewal in other 
subsystems and, on the other hand, that renewal in one subsystem may necessitate or, at 
least, spur renewal in other subsystems. Thus, interdependence may delay the adoption of 
a given technique first but then, after adoption, increase the speed of adoption of the same 
or other techniques in other subsystems of the establishment.
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The life cycle position of an establishment as a whole as well as of its different 
subsystems, together with its competitive situation and the competitive strategy chosen, 
determines the need for the establishment to engage in product and/or process 
development, and thus its need to adopt new techniques. Its capacity to meet this need is 
determined by (i) what it has learnt in the past about the use of new techniques in product 
and process development, (ii) the skill profile of its employees, (iii) the level of affinity 
between techniques already in use and the technique that is to be adopted, and (iv) the 
amount of resources available for investments, including R&D etc. In deciding whether to 
engage in development activities or not, the establishment will weigh its need against its 
capacity in the light of its information about available techniques and their characteristics, 
and about the actions of rivals.

The interdependence between different subsystems within an establishment means that the 
exploitation of most new techniques requires changes in many subsystems of the 
establishment. The introduction of a new technique into the production system of an 
enterprise produces imbalances that must be redressed dynamically. Irrespective of the 
subsystem into which the new technique is introduced, it may nonetheless lead to a 
dynamic connective reorganization of several (all?) other subsystems. The micro units in 
our study are machines and components with their attached software which, by means of 
investments, are used to renew the technique used within the relevant subsystems in 
establishments which are our units of observation.

By way of the framework presented here, we want to emphasize the active role played by 
the establishments themselves in the adoption of new techniques. They spend R&D 
resources on the specific adaptation of the new technique itself to the specific 
characteristics of the subsystem(s) in question or on the specific adaptation of the 
subsystem(s) to the specific characteristics of the new technique. In-house R&D seems in 
many cases to be a necessary ingredient in the process of adopting new techniques made 
available by suppliers.

However, an establishment does not act in a vacuum. Rather, it acts as part of a 
complicated network system. It is the network system that conveys information about 
those changes in the market situation that determine the need to engage in product and/or 
process development, about available techniques and their characteristics, about the 
possibilities of recruiting skilled personnel, etc. In a later subsection we will discuss the 
integration of an establishment in the network system but first we will discuss the supply 
stimuli to product and process development generated by the actions of the suppliers of 
the new technique.

2.5.3 The Role of Suppliers of Machines, Components and Software in the Adoption 
of New Techniques

In this subsection we discuss the role of profit-seeking suppliers of machines, 
components and software in the adoption of new techniques by other establishments in 
their products and processes. Developing new techniques, i.e. new machine designs, new 
components and new software and introducing them on the market involves costs and 
risks. In this connection Briscoe et al. (1972, p. 12) perceptively note that
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"The difficulties involved in commercially launching an innovation onto the market are amongst some of 
the most taxing problems with which a company is confronted".

Industrial goods markets have a number of unique features (Webster, 1971). They are, 
for example, characterized by more sceptical and rigorous purchasing procedures than 
consumer goods markets, and, frequently, radically new designs are received with inertia 
and suspicion. Success in such markets is, therefore, dependent upon matching the 
product characteristics and the needs of the individual customer establishment (Lancaster 
and White, 1976). We may therefore assume that the techniques, i.e. the machines, 
components and software supplied often are non-standardized - especially when a design 
is new. This means, for example, that we can expect machines to be tailored to the needs 
of each single customer, i.e. custom-built. Thus a machine of a given design may require 
considerable modification before it can be installed in the user's establishment.

The marketing and selling of new techniques, in particular, can, under these 
circumstances, be expected to be a highly complex operation requiring the exchange of a 
lot of qualified information between the producer and the potential adopter. The producer 
needs a rich network of sales or market channels consisting of producing units, selling 
units, representatives, agents, etc. to establish the high quality contacts with potential 
users needed to handle an exchange of qualified information. We may assume that direct 
contacts between the producer and the potential users are most effective and that the more 
stages there are in the distribution chain, the greater is the risk of problems with the 
information exchange; much valuable feed-back information may, for example, be 
sacrificed.

When possible, it is probably more profitable for the suppliers (producers and sellers) of 
a new technique to concentrate their efforts initially to those markets with which they are 
already familiar and where their old products enjoy a high reputation. With these markets 
as a base, the marketing and selling operations can then be extended to new markets. To 
do this the suppliers must be prepared to provide resources to the creation of information 
channels to build a reputation for high quality products and reliable services. We can 
expect suppliers to be selective in their marketing efforts, trying to reach the most 
profitable establishments that can be expected to have the financial resources necessary to 
be able to adopt new techniques and to take the risks that follow with an (early) adoption 
of new techniques. However, they may also target establishments with unsatisfactory 
profits which may urgently need new effective techniques to improve their profit records. 
We also expect that producers who are introducing new designs on the market will, in 
particular in their early marketing efforts, try to reach prospective user establishments 
with a high skill level to secure high quality feedback information, which is especially 
valuable when a design is new but also, of course, to make sure that the customer actually 
has the capability needed to use the new design in development processes.

In practice, the relationship between the supplier and users as well as potential users is 
probably far more complex than the discussion above indicates (Piore, 1968). The 
supplier, for example, often installs new equipment on the customer's premises and 
frequently trains the customer's personnel to operate it. Many suppliers also offer a 
variety of formal, specialized services, possibly on a permanent basis, as for example, (i) 
engineering consulting, (ii) repair and maintenance services, (iii) operator and craft
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training, etc. It is, in fact, important to underline the significance of the role of the 
supplier in supporting the user establishments with technical services. Actually, in 
industrial goods markets, price is only one part of the services associated with any 
particular design. Where this design is new and unfamiliar, then quality and technical 
service variables tend to assume as much, if not more, importance than market price in the 
eyes of the potential user establishments.

In addition, the relationship between the supplier and his actual and potential customers 
may be extended on an informal basis. The salesman can assume the role of engineering 
consultant, discussing, for example, operating problems with the plant management and 
investigating current problems directly on the plant floor. Actually, it can be profitable for 
the supplier to assist in finding ways of making the actual as well as the potential 
customers' operations more productive and, hence, more profitable, since in this way 
attitudes may be influenced and fuller cooperation achieved. A supplier may also, for 
example, develop the production processes of selected customers to a very detailed level 
and then refer potential users back to these evolved 'optimal1 methods and techniques.

The above discussion indicates that the suppliers of new techniques have an important 
role in generating supply stimuli to the adoption of new techniques. We do not expect 
them to act at random when they promote their products but, in particular, to target 
establishments with well-developed information networks and a good capability for 
product and/or process development, since such a strategy would lead to lower marketing 
costs and lower risks.

2.5.4 Information Networks and the Adoption of New Techniques

The information and communication networks of the individual establishments have a 
central role in the innovation adoption process. A distinction can be made between the 
internal and the external information network of an individual establishment. Our interest 
is focused on the external information networks since it is the external networks that 
transmit information about the existence of new techniques and their characteristics to the 
establishments. The external information network of an establishment consists of a 
number of information channels. Different establishments do not use exactly the same 
information channels and certainly do not use the different information channels to the 
same extent. The use of different information channels by the individual establishment 
might be summarized in terms of an information network profile for each individual 
establishment. The characteristics of this profile will to a large extent determine an 
establishment's level of information about techniques which are new to the establishment 
as well as the quality of that information.

If we look at existing information channels, we observe that some channels are 
specialized in transmitting information about new techniques while others transmit such 
information as a by-product of transactions or other types of contacts between the 
establishment and its environment. An establishment can either passively receive 
information about new techniques from existing information channels or it can actively 
use existing information channels to search for such information. The producers and 
sellers of machines, components and software, on the other hand, use information
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channels to send information about new techniques to establishments that are potential 
adopters. The need of potential adopters to search for information and the need of 
suppliers to send information is exploited by what might be called "information traders" 
who specialize in transmitting information between suppliers and potential users in 
information channels that they operate themselves.

One important characteristic of information channels is that they are built up through 
investments and that they need maintenance to remain operational. Hence the information 
network profile of an establishment has the character of a semi-fixed resource that only 
changes slowly over time.

We now devote the rest of this subsection to identifying a number of information channels 
which can be expected to be particularly important for potential adopter establishments for 
the transmission of information about new techniques:

Channels to suppliers imply direct flows of information from producers and sellers of 
machines, components and software to potential adopters (and, after adoption, a flow of 
information from user to producer or seller). These flows contain information about 
designs that are new to the prospective user and, in particular, high quality information 
about the characteristics of the different designs and their advantages and disadvantages in 
different applications.

Non-commercial channels to other establishments imply flows of information between 
establishments that are not coupled with deliveries of goods and/or services. Included 
here are channels to the nodes where the entrepreneurs and their qualified employees meet 
socially and have an opportunity to exchange information.

Industrial market channels imply flows of information between establishments producing 
production inputs (other than machines, components and software) and establishments 
producing final goods. The information flows are here coupled with flows of goods 
and/or services that are inputs in the production process. Information can, of course, flow 
in both directions.

M arket channels imply flows of information from the market for final goods to those 
establishments that produce final goods. The information flows are here coupled with the 
flows of final goods. The market for final goods consists of one market for consumer 
goods and one for investment goods. These two markets are organized in and work in 
different ways. Direct contacts between the customer and the producer are much more 
common in the market for investment goods than in the market for consumer goods. But 
also within the two types of markets a great variety of organizational forms can be found. 
Therefore, the concept of market channels covers a variety of channels organized 
according to different principles. The volume and the quality of information that an 
establishment can get from its market channels can be expected to increase with the 
number of customers that the establishment has direct contacts with and with the 
geographical extension of the markets.

Channels to owner(s) imply flows of information to the establishment from the 
(dominant) owner(s). The location of the (dominant) owner(s) can be expected to
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determine the volume and the quality of the information sent to the establishment. Much 
of this information will be based on experiences from other establishments controlled by 
the same owner(s).

Channels to headquarters imply flows of information to an establishment from the 
enterprise/company head office. As was the case with channels to owner(s), one can 
expect that the location of the head office is one major factor determining the volume and 
quality of information sent to establishments controlled by the head office. This 
information will, to a large extent, be based on experiences from other establishments 
within the enterprise/company.

Channels to information traders imply flows of information from units working as 
intermediaries between the producers of machines, components and software and the 
potential users. They are not sellers of new techniques but professional organizers of 
information flows and include (i) consultants, (ii) organizers of seminars, courses and 
conferences, (iii) organizers of trade fairs and exhibitions, (iv) publishers of trade 
journals and technical magazines, etc. One of their common characteristics is that they try 
to make a profit out of the producers' need to send information and the potential adopters' 
need to search for such information.

Over the life of an establishment we can expect its network profile to change in such a 
way that when an establishment and its products are young, we expect information 
channels of particular importance for product development to dominate the network 
profile. As die establishment and its products grows older, we expect information 
channels of particular importance for process development to dominate the network 
profile. The mature or declining establishment will be expected to have a network profile 
dominated by information channels of particular importance for sales or market 
promotion.

2.5.5 Human Skills and the Adoption of New Techniques

We noted above that changing market conditions and the introduction of new techniques 
on the market result in an economic ageing of establishments that is more rapid than the 
physical ageing process. The ageing of the establishment leads to a need for renewal 
investments. However, decisions about renewal investments have to be taken under 
conditions of imperfect information. Of course, an establishment may postpone a decision 
to get time to search for more information but when a decision is taken it is always taken, 
with less than full information.

We assume that the "efficient" renewal of production systems under such circumstances 
requires human skills in the form of ability in (i) perceiving that conditions have changed 
and spotting new ideas, new technical solutions, etc., (ii) searching, collecting, 
retrieving, communicating, interpreting, analyzing and evaluating information about 
existing techniques either in use or not, their qualities, the interrelationships between 
product and process techniques, etc but also, for example, information about how 
different techniques suit the demands of the market, and drawing valid conclusions from 
available information, (iii) making decisions, and acting quickly and decisively, (iv)
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experimenting and solving problems of adaptation to actual conditions, (v) dealing with 
the problems which arise, i.e. before the new technique has become standardized, and 
(vi) utilizing the 'learning' potential that is inherent in every new technique.

This means that the skills needed for the renewal of production systems are not just the 
technical skills in science and engineering needed to master the specific technique 
considered but also skills in fields like management, organization, marketing, etc. As a 
technique grows older, we expect it to become standardized and with standardization, the 
skill level needed for adoption decreases.

We assert that the skills needed for the renewal of production systems by product and/or 
process development are, to a large extent, created through formal education and training 
(Wozniak, 1984). The principle that certain kinds of education equip a man to perform 
certain jobs or functions or enable him to perform a given function more effectively seems 
to be almost generally accepted. According to the underlying theory, the 'human capital' 
theory, education enhances an individual's ability to receive, decode, understand, 
process, and evaluate information and to make decisions on the basis of that information. 
This ability is considered important for performing or learning to perform many jobs. The 
human capital approach relating to the diffusion and adoption of innovations was inspired 
by the writings of Schultz (1964), who argued that the introduction of new techniques 
results in a disequilibrium with suboptimal use of inputs and techniques even though 
static resource allocation in production should eventually be efficient

Under the circumstances outlined here, an establishment in its renewal policy also makes 
decisions about investments in its 'human capital' by its recruitment policy and by its 
training policy for its employees. By increasing its stock of human capital, the 
establishment can increase the number of product and process development projects. 
However, an increased stock of human capital can increase the profitability of the total set 
of possible product and process development projects, since a large stock of human 
capital increases the 'learning' capacity of an establishment.

2.6 Principal Conriutions

We assume that enterprises facing competitive conditions have three major strategic 
options: innovative competition, price or cost competition, or marketing competition. For 
a particular type of product the dominating type of competition will normally change over 
time from innovative competition via price or cost competition to marketing competition. 
The major instruments in the competitive struggle are assumed to be product and process 
development and sales or market promotion. Innovative competition tends mainly to be 
associated with product development, price or cost competition tends mainly to be 
associated with process development and marketing competition tends mainly to be 
associated with sales or market promotion. In both product and process development the 
adoption of innovations tend to have a central role. The current study focuses, in 
particular, on the adoption of innovations for product and process development.

Product and process development are inherently dynamic processes which are best 
understood within a dynamic framework. The product life cycle theory offers such a
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dynamic framework. Over the product life cycle, the competitive situation changes from a 
temporary monopoly via oligopoly to pure competition. The theory implies that products 
pass through stages where innovative competition dominates the earlier stages, while 
price competition becomes increasingly more important as the product matures. This also 
means that product development will tend to dominate the earlier stages whilst process 
development, possibly in combination with the relocation of production, will tend to 
dominate as the product matures. Early use of an innovation in product or process 
development by an enterprise will normally require the enterprise to be R&D-oriented, to 
employ highly skilled manpower, and to have well developed communication networks.

The successful adoption of an innovation by one enterprise will generate profit increases 
or cost reductions which attract or force other enterprises to try to adopt the same 
innovation. Hence, the innovation will diffuse among the set of potential adopters. The 
speed of this diffusion process for a given innovation will depend on the characteristics of 
the communication networks that the enterprises are connected to, on the distribution of 
important enterprise characteristics such as the employment of skilled manpower over the 
set of potential adopters, and on supply side characteristics.

Innovation diffusion also has spatial aspects. Which spatial pattern of diffusion - 
hierarchical, neighbourhood, or accidental - unfolds will partly depend upon the 
organisational (including spatial) characteristics of the enterprises, the spatial 
characteristics of existing communication networks, the spatial distribution of economic 
activities, the spatial distribution of factors of production, the characteristics of the 
innovation studied, etc.

However, an understanding of product life cycles and innovation diffusion processes is 
not enough to understand the adoption at the establishment level of innovations that are 
new to the establishment. We define an establishment as a production system consisting 
of a number of cooperating but partially separable subsystems with great differences in 
durability. Even if an establishment is well adapted to existing market conditions and 
available techniques at the moment of birth, market conditions change over time and new, 
superior techniques are made available by suppliers. This means that some subsystems 
will age much more rapidly in an economic and technical sense than in a physical sense.

Each subsystem within a production system ages according to a life cycle of its own but 
also according to the life cycle development of the total production system (i.e. of the 
establishment). If no measures are taken, the production system will become obsolete and 
will have to leave the market. However, it will often be possible to take measures to 
renew some or all the subsystems within an establishment. The renewal strategy to be 
chosen will (given the existing technological knowledge) depend upon the life cycle 
position of the establishment, its capacity to carry out renewal investments in different 
subsystems, its level of information about relevant external factors, and its competitive 
situation. Here we will only pay attention to two types of renewal investments - product 
and process development, respectively.

In the two chapters that follow we will use more formal methods to further our 
understanding of product and process development activities within enterprises 
(establishments). In Chapter 3 we first analyze the choice of technique by enterprises
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within the static framework offered by traditional production theory and then we analyze 
the choice of new techniques within a dynamic vintage framework. The theoretical 
analyses continue in Chapter 4, where we study product and process development within 
a dynamic product life cycle framework.
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3. THE CHOICE OF TECHNIQUE: SOME STANDARD APPROACHES

3.1 Introduction

The empirical part of this study deals with the adoption of new techniques (innovations) 
for product and process development at the level of the individual establishment. In this 
chapter we investigate what light traditional production theory can throw at the adoption 
of new techniques. Thus, this chapter is devoted to the choice of technique within an 
individual enterprise, i.e. decisions about what method of production to use, under the 
assumption of perfect information. Two main aspects of the choice of technique are 
studied, namely, (i) choice of technique on the basis of given technological knowledge 
within the traditional neo-classical framework, and (ii) choice of technique when 
technological knowledge is increased as a result of the invention of new technical 
solutions. One important subject in the literature - the influence of market structure on the 
choice of technique (Kamien and Schwartz, 1975, 1982; Loury, 1979; Soete, 1979; 
Waterson, 1984) - is not discussed, since this subject is not part of the problem 
formulation of this study.

3.1.1  Basic Concepts

In order to advance satisfactorily and logically, any study must proceed within a general 
conceptual framework. To develop such a framework we start by defining certain basic 
concepts used throughout this study.

First we define technological knowledge at a given moment as the total information about 
available techniques or more exactly as the set of all the specifications (in the engineering 
sense) for products and processes. Hence, at any given time, the stock of technological 
knowledge defines the set of products which may be produced and the known general 
processes (and the range of variation within these processes) for making them.

Given our definition of technological knowledge, technological change has the form of 
adding specifications about new techniques to a previously given technological 
knowledge, i.e. the development of ideas into operational form. We term these 
operational ideas inventions. Inventions are specifications of new products and processes, 
which are not obvious for those possessing relevant knowledge at the time of invention. 
An important distinction for present purposes is between what Nordhaus (1969) calls 
product inventions, i.e. the discovery of a new product altogether, and process 
inventions, i.e. the discovery of a new technique for producing an existing type of 
product at a lower unit cost than hitherto achieved.

A new technique, i.e., an invention, when it is applied commercially for the first time is 
called an innovation. Often a distinction is made between product and process 
innovations. Alternatively, when a new process invention is applied for the first time we 
talk about a technical change, i.e., a shift in the production function. Diffusion is the 
process by which the innovation is spread over time to other enterprises and industries. 
Technical change and diffusion together constitute what we call changes in techniques. 
Finally, choice of technique is defined as the process by which techniques are chosen
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from the existing technological knowledge. The technique used for a certain activity at a 
certain moment in a given enterprise is, of course, not only the result of technical 
considerations but also of economic considerations to assure profit maximization (or at 
least cost minimization).

3.1.2 A Production Function Approach

Any well-defined production process with well-specified inputs and outputs could be 
described in a more or less idealized form in terms of a production function or more 
generally a production model, i.e., according to Danp (1966, p.10):

"a system of quantitative relationships expressing the restrictions which the technology of the process 
imposes on the simultaneous variations in the quantities of inputs and outputs".

We now define the production function as a technical relationship expressing the various 
minimum combinations of inputs that are needed to produce a given quantity of output at a 
given technical level. Technology is the operational part of a production function. If used 
with the inputs it specifies, the result will be an output with specific characteristics. In 
mainstream economic theory the concepts technology and production function tend to be 
used synonymously; thus, Koopmans (1951) defines technology as the vector of inputs 
and outputs resulting from the use of an activity at a unit level. What is suggested here is 
that a vector of inputs, plus a vector of actions or operations, leads to an output. The 
vector of operations can be defined as the technique used in the production function which 
creates the output from the inputs. The different production functions may be represented 
as input vectors with fixed input coefficients. By aggregating over subsystems we may 
form corresponding input vectors for the entire enterprise or plant.

The technology of a society is that part of technological knowledge that actually is used at 
a given moment of time. The technology of an enter- prise is that activity or those 
activities actually conducted within the enterprise. We define an enterprise as a business 
unit producing goods and services. It consists of capital facilities and other resources 
combined under entrepreneurial control for the purpose of making a profit. The activity 
(activities) of an enterprise is conducted within one or several production units that we 
name establishments or plants. We assume that for every activity there exists a 
corresponding technique which defines the operations within the activity. The technique 
used in a particular activity can be broken down into a set of sub-techniques, plus a 
hierarchical set of coordinating programs. Correspondingly, activities can be decomposed 
into a set of sub-activities which can be conducted largely independently, plus a set of 
management functions. For each of the sub-activities it is often possible to build a portion 
(all) of the operations and their control into machines. In much of the following 
discussion we make the simplifying assumption that the enterprise consists of one plant 
conducting only one activity and as a result thereof uses only one technique at a given 
moment of time.

To form a solid basis for empirical analysis it would seem useful to com- bine this 
approach with the work of Johansen (1972). His production theory was developed as a 
framework for empirical analysis. His framework is concerned with sectors of production
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where there are many micro units (enterprises or smaller units, e.g. machines) producing 
a fairly homogeneous type of output. Our micro units are machines. The machines are 
organised in production lines (activities) such that the production technique forms a non- 
separable system of machines. Our observation unit, however, is the establishment, 
which consists of several production lines (activities) organized as partially separable 
subsystems. The system of production processes of the enterprise we call plant 
production technique or simply, the technology of the establishment.

Generally, a technology or a technique is not completely describable in terms of a unique 
routine; usually there are options in the program. These options permit some choice of 
inputs and input proportions and some flexibility with respect to operations. The 
operations may be performed in different ways. Some variations in output specification 
may also be possible. The lines between variability within a technology or a technique and 
different technologies or techniques are blurred, but appear meaningful. These variations 
in processes or output determine the degree to which economic efficiency can be 
maintained in the face of varying circumstances (such as changing supplies of different 
primary inputs and of labour and machinery, and changing demand for different product 
variants).

For a technology to be applied to economic activity, three things are needed, (i) workers 
possessing the relevant knowledge, (ii) an organization capable of effectively putting this 
knowledge into action, and (iii) the required material inputs. The role of knowledge 
embodied in the labour force will be discussed in more detail in a later chapter. Besides 
knowledge, the effective operation of a technology also requires competent organization. 
If an activity involves a considerable division of labour, it may be a non-trivial matter to 
co-ordinate and organize the work. A decision-making and control mechanism must 
generally be tailored to that particular technology.

Effective organization requires more than managerial knowledge, since the co-ordination 
requirements are beyond the scope of any one activity and the control of any particular 
manager. There must be effective links with organizations that provide the necessary 
equipment and other inputs, as well as links with customers. These links involve technical 
assistance (reflecting the division of knowledge) and the flow of physical products. The 
effectiveness of this wider organization largely depends upon the laws and institutions 
that determine the kinds of communication, incentives, and constraints which can be used 
to inform or influence people and other organizations.

Finally, the material inputs must be available. If basic raw materials are ignored, the 
availability of the necessary inputs - machinery, components, and materials - depends 
ultimately on whether organization and knowledge can be acquired to produce them.

Technological knowledge and organizational capabilities are the key factors determining 
the long run productive potential of an enterprise or an economy. Considerable time and 
resources may be needed to produce and install machinery and equipment in sizeable 
quantities, however. In the short run, the existing stock of physical plant and equipment 
and knowledge embodied in the labour force is obviously an important factor in 
determining the extent to which a technology can be applied.
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There are four principal constraints, then, to the kinds and quantities of goods and 
services that an enterprise can produce per worker, namely, (i) the stock of technological 
knowledge, which limits the kinds of products enterprises know how to produce, and the 
various associated processes for producing them, (ii) the education, training, and 
experience of the work force, which determines the extent to which this knowledge is 
embodied in people, (iii) the organization of the enterprise and its plant (plants) and of the 
economy as a whole, which determines the effectiveness with which this knowledge can 
be used, and (iv) the stock of physical capital and the availability of natural resources.

Within these limits - and given time to permit human and material resources to be 
reallocated - there is considerable latitude for entrepreneurial choice concerning what and 
how much can be produced.

3.1.3 The Plan of the Chapter

This chapter is organized in such a way that the choice of technique on the basis of a 
given technological knowledge within the traditional neo-classical framework is discussed 
in Section 3.2 and the choice of technique when technological knowledge is increased as a 
result of the invention of new technical solutions is discussed in Section 3.3. The 
principal conclusions drawn in this chapter is presented in Section 3.4.

3.2 Choiceaflcchnique; TteiSeo-dassical Model

In this section we will discuss the choice of technique in the case with given technological 
knowledge within the traditional neo-classical framework. A central assumption here is 
that factor proportions are variable both ex ante and ex post, i.e. we have the case with ex 
ante and ex post substitutability between inputs also known as the putty-putty case, i.e. 
capital is assumed to be perfectly malleable. The neo-classical approach to the choice-of- 
technique issue is presented in Subsection 3.2.1. The limitations of the neo-classical 
approach is discussed briefly in Subsection 3.2.2.

3.2.1 The Neo-classical Approach to the Choice of Technique

In neo-classical theory each economic agent is described as a decision-maker who is 
capable of selecting an optimal decision from a given set of alternatives, contingent on 
each given constellation of prices. In all essence, the economic actor is described in terms 
of a price-response mechanism. Hence, at each time, sets of choice are well defined and 
known to all actors. The actor's role is to choose optimally. In recent models, which treat 
innovation explicitly, a sharp disjunction is assumed between the presently available 
production set, and the set of additional production possibilities, i.e. innovations, that can 
be added to the former set with the expenditure of time and effort (Binswanger and 
Ruttan, 1978). However, innovation, like production, is visualized as choosing from a 
well defined set, with the elements obvious to all. In this framework there is room for risk 
but not for Knightian uncertainty. Neo-classical formalism does not encompass concepts



47

like creativity, insight, or genius. This means that there is no room for entrepreneurship 
within the formal neo-classical framework (Nelson, 1984).

The empirical foundation of the 'neo-classical1 theory of production, as developed by 
Frisch and others, was originally based on studies of agriculture (Frisch, 1965). 
Somewhat paradoxically, the main hypotheses of the micro-theory of the received 
doctrine of the 'neo-classical' theory of the firm have had their most successful 
applications on the aggregate level of directing the allocation of resources in macro 
models.

At the centre of the 'neo-classical' theory is the market system of perfect competition and 
not the firm per se (Cyert and Hendrick, 1972). The concept of a production function is 
associated with a hypothetical institution operating as a single decision-making unit, 
which is usually called a firm or an industry. We use the term enterprise for this decision
making unit. Internal problems of organization, the decision-making process, the capital 
structure of the micro units, the diffusion of new techniques, etc are not within the 
domain of the theory.

The main objectives of the 'neo-classical' theory are to predict changes in the key 
variables: the supply of products and the demand for inputs, when there are changes in 
the only external variables that the decision-making units act on, namely the market prices 
of outputs and inputs (Fprsund and Hjalmarsson, 1987).

The simplest 'neo-classical' approach to the choice of technique assumes substitutability 
between inputs, and a wide variety of efficient techniques available to produce any given 
output. The assumption is summarized in the convex (to the origin) isoquant curve. 
Inputs are assumed to be homogeneous, divisible and unambiguously measurable.

Suppose now that there is one output that an enterprise can produce and N possible inputs 
to the production process. Let x (x £ 0 ) be the amount of output in physical units per
time period that the enterprise produces during a period, and let v lf v2,  v N (vj è 0 ;
j  -  1 ,2  N) be the amounts of inputs in physical units that the enterprise uses during
the same period. The constraints which limit the enterprise's transformation of inputs into 
output can be expressed in the following mathematical relation

(3.1) x -  / ( v lt v N).

Equation (3.1) constitutes the production function of an enterprise, which is free to vary 
its use of the different inputs. Such a formulation is normally seen as valid and relevant 
with regard to the long-run production function. It is a boundary relationship which 
indicates the present limits of the enterprise's technical production possibilities. This is in 
line with Carlson (1956, p.l4f) who claimed that a production function for the enterprise 
can be

"so defined that it expresses the maximum product obtainable from the (input) combination at the existing 
state of technical knowledge".
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Further, the production function (3.1) indicates the manner in which the enterprise can 
substitute one input for another without reducing the total amount of output Points on the 
production function reflect technically efficient operations on the part of the enterprise. 
We assume here that the operations of the enterprise are always technically efficient.

Given the production function (3.1), for any output level x, the enterprise chooses the 
mix of inputs that minimizes cost. Let w* denote the per unit cost of the input, i = 1,
 , N. When the enterprise faces competitive input markets, id* is treated as a constant
independent of the number of units of input t hired. Thus, given that the production 
function (3.1) is continuous, differentiable, and strictly quasi-concave, the cost 
minimization problem for a given output x becomes

(3.3) / ( V !  v N) = 2 ,

where TC denotes total costs. We may represent (3.2) - (3.3) by means of the Lagrangean 
£  such that

(3.4) £  -  TC + *[*-/<▼>],

where A is the Lagrange multiplier and v is a vector (v l f v N). First order conditions 
are given by

(3.5) (a£/av*) -  W t - K f i  -  o ; t -  i ,  N; / *  -  a //a v t > o,

(3.6) (a s/a * ) -  2 - / ( v )  -  o.

The first order conditions in (3.5) - (3.6) will represent a local minimum if the second 
order condition for f tj  -  a/* /avj  given by (3.7) - (3.8) is satisfied

N

i = 1

subject to

N N

( -W i jh ih j iO
i = lj= 1

for all h -  (h l f    fcN) with some h* + 0 such that (3.8) is satisfied

N

(3.8) £ f thi=0.
i= 1

The assumption that /  is strictly quasi-concave implies that the second order condition is 
satisfied.
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We note that the first order conditions imply that

(3.9) (Wi/v>j) -  Cf i / f j ); t, J -  l f    N.

Hence, given a cost minimizing choice of non-negative amounts of inputs, the ratio of 
marginal products of any two inputs equals the ratio of their per unit costs. In our current 
framework a choice of input proportions is the same as a choice of technique.

Given our assumptions, the first order conditions can in principle be solved to obtain the 
solutions

(3.10) v* -  vt(wi9. . . ,  taN, 2); i -  1 N

(3.11) -  Mv>t, . . . ,  tt>N, 2).

The Vi functions, i.e. the conditional factor demand functions, then determine how the 
use of inputs varies under cost minimization, given variations in input prices and the level 
of output. It can be shown that A can be interpreted as marginal cost, so that the X function 
determines how marginal cost reacts to changes in outputs and the prices of inputs. To 
determine the properties of the vt functions, differentiate the first order conditions totally 
to obtain

(3.12) dwt -  * f i  jdvj - f i d  A=0; i = 1.........N
J =1

N

(3.13) dx -  y£ if idvi = 0. 
i= 1

In matrix form, this becomes

(3.14) dvj = dv>i
.d x  .

Let 

B = * f i j  f i

and assume that in

A = f i j  f i
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order bordered principal minors have sign ( -  l)t_ 1 , i -  2 , . . . ,  N, which implies that 
the same holds for B, since h. > 0 .

Let A -  IB I and let A*j be the cofactor of the element in row i, column j  of B. Since | B | 
+ 0 , B“ 1 exists. Solving the system of equations, we obtain

(3.15) dvi =(1/A) Ajt AN+l,t dtOj
. dA. Aj, N+l a N+1,N+1. . dx .

Hence

N

(3.16) dvt = (Aji/A)dWj  +(AN+lft/A)dx,
J =1

N

(3.17) df\ = ]jr (Ajf n+i/A )dwj + (AN+lf N+1/A)dx.
J= 1

Thus

(3.18) (dVi/dwj) -  (Ajt/A).

The matrix

(3.19) [3vt/3tDj] m [Aji/Al; t, J -  1, . . . , N

is negative semi-definite of rank N - 1. Thus it follows that

(3.20) O vt/3u>t) -  (Att/A) < 0; i -  1, . .  . , N,

With output at a fixed level, an increase in the price of the tlh input leads to a decrease in 
the number of units of the input employed, i.e. to the choice of another technique. As 
the sign of (3v 4/3idj) (j f  t) is generally unknown, we cannot, without further 
assumptions, predict what will happen to the employment of the other inputs except in the 
case of two inputs, where the employment of the second input increases when the price of 
the first input increases to keep output at its predetermined level.

In summary, the case with both ex ante and ex post substitution regarding the choice of 
technique gives the enterprise full freedom, even in the short-run, to adapt the technique 
in use to changes in input prices. With this model, the choice of technique is reduced to a 
problem of solving (3.2) - (3.3).
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3.2.2 Limitations of the Neo-classical Approach

The full implications of this kind of production theory are that all production units in long- 
run equilibrium are of the same size and all should produce at a technically optimal scale 
using the same technique and with zero pure profit. The traditional 'neo-classical' theories 
of production and of growth with their assumptions of smooth substitution possibilities 
and choice of optimal scale are a suitable tool for the analysis of the long-run 
development of the industrial structure for the economy as a whole. On the other hand, 
they are not a suitable tool for the analysis of short-run or medium term questions 
connected with the industrial structure within an industry. The distribution of input 
coefficients or plant sizes are aspects of the structure of an industry. Problems such as the 
process of structural change within industry, where enterprises or plants differ in size, 
technique, or structure with regard to input coefficients and where plants become obsolete 
when, for example, market size increases, a non-proportional factor price development 
takes place or embodied technological change occurs, cannot be properly analyzed within 
the 'simple' neo-classical framework outlined above. It is actually meaningless to talk 
about the structure of an industry in the 'simple' neo-classical world of smooth 
substitution possibilities and choice of capacity (Hjalmarsson, 1973; Fprsund and 
Hjalmarsson, 1987).

Structure is not an interesting and useful concept without a certain stability, inertia or 
clayishness in the capital structure of an industry and changes in structure should not be 
without cost. Without inertia or immobility, no structural problems or problems 
concerning the diffusion of new techniques arise.

An analysis of industrial structure requires a dynamic theory of production that 
incorporates inertia in the capital structure. Depending on the degree of inertia in the 
capital structure, various models can be formulated. One of the most important models 
generating stability and inertia in the capital structure is the vintage model which is 
discussed in the following sections.

3.3 ChoiccQt l echnique; The YintageModel

In this section we will discuss the choice of technique for the case in which technological 
knowledge is increased as a result of the invention of new technical solutions. We start 
the discussion in Subsection 3.3.1 by studying the adoption of new techniques at the 
micro level and then in Subsection 3.3.2 we introduce the case with ex ante 
substitutability and ex post non-substitutability also known as the putty-clay case. We 
then proceed in Subsection 3.3.3 by making a distinction between embodied and 
disembodied technological changes. We are then in Subsection 3.3.4 in a position to 
introduce the so called vintage model, which is characterized by ex ante substitutability 
but ex post non-substitutability and by embodied technological changes. In Subsection
3.3.5 we present the basic model for the description of structure developed by Salter 
(1960) on the basis of the vintage model. The choice of technique in a vintage framework 
is discussed in Subsection 3.3.6. The last part of this section - Subsection 3.3.7 - is 
devoted to a discussion of economic efficiency and inefficiency.
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3.3.1 Adoption of New Techniques at the Micro Level

Given that new techniques are forthcoming, it seems natural to examine the following 
question more closely: When should an enterprise change technique in one of its plants, 
i.e. replace an old technique with a new technique?

To answer this question, let us suppose (i) that the product price is constant, (ii) that the 
input prices are constant, (iii) that the old plant has no scrap value, (iv) that a change of 
technique can be made without costs, and (v) that the scale of production is unchanged.

We now introduce the following notations:

x k denotes the volume produced of product using technique k (fc-0 , 1,...., /),

v denotes the volume of different variable inputs t (t- 1   m) used in those
production processes using technique k,

The production model for a single-output process using technique k can now be written as

and where 1 2 M 2 m. Instead of a single-equation model we here use a production 
model consisting of M equations / r . The reason for this is that we want to include cases 
where some of the v's are related by technological subsidiary conditions so that there are 
fewer than m independent input variables, or where the quantities of certain inputs 
consumed are uniquely related to the amount of output produced. Here we ignore the 
possibility that joint production might exist.

We also have the following capacity restrictions:

(3.22) x k 2 X* and vsk 2 Vs* ^

where v sk represents some input with limited availability and where X* denotes the 
(maximum) capacity of the plant (or process). The production model is only defined for 
non-negative values for xk and vt*, so we have

(3.23) xk ii 0 and £ 0 .

If maximum profit is the criterion for optimal allocation, the short-run problem facing an 
entrepreneur is to maximize the following profit function:

(3.21) xk -  / r*(v {k vm*) ; ( r - 1 ,  M)

(3.24) T\kxk -  pkxk- c k(xk) ; xk 2 X*,

where

(3.25) ck(xk) -  'Liaikxkqik\ atkxk -  vtk and atk è 0 ,



53

and where
it* = profit per unit produced using technique k,
p* = product price using technique k,
c* = the cost function of technique k ,
a t* = input coefficient for factor i using technique k, and
q tk = the price of factor i when technique k applies.

Under these circumstances a change of technique from technique 0 to a technique 1 will 
take place if

(3.26) tt° < IT1,

provided that the technical change can take place without set up or investment costs. In 
this case (3.26) can be expressed as

(3.27) l i a f y i  >

This means that the change o f technique is cost-saving. If a change o f technique also 
involves a change in the scale of production, the condition (3.26) becomes insufficient 
and instead we get the condition

(3.28) tt°x° < it lx 1 or it0 < TT1 and X° £ X *.

We also consider the case where a change o f technique involves investment costs. In this 
case we have the condition

(3.29) tt°x° < v 1x 1- o r ( a ° , a 1),

where 0 = price per investment unit (periodized with regard to technical lifetime) and 
r(a ° , a 1 ) = the investment volume for a change from technique 0 to technique 1.

However, if  we follow the product cycle theory, the price o f an innovation, i.e. a new 
technique, will fall as the innovation becomes mature and can be produced by more 
standardized techniques or as a result o f learning in the supplying industry. This means 
that we have

(3.30) 0 *  0ft) and ae/dt  < 0,

where t = time. For a given enterprise, this means that a change o f technique which is 
unprofitable at time t { might be profitable at time 12 > 11.

We must also consider the case in which the enterprise must retrain a number o f  
employees (N j) and/or recruit new employees (N2) to be able to handle the new technique 
properly. If the cost o f retraining one employee is c j and the cost o f recruiting one 
employee is c 2 then we have the following condition for adopting the new technique 1 :

(3.31) iT0x 0 < T T ^ - o r t e 0, a 1) - c 1N 1- c 2N2.
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Let us now return to the beginning and change the assumption about the product price. 
We now assume that, due to improved quality, a change of technique results in a rise in 
the product price,i.e. p° < p 1 In this case the condition for a change of technique is

(3.32) p°-'Ziai0qi <

which means that a change of technique can take place even at the expense of increased 
input coefficients. If, on the other hand, the scale of the new plant is bigger than the scale 
of the old plant, then the construction of a new plant may lead to an increase in the supply 
of the product on the market with a resulting fall in the product price. In that case input 
coefficients must be reduced, if a change of technique is to be profitable.

Thus far the discussion in this subsection has been based on the assumption that the 
choice of technique is limited to the choice between one old and one new technique. It 
would perhaps be more realistic to discuss the case where a choice can be made between 
at least two new techniques to replace the old one.

If we start with the case in which the scale of production is the same for the two 
techniques, the enterprise will prefer technique 1 instead of technique 2 , if

(3.33) I < I

If there is a difference in the scale of production, then the enterprise will prefer technique 
1 instead of technique 2 , if

(3.34) it Ix 1 > it2x2; x !-X 2

We should observe that (3.34) like (3.28) is a partial criterion, since no alternative use of 
investment resources besides technique 1 and 2 are considered. When considering an 
adoption in the case with more than one technique, the enterprise will be influenced by the 
relative input prices to choose a technique that economizes on the more expensive inputs.

3.3.2 The Case with Ex Ante Substitutability and ExPost Non-substitutability

During the last three decades production theory has developed in a partially new direction 
with more emphasis on the aggregate structure of the micro units of an industry. A 
cornerstone in this development is 'Production Functions' by Johansen (1972), in which 
he develops a dynamic theory of production through an integration of micro and macro 
and of short-run and long-run aspects. The result is a production theory embracing the 
development of a whole industry producing a homogeneous output (Fprsund and 
Hjalmarsson, 1987).

The crucial assumptions concern substitution possibilities with regard to factor 
proportions and capacity, i.e. full substitution possibilities ex ante but fixed coefficients 
and capacity ex post. The case of ex ante substitutability and ex post non-substitutability 
is developed in Johansen (1972). There Johansen makes a reformulation of the 
production function concept in such a direction that differences between plants within an
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industry can be given a meaningful interpretation. According to Johansen, the basic 
assumption in production theory should be changed in a direction which explicitly 
assumes the existence of a spectrum of possible choices of techniques when investments 
in new machines and plants are to be made while the techniques in plants in use are 
characterized by a high degree of clayishness. Thus, we should assume substitutability ex 
ante but fixed factor proportions ex post. The extreme case of full ex ante and zero ex post 
substitution is called the putty-clay model. Using this approach, Johansen makes a 
distinction between four different production function concepts: (i) the ex ante function at 
the micro level, (ii) the ex post function at the micro level, (iii) the short-run macro 
function, and (iv) the long-run macro function.

Our discussion here will be restricted to the first two concepts and we start with the ex 
ante function at the micro level. This function describes the technological possibilities 
when a new production unit (plant, process, machine, etc.) is to be established. It 
comprises the relevant technological knowledge at a given moment and it includes ‘all 
possible designs*.

When describing a new production unit, we consider capacity and factor use at full 
capacity rather than actual output and inputs as in a traditional production function. In a 
situation with only two inputs, we assume that the possibilities of choosing ex ante can be 
described by the production function:

(3.35) X

where
X = capacity (measured by maximum output) of the new production unit;
v i = input of factor No. 1 when the unit is operated at full capacity;
v 2 = input of factor No.2 when the unit is operated at full capacity;
fc = amount of capital invested in the production unit.

We assume that 4> has traditional characteristics in the form of continuous substitution 
possibilities between the different inputs (including capital). We may also assume that an 
optimal scale exists, i.e a level of capacity x at which inputs per unit of output at full 
capacity operation are lower or at least not higher than for all other capacity levels. The 
essential point is that there is something which restricts the size of each unit to be 
established so that we get a number of production units in the sector under consideration 
(Johansen, 1972).

We now turn to considering the ex post function at the micro level. This function 
concerns a production unit that is already established, i.e., specific values have been 
chosen for £, ? lf ? 2, which has resulted in a given production capacity, x. These are no 
longer variables. This means that when the decision is taken and the equipment is 
installed, the enterprise can no longer take advantage of substitution between inputs at the 
machine level. However, if a subsystem consists of machines from different ex ante 
production functions that can do the same job and if production is below the capacity 
limit, some advantage can be gained from substitution possibilities, when allocating jobs 
between different machines.
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Johansen (1972) assumes that the production possibilities ex post can be described in the 
following way:

0 S x S 2 , production capacity,

Vj -  « i p ,

v2 -  (?2/2>x “  Ì 2X>

i.e., actual inputs are needed in the same proportions as at full capacity utilization. 4 j and 
4 2 are input coefficients. They are variables ex ante but fixed coefficients ex post. Ex ante 
we have:

(3.36) X -  *(4ix,  42x»

If v ! and v 2 instead of denoting inputs actually used denote the volume of inputs 
available, the following inequalities must hold:

vt £ i{x, t -  1, 2 ,

and the production function can be written as:

(3.37) X  -  m t n [ ( v ( v 2/42>* *!•

If we try to summarize the putty-case we can say that at the moment of investment the 
entrepreneur makes a concrete choice of production equipment and the shape of the 
production process. Such a choice, ex ante, is a choice of input coefficients and a choice 
of a given quotient between the input of labour and of amount of capital at full capacity 
utilization. Hence, we can say that the entrepreneur chooses an ex post production 
function that is impossible to change without further investments. It is this requirement as 
to new capital investments to change the production process that creates rigidities in the 
adaptation and transformation of the production processes. The importance of these 
rigidities must be appraised against the background that the entrepreneur makes his 
decision under uncertainty concerning future prices, wages, capital costs, etc. To choose 
a technique that minimizes costs over the life of a production unit, it is in this case not 
enough to consider input prices at the moment of investment. A rational decision-maker 
must also consider the (expected) input prices over the entire life of the production unit 
(Fprsund and Hjalmarsson, 1987).

3.3.3 Embodied versus Disembodied Technological Changes

A major distinction must be made between embodied and disembodied technological 
changes. According to Burmeister and Dobell (1970, p.66) technological change is 
disembodied if,

"independent of any changes in the factor inputs, the isoquant contours of the production function shift 
inward toward the origin as time passes".
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This is often referred to as technological change of the 'manna from heaven' type. When 
technological change is disembodied existing labour and existing capital is used to 
produce more of the same product (Heathfield and Wibe, 1987).

Embodied technological change comprises improvements that can be introduced only by 
investment in new equipment and skills, with old equipment left unenhanced. In this case 
Burmeister and Dobell (1970, p.66) describes the new technology as "built into or embodied 
in new capital equipment or newly trained (or retrained) labour".

The possibility of embodied technological change has two important consequences: (i) the 
efficiency of production will depend not only upon the current state of technological 
knowledge, but also upon the rate of investment in new machines, and (ii) it is no longer 
possible to regard all capital as the same since particular pieces of capital now embody 
particular techniques (Heathfield and Wibe, 1987). Capital being no longer homogeneous 
it becomes necessary to index it in some relevant way. The obvious index is its date of 
installation since, presumably, it embodies the best practice technique of the year. This 
gives rise to the Vintage" capital stock concept: capital inputs are disaggregated into 
vintages with older vintages having less efficient input combinations than newer vintages. 
We discuss models built upon a vintage capital concept in the next subsection.

3.3.4 The Vintage Model

We now turn to the vintage model. In the vintage model varying factor prices, embodied 
technological change and demand changes generate many different kinds of efficient 
techniques. These different efficient techniques embodied in capital goods are called 
vintages. A unit of capital goods of a given vintage will provide a certain capacity to 
produce output, and given the putty-clay assumption require fixed amounts of current 
inputs per unit of output (input coefficients) to produce it, and these characteristics remain 
unchanged throughout the life of the capital goods. Technological change means that in a 
technical change capacity of a later vintage will always be more efficient, than that of older 
vintages.

One of the advantages of this model is that it brings obsolescence of capital, i.e. the 
erosion of quasi-rents through the competition of newer and more efficient plants, into the 
analysis. Even if capital goods last for ever, as far as their physical characteristics are 
concerned, they may, and will, become economically useless, not because they wear out, 
but because they become incapable of covering their costs and of earning positive rents as 
competition reduces the price of the output produced. This factor was excluded from the 
earlier 'neo-classical' models, even in the presence of technological change, because all 
capital goods, old and new alike, share equally in technological change. Since all capital is 
assumed to be homogeneous, either none or all will become obsolete.

The innovation of the capital-vintage model of the Johansen-type was actually to 
recognize the fact that both capital intensity and technology are essentially fixed in the case 
of existing machinery, but remain subject to choice for the new capital vintage. The model 
assumes, however, that whatever that choice may be, each new investment vintage is 
technologically uniform.
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The whole structure of capital goods with regard to the capacity and productivity of 
current inputs (input coefficients) is brought into the picture in the vintage model. Usually 
we think of structure in connection with inertia in the capital structure of an industry. The 
enterprises cannot change the productive capacity of their existing equipment and 
buildings without cost. In the case of embodied technological change and changing input 
prices, for example increasing real wages, it takes time and investments to transform a 
capital stock, which, for example, is appropriate for labour-intensive production into one 
appropriate for less labour-intensive production. The structure of capital goods generates 
a profile of quasi-rents analogous to the rent of land in Ricardian theory. The quasi-rent 
for a piece of capital is defined as the economic surplus after deduction for current 
operating costs. At any time, older capital is earning a lower quasi-rent per unit of 
capacity because it pays the same wages and other operating costs but has a lower 
productivity of current inputs. Normally, real wages rise over time because of 
technological change and the competition from newer and more efficient plants. The wage 
bill of an old plant will rise as will its other operating costs due to wear and tear and its 
quasi-rent will diminish. Eventually, it becomes the marginal no-rent plant. If the real 
wage rises a little, this plant goes out of business. It has become obsolete because of the 
rising operating costs which have rendered it incapable of covering its own variable costs 
of production.

As the vintage model was first developed in macroeconomic growth theory, we will also 
briefly look at the putty-clay growth model (Johansen, 1959; Solow, 1962; Phelps, 
1963). This model successfully combines microeconomic investment theory and growth 
theory. However, the model presents a highly complicated structure because there is no 
longer a meaningful stock-of-capital concept whose numerical magnitude can be studied. 
But the long-run properties of the steady state development are similar to those of the 
standard 'neo-classical' models. In the steady state, the economic lifetime is constant; 
each successive vintage of capital becomes obsolete after T years of operation. Outside the 
steady state, the economic lifetime varies from one vintage to the next (Fprsund and 
Hjalmarsson, 1987).

In this study we are not so interested in the long-run behaviour of a putty-clay model. 
Instead we are more interested in short- and medium-term properties outside the steady 
state. More specifically, we are interested in different aspects of the diffusion of 
innovations in theoretical models as well as in the empirical analysis of the diffusion of 
different applications of information technology. Thus, our study is not so much related 
to the putty-clay growth theory at the macro level but to the dynamic micro-economic 
investment and production theory at the industry level (Salter, 1960; Johansen, 1972).

In such an approach the distribution of plants in a space of capacity and input coefficients 
will be of central importance and differences between plants within such a distribution 
becomes natural. The emphasis is on embodied technological change, leading to different 
vintages of capital and a gradual transformation of the structure over time. The main ideas 
were proposed in Johansen (1959), and developed in Salter (1960) with the distinction 
between 'best-practice' and average-practice productivity. Studies of frontier or 'best- 
practice' production functions based on data for micro units combined with studies of 
productive efficiency have also, to some extent, replaced the traditional average 
production function estimations usually carried out on highly aggregated data.
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This study springs from this tradition. Some of the theoretical and much of the empirical 
analysis is concentrated on various aspects of the diffusion of new techniques with 
individual plants or subsystems of an establishment as the micro units.

3.3.5 Salter’s Basic Model

Over a long period a number of empirical studies have shown that there are often great 
differences in efficiency (measured in various ways) between plants in the same industry 
(Downie, 1958; Salter, 1960). These differences might possibly be explained by 
variations in the techniques employed. One of the most detailed early studies of these 
issues was made by Salter(1960). Among later studies one may especially note Johansson 
and Strpmquist (1980) and F0rsund and Hjalmarsson (1987), who use Swedish data.

In analyzing the delay in the utilization of new process techniques and its relationship to 
movements of productivity, prices and costs, Salter(1960) found it helpful to set up a 
highly simplified model based on the following principal assumptions: (i) new techniques 
require new specialized capital equipment, (ii) plants are integrated and indivisible fixed 
complexes of capital equipment which embody the 'best-practice' technique of their 
construction date and cannot be adapted to any other technique, i.e. no piecemeal changes 
of individual pieces of equipment and machinery within the plant can take place, (iii) 
perfect competition in factor and product markets is assumed, e.g., that all enterprises are 
perfectly informed about available techniques, (iv) all plants work at 'designed normal 
capacity1, and (v) all plants are homogeneous apart from differences in techniques, e.g., 
managerial efficiency are equal in all plants.

According to Salter, an industry may be viewed as a number of plants embodying 
techniques ranging from the most modem plant (or plants) embodying the current 'best- 
practice' technique, to the oldest plant still in use, which embodies the 'best-practice' 
technique of an earlier date, and which is now outmoded. In this theoretical world, the 
plants in a given industry may be represented as in Figure 3.1. Operating costs per unit of 
output are measured on the vertical axis and output on the horizontal axis. xt is the output 
capacity of plants built in period t , and AC is their unit operating cost. These plants are 
the newest and incorporate 'best practice' techniques. Similarly the plants built in period 
t - 1  have unit operating costs of AE. The oldest plant produces output x t„n at a unit cost 
equal to AD. Each block therefore represents the total operating costs for each plant (or set 
of plants) built in a given period, operating at normal capacity.
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Figure 3.1 The Salter Diagram.

Technical change over time (via process innovations in the industry) is illustrated by 
falling unit operating costs. This fall is made possible by the adoption and diffusion of the 
innovation and the fact that newer plants are likely to have lower repair and maintenance 
costs. In this model we might say (Salter, 1969, p.52), that

"the plants in existence at any one time, are, in effect, a fossilised history of technology over the period 
spanned by their construction dates".

It is possible of course that this fall in operating costs could be lessened or even reversed 
by the existence of a 'learning effect' in older plants, although there is some evidence to 
suggest that this effect may not be of major significance in establishing a productivity 
differential between new and existing plants (Gregory and James, 1973). However, in 
Fprsund, Hjalmarsson and Summa (1986) we can observe a considerable learning effect 
in the Finnish brewery industry.

The great strength of Salter's basic model as with other vintage models is that it illustrates 
that it is perfectly rational for entrepreneurs to use old technology even when new best- 
practice techniques exist.

3.3.6 The Choice of Technique in a Vintage Framework

In this subsection we examine the choice of technique in an industry in a vintage 
framework. In this model framework, neither demand nor supply adjusts instantaneously; 
only as time goes by does the agents of the economy learn the nature of new opportunities 
and acquire the capability to take maximum advantage of them. In such a dynamic 
economy, the choice of techniques has three dimensions:
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* The first dimension is time - at what moment in time is the decision made to change or 
maintain the present technique?

* The second dimension is level - at what scale is a technique to be operated?

* The third dimension is composition - what technique is actually chosen?

The three dimensions combine to yield determinants of the level and composition of the 
desired gross investment and capital stock at a given moment in time.

We start, however, with the decision to scrap old capacity. As far as the decision to scrap 
is concerned, it will pay enterprises to abandon existing plants, i.e., techniques in use, 
whose revenue is not sufficient to cover their operating costs and to provide a normal 
return on the present value of the site and working capital. These latter two factors come 
into picture because they may have alternative uses. Where a plant has a resale or scrap 
value, the plant's revenue would also have to cover the return obtainable on this amount.

Depreciation calculations, however, are not relevant to this scrapping decision since, once 
'free' capital has been converted into a physical form embodying a given technique, there 
is no possibility of reversing the process (except in so far as an individual enteiprise may 
be able to resell or obtain a scrap value for its plant). Thus for the individual entrepreneur, 
specific capital costs incurred sometime in the past should not enter into his decision 
whether or not to scrap his plant, i.e. 'bygones are bygones'. Costs resulting from 
physical wear and tear will, of course, be included in the operating costs.

The relevant factors to be taken into account when a new plant incorporating an 
innovation is planned are, however, different. Many innovations can be used in a wide 
variety of ways and whether, and to what extent, they will have an advantage over 
existing processes will differ from case to case. In some uses the new process may 
perform a function that others cannot. The demand for a new process depends (i) on how 
effectively it competes with existing processes, and (ii) also on the demand for the new 
functions it performs.

While many process innovations require less of every kind of input than the equipment or 
process they replace, many others do not. Thus, the attractiveness of a new machine 
depends partly on its price and partly on the costs of the inputs it uses relative to the 
inputs used by the machines it directly replaces.

In an ex ante evaluation, anticipated revenue would have to cover both operating and 
capital costs before it would be profitable to build such a plant. Thus while (past) capital 
costs are irrelevant to a scrap/operate decision relating to an existing plant, they must be 
taken into account when deciding whether to install a new plant either as a replacement for 
an old plant or as additional capacity. It will not pay an enterprise to replace an existing 
plant with a new one unless the former’s operating costs exceed the capital and operating 
costs of the latter.

There is however one proviso to the replacement rule outlined above: in a case where a 
major technological breakthrough is expected it may pay a firm to postpone replacement in
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order to gain the advantages of later developments. Given this proviso we might say that, 
given perfect competition, the range of techniques in existence is defined either by the 
condition that plants are not scrapped until their operating costs (labour plus materials, 
etc) per unit of output equal price, or by the condition that replacement of old capacity or 
investment in new capacity will not be profitable until their operating costs equal total 
costs (including amortization and interest) of a new plant.

In a competitive system the output price will eventually fall to a level where only the 
operating and capital costs of the newest plant are covered. For example in Figure 3.1 
price will fall to D, where the latest plant (with output xt) just covers its operating and 
capital costs (AC and CD respectively). Plants within output class x^_n will be the 
marginal plants, with price approximately equalling operating costs. All other plants will 
be making some contribution to capital costs, since price is higher than operating costs. 
Now, say a new plant of capacity xt+ j with different techniques and operating costs of 
BF and capital costs of FG becomes available. Enterprises attracted by excess profits (D- 
G) will build new plants, and price will eventually fail to G as output expands. But plants 
within output class xt_n will no longer cover their operating costs and will be scrapped.

To summarize, we might say that the appearance of a new 'best-practice' technique, i.e. a 
process innovation, has the following effects: (i) the output of the industry is expanded 
until price falls to equality with the total costs of plants employing the new technique and 
(ii) older existing plants are scrapped or replaced until the operating costs of the oldest 
remaining plant (or plants) equal the new level of price and ’best-practice' costs.

A flow of new 'best-practice' techniques leads to a series of such equilibria (which 
combine both short- and long-run elements) and so trace out the path over time of output, 
costs, prices and productivity. This simple model, which provides a basic framework for 
the analysis of productivity movements, is based on the two well-known principles: (i) 
that capital equipment in existence earns rents in a manner analogous to land and (ii) that 
employing all new techniques, irrespective of whether they are more or less mechanized 
than their predecessor, requires an investment outlay.

If investment is required to utilize new methods of production, then the rate of adoption is 
also determined by the rate of replacement investment. The rate of replacement investment 
is a function of the relative prices of labour and real investment and, from the point of 
view of the economy as a whole, relative supplies of labour and real investment. 
According to Salter, this relationship may be regarded as an extension of the marginal 
productivity approach where not only the degree of mechanization of 'best-practice' 
techniques, but also the rapidity of adjustment to such techniques, depends upon the 
relative prices of labour and real investment. The gap between actual and potential 
technical progress is not therefore a reflection of economic 'efficiency', but arises out of 
basic characteristics of an economy as reflected in standards of obsolescence.

An industry may change its output both by constructing new modem capacity, and by 
scrapping existing capacity. Price forms the link between these two margins, and the 
basic relationship is:
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Price = total costs of expansion by means of marginal new capacity,
= operating costs of marginal existing capacity.

This relationship combines conventional long- and short-run equilibrium conditions, 
linked together by the conditions for replacement and scrapping. 'Total costs’ for new 
capacity must, according to Salter, be understood to include the high rate of gross profit 
expected from a modem plant in its early years of operation.

Variations in working capacity may be easily introduced into the model. Their most 
important effect is to add to the scrapping criterion the condition that short-run marginal 
costs equal average operating costs in the plant, thereby ensuring that plants are scrapped 
when they cannot earn a surplus at any level of capacity utilization.

New 'best-practice' techniques impinge upon the total costs of marginal new capacity and 
lead to an expansion of output, a fall in price, and scrapping or replacement of existing 
plants. Since it is the total costs of best-practice plants (which approximate the normal 
concept of long-run costs), the paradox emerges that price and output movements 
resulting from technical change may be approximated by a series of conventional long-run 
equilibria even though the industry as a whole is never in long run equilibrium.

It may be noted that the vintage approach with embodied technological knowledge 
provides a very clear dividing line between technological changes and technical changes 
that contrasts sharply with a perfect competition approach of full substitution possibilities 
both ex ante and ex post. In the latter case this distinction becomes rather meaningless.

3.3.7 On Economic Efficiency

The concept of industrial structure is a natural starting point for a discussion of economic 
efficiency. In the 'simple' neo-classical approach with smooth ex ante and ex post 
substitution and zero adjustment cost, it is impossible to define a meaningful concept of 
structure. However, having accepted the idea that economic development over time 
creates a structure of, for example, input coefficients, we are immediately faced with 
questions about whether this structure is an example of economic inefficiency or not. In 
Sub-section 3.3.1 we introduced the distinction between the ex ante and the ex post 
production functions at the micro level introduced by Johansen (1972). One can say that 
that the main purpose with studies of micro relationships is to make comparisons between 
the efficiency of different production units within industries or product groups 
(Johansson and Strömqvist, 1980). Models and measurement methods have been 
developed since the late 1950's with Farrell (1957) as precursor (F0rsund and 
Hjalmarsson, 1974).

In the following we start by giving a theoretical presentation of some static 
efficiency/inefficiency concepts (F0rsund, Lovell and Schmidt, 1980) and then we 
discuss the use of such measures in a dynamic setting of structural change based on a 
putty-clay production structure and embodied technological change.
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Let us consider a ’price-taking’ enterprise using N inputs

(3.38) v s  (v j   v Nr,

supplied at fixed prices

(3.39) to *  (wl f  to^Y > 0 ,

to produce a single product x that can be sold at a fixed price p > 0 . Efficient production 
is characterized by the production function /(v ) , which shows the maximum output that 
can be produced by various input vectors.

Under certain regularity conditions (Diewert, 1982) an equivalent description of efficient 
production is given by the cost function

(3.40) c(x, to) -  mtnv (u>'v|/(v) ë x, v ë 0 ),

which shows the minimum outlay needed to produce volume x at input prices v>. A 
vector of cost minimizing input demands can be obtained by applying Shepherd's lemma 
as

(3.41) v(x, to) -  V wc(x, to), 

given that

(3.42) V wc(x, to) »  [dc(x, tolf ...... dc(x, tou  wN)/awN]',

exists.

Under certain regularity conditions a third equivalent representation of efficient production 
technique is given by the profit function

(3.43) v(p, v>) *  maxXtV{ p x - to'v[/(v) ë x, v £ 0 , x ë 0 ),

which shows the maximum profit attainable at output price p and input prices to. A vector 
of profit maximizing output supply and input demands can be obtained by means of 
Hotelling’s lemma as

(3.44) x(p, to) = itp(p, to), 

and

(3.45) v(p, to) *  -  V wT\(p, to),

provided that the derivatives exist. When /  is defined as a frontier production function, 
c(x, v>) and it(p, to) are typically referred to as cost and profit frontiers, respectively, 
since they describe the efficient producer's optimizing behaviour and thus place limits on 
the possible values of their respective dependent variables.
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Let us now assume that we observe an enterprise with a production plan (x°, v°). Such a 
plan is said to be technically efficient if x° -  / (v ° )  and technically inefficient if x° < 
/(v ° ) .  One measure of the technical efficiency of this plan is given by the ratio 0 2 
x ° //(v ° )  2 1 . Technical inefficiency is due to excessive input usage and implies that 
cost is not minimized and profits not maximized.

The plan (x°, v°) is said to be allocatively efficient if / t ( v 0) / /  j(v°) -  j, and 
allocatively inefficient if /* (v 0 ) / / j (v ° )  £ j t given that /  is differentiable. 
Allocative inefficiency results from employing inputs in the wrong proportions implying 
that costs are not minimized, and since costs are not minimized, profits are not 
maximized.

It follows that observed expenditure v>'v° coincides with minimum cost c(x°, w) if, and 
only if, the enterprise is both technically and allocative efficient. It also follows that 
observed input usage v° coincides with cost minimizing input demand v(x°, id ) if, and 
only if, the enterprise is both technically and allocatively efficient.

A combination of technical and allocative efficiency is necessary but not sufficient for 
securing profit maximization, because the enterprise can still be scale inefficient. Given 
perfect competition, an enterprise is said to be scale efficient if p -  cx(x°, to), and is 
said to be short-run scale inefficient if p f  cx(x°, to). It follows that an enterprise can be 
a profit maximizer in the long run if, and only if, it is technically, allocatively, and scale 
efficient.

The core of neo-classical economic theory is concerned with allocative efficiency. 
Technical efficiency on the other hand has not until recently been considered an economic 
problem at all, since neo-classical economics has traditionally assumed that the internal 
maximizing process within the enterprise is always efficient. As we noted above, the 
received body of neo-classical microeconomic production theory holds that an enterprise's 
production function specifies the maximum output attainable from a set of outputs, given 
the technological knowledge available to the enterprise. Henderson and Quandt (1958, 
p.44) states that the production function

"presupposes technical efficiency and states the maximum output obtainable from every possible input 
combination. The best utilization of any particular input combination is a technical, not an economic, 
problem. The selection of the best input combination for the production of a particular output level 
depends upon input and output prices and is the subject of economic analysis."

Putting technical inefficiency on the agenda by arguing that there are actual differences 
between enterprises in technical efficiency, i.e., in the manager's or entrepreneur's ability 
to achieve the technical maximum, means that the internal allocative decisions, i.e., the 
managerial or entrepreneurial decisions, of the enterprise becomes a subject for economic 
analysis (Walters, 1963, p.2).

"The traditional production function describes only the efficient techniques, i.e., those which produce the 
maximum output of a desired commodity for given inputs. The process by which those techniques are 
discovered is not examined. For many years these processes were deemed to be management problems and 
so outside the range of economics. But in recent times it has been recognized that the problems of 
resource allocation within the firm are closely analogous to those between firms and industries. There is
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both economy and additional insight to be gained by pushing the domain of study back into the firm to 
examine its internal decisions."

Economic theory dictates that actual differences in technical efficiency between enterprises 
should be measured in relation to the technical frontier rather than in relation to some 
'average' enterprise. However, given the vintage approach, such a measure of technical 
efficiency actually consists of a mix of two factors, namely, (i) differences in managerial 
efficiency and (ii) differences in the vintages used (F0rsund and Hjalmarsson, 1979). We 
may note that managerial capacity or efficiency could also be analyzed as a vintage 
characteristic.

Having discussed the static aspects of efficiency we now shall make a short comment 
upon the dynamic aspects of efficiency. If the underlying technological structure is 
characterized by ex post rigidity of factor proportions and embodied technical progress, 
one should be very careful not to attach undue normative significance to static concepts or 
measures. These static concepts may generate a rather misleading dissatisfaction with 
existing structure which has no basis in a dynamic perspective (F0rsund and 
Hjalmarsson, 1987).

Under these circumstances the actual production possibilities of an industry at a given 
moment in time are not determined by the latest ex ante function but depend on the 
technology and capacities of all existing production units. Only under very special 
circumstances are the production units concentrated at one point in the input coefficient 
space. In short we may say that these are circumstances characterizing a steady state 
(constant ex ante function, constant factor prices and no wear and tear that makes 
production with old equipment more input-consuming than production with new 
equipment). In this case static and dynamic efficiency coincide.

A more normal picture of an industry in a diagram of input coefficients is, however, as a 
dispersed structure with units of different size and input coefficients (Salter, 1960; 
Wohlin, 1970; Johansen, 1972). The existing structure combined with the scrapping of 
old units and the choice of new techniques when investing results in a constant structural 
development.

Specifying an objective function for the development of an industry - e.g. cost 
minimization - makes it possible to derive an optimal path of structural development 
(Hjalmarsson, 1973). Inefficiency can then be assessed with reference to such an optimal 
development. In this case one given perfect foresight defines an optimal or efficient 
structure as a snapshot phase of an optimal development. From a static point of view a 
dispersed structure is inefficient, but may, nevertheless, be part of an optimal dynamic 
development. From a policy point of view, the problem is not to bring the existing 
structure close to the best practice structure, but consists in optimizing a process that is 
going on continuously.

In the case of putty-clay it is not very relevant for policy purposes to look backward in 
time deriving an optimal path for the industry and compare this hypothetical structural 
development with the actual one. Instead, the existing structure has to be accepted, 
efficient or less efficient, and the main problem becomes to promote an optimal
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development in the future (Hjalmarsson, 1973). This development would be conditionally 
optimal on the basis of the actual situation for the industry, it being optimal to have a 
gradual shutdown of older production units. At the same time, investment in new 
production equipment is made where the technique is chosen from the efficient ex ante 
function and with input coefficients situated at the optimal path. Under such 
circumstances the structure, i.e. the centre of gravity of the industry, converges to the 
optimal path (Fprsund and Hjalmarsson, 1974). Inefficiency in the vintage sense may be 
due to several factors, among others limited knowledge about the ex ante function and 
incorrect forecasts of price development.

The fact that a particular country, region or industry is slow in adopting a specific 
technique may not in itself indicate inefficiency. It may merely reflect the modem nature 
of its existing equipment. Even with process innovations that effect major savings in 
operating costs, replacement of existing plants may not be worthwhile, especially if the 
latter have been built fairly recently and represent almost 'best practice' techniques. This 
ought to be remembered when interpreting diffusion data.

3.4 Summing-up and Looking Ahead

This chapter has been devoted to an analysis of decisions on what methods of production 
to use within enterprises in a market economy. Two main aspects of the choice of 
technique have been dealt with, namely, (i) choice of technique on the basis of given 
technological knowledge within the traditional neo-classical framework, and (ii) choice of 
technique when technological knowledge is increased as a result of the invention of new 
technical solutions. During the process certain basic concepts have been defined that will 
be useful later in this study. We have taken our starting point in traditional neo-classical 
production theory. However, the neo-classical framework has certain limitations. 
Problems such as the process of structural change within industry, where enterprises or 
establishments differ in size, technique or structure with regard to input coefficients and 
where establishments become obsolete when, for example, embodied technological 
change occurs, cannot be properly analyzed within the traditional neo-classical 
framework. However, there is virtually no substitute for it as a starting point, at least in 
this field.

Our focus here is on dynamic processes of change in the techniques in use and we have 
had to leave certain neo-classical assumptions behind us. As a result, we started to 
analyze the vintage model, which offers an useful alternative. The innovation of the 
capital-vintage model of the Johansen-type is actually to recognize the fact that both 
capital-intensity and technology are essentially fixed in the case of existing machinery but 
remain subject to choice for the new capital vintage. One of the advantages of this type of 
model is that it brings capital obsolescence, i.e. the erosion of quasi-rents through the 
competition of newer and more efficient machines, into the analysis. This model is clearly 
capable of handling certain interesting aspects of processes of change in the techniques in 
use. However, it is quite clear that there are several important aspects not covered by the 
traditional vintage model; aspects emanting, for example, from the product life cycle 
theory.
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To continue our discussion, we now have two options: either we could continue to 
discuss those dynamic change processes which in the literature are known as innovation 
diffusion or product life cycles, or we could try to penetrate some of the issues dealt with 
in this chapter more deeply. Actually we choose both options. In contrast to the pure 
vintage analysis, we will specifically assume that an establishment (plant) consists of 
subsystems into which new techniques can be introduced without replacing the entire 
establishment. Our study specifically focuses on this type of technical change, i.e., on a 
process which brings new equipment embodying new technology into existing production 
units. As will be shown it is possible to a certain degree to integrate the vintage model 
with the product life cycle theory.
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4. THE CHOICE OF NEW TECHNIQUE: A PRODUCT LIFE CYCLE 
APPROACH

4.1 intmducftm

As stated in Chapter 1, the main question of the current study can be formulated as 
follows: Which internal and external characteristics do those enterprises have, that are 
early users of new techniques in product and process development? This means that our 
interest is focused on the new techniques chosen by enterprises. To study the choice of 
technique we need a general conceptual framework. Such a framework was formulated in 
Chapter 2, after which we proceeded in Chapter 3 to analyze this choice of technique at 
the enterprise level by means of traditional production theory. This exercise, however, did 
not take us far enough. An important reason for this is that most of traditional production 
theory tends to treat all enterprises as having identical characteristics. One exception is the 
vintage approach, from which we were able to conclude that the age structure of the 
existing capital equipment is an important factor determining the adoption of new 
techniques in process development. Indeed, the existence of vintages is a reflection of the 
fact that new techniques are adopted at different points in time by different enterprises. 
Vintage models are strictly dynamic and very precise but normally formulated within a 
non-spatial context, i.e. the network characteristics of the enterprises and their locations 
are not part of the analysis.

In this chapter we continue the theoretical analysis of the choice of technique and those 
factors that determine the adoption and diffusion of new techniques, this time within the 
dynamic framework provided by the product life cycle theory. Product life cycle models 
are often not very precise but are frequently given a spatial formulation, i.e. the spatial 
networks of the enterprises and the places where they are located are part of the analysis. 
We analyze some of the characteristics of an enterprise that our conceptual framework 
suggests will influence an enterprise's propensity to adopt new techniques. In particular, 
we discuss such characteristics of individual enterprises which enable and stimulate them 
to introduce new techniques in products and/or processes at a faster pace then their 
competitors. We also examine how the choice of technique changes over the product life 
cycle. In this way we are able to generate hypotheses that can be tested empirically in later 
chapters. Our conclusions in this chapter are also used to interpret the empirical results in 
subsequent chapters.

With a set of simple models we illustrate some aspects of product life cycle dynamics. We 
focus on various processes which bring about (i) a fast introduction of production 
equipment for automation of processes, i.e. new techniques, which reduce the cost of 
production in individual enterprises, and (ii) a fast introduction of new techniques that can 
be used in the products of individual enterprises. Shifts in regional advantages over a 
product cycle are also analyzed. Throughout we emphasize the non-routinized and 
experimental nature of the initial phase when a new technique is being implemented in the 
form of a process or a product change or renewal. We concentrate, particularly, on two 
enterprise-specific features which make it possible for an enterprise to participate in these 
initial stages: (i) a knowledge-oriented staff-structure (skill profile of the employees), and 
(ii) a low friction network for the transmission (and transfer) of information and 
knowledge from the environment. However, it should be noted that space is not treated
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explicitly in our analysis. Instead, space enters the analysis implicitly in the form of the 
(spatial) network characteristics of the individual enterprises.

In regional economics and international trade theory, specialization and differentials as 
regards choices of techniques are often related to die existence of fixed or semi-fixed 
resources, i.e. resources which relocate spatially at a low speed. In an analogous way, it 
is conceivable that each enterprise has its own fixed or semi-fixed resources. Certain 
characteristics of the enterprise (the production unit) will also reflect such fixed or semi
fixed resources, which adjust slowly to changing conditions.

Product and process development within enterprises can be assumed to be influenced by 
the characteristics of the entire labour force and knowledge accessibility in their region. 
Such overall regional or site-specific attributes which have the characteristics of fixed or 
semi-fixed resources describe the economic environment of individual enterprises and 
indicate their capacity to acquire knowledge and information pertinent to their production 
segment. The regional attributes also show what opportunities an enterprise has of 
adjusting the skill profile of its staff and increasing the efficiency of its information 
networks.

Given the possibilities offered by the regional environment, each single enterprise will 
select a strategy for its development This includes a gradual adjustment of the skill profile 
of its labour force through a sensible hiring policy and education and training programmes 
for the existing staff. Even when such adjustments are very limited for the regional 
economy as a whole, a certain freedom of choice may exist for the individual enterprise. It 
can also invest resources to increase the efficiency of its information networks by 
establishing new information channels or by increasing the efficiency of existing 
information channels.

In a given region, enterprises belonging to the same industrial sector differ in terms of (i) 
production scale, (ii) information networks, (iii) skill-intensity and many other 
characteristics. These differences will to a certain degree reflect the product mix of the 
individual enterprise and the product cycle stage of each product. The differences will also 
reveal the enterprise's capacity for R&D, and for product and process development. 
Product and process development cannot rely entirely on R&D efforts made in splendid 
isolation but need information obtained from the scientific and business environment 
(Buckley and Casson, 1976). A major part of the development activities within an 
enterprise are based on information and knowledge diffusion through various contact and 
transmission networks.

This chapter is organized as follows: In Section 4.2 we analyze how product and process 
development through the adoption of new techniques can be used by enterprises as a 
means of surviving in the competitive struggle. In Section 4.3 we discuss human skills, 
learning and the adoption of new techniques within the framework of a product life cycle 
model developed by Nelson and Norman (1977). The role of information networks in 
product and process development is discussed in Section 4.4. In Section 4.5 we discuss 
various processes which bring about shifts in regional advantages over a product life 
cycle. The principal conclusions drawn in this chapter are summarized in Section 4.6.
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4.2 The Product Life Cvde: Product vs Process Development

The purpose of this section is to analyze how both product and process development can 
be used by enterprises as a means for surviving in the competitive struggle. On a general 
level the strategic options of a single-product enterprise include: (i) ’following the product 
cycle through' with gradually increased emphasis on standardization, routinization, 
automation, scale efficiency, price competition, and relocation of production, and (ii) 
avoiding an intensified price competition as the product matures by searching for new 
products and investing in product development and renewal by means of R&D outlays.

There are two basic points to be made here. Both are important aspects of the empirical 
observations in the following chapters. The first observation is that product development 
differs from process development in the following way: product change aims at 
augmenting the price of the product(s), while process change aims at reducing costs - 
possibly to admit a lower selling price. The second observation is that product and 
process change are interlinked in an optimal control problem (A problem that we will deal 
with later in Subsection 4.3.4) (Hayes and Wheelwright, 1979).

Before turning to the formalized analysis we present our main ideas by means of a 
stylistic model. When investment and development efforts are directed towards product 
development, i.e. towards changing the characteristics of products, the objective will in 
the typical case be to try to establish temporary quasi-monopolistic knowledge-based 
advantages which last until imitation and product development by competitors reduce the 
temporary advantage of the initiator and perhaps shift this type of advantage to other 
enterprises. This form of competition is Schumpeterian, i.e., the objective of the initiating 
enterprise is to capture 'disequilibrium profits' which constitute the reward for enterprises 
which manage to reach the 'front' first. However, these profits will tend to disappear as 
this 'front' gradually becomes populated by more and more competitors or as new 
'fronts' are established by competitors. Hence, a product development strategy will 
normally only generate lasting advantages for an enterprise if it continually succeeds in 
improving its product or in developing new products. However, as the product grows 
older and in the absence of a breakthrough into a new technological regime, the returns 
from product development generally tend to diminish.

Here, one may add that 'disequilibrium profits' also arise for those enterprises which are 
able to adopt new process innovations earlier than their competitors. However, process 
development normally has to wait until product attributes and characteristics have become 
fixed and standardized. As the product matures, the adoption of new process equipment 
per se may not be a sufficient competition measure. Survival may also require the scale of 
the production unit to be increased so that economies of scale can be realized.

Having discussed product and process development as strategic options for an enterprise, 
in the following two subsections we will use a framework developed by Johansson and 
Karlsson (1986) to illustrate some aspects of product cycle dynamics. We focus on 
various processes which bring about (i) a fast introduction of new production equipment 
and automation processes reducing the cost of production in individual enterprises, and 
(ii) R&D efforts and the adoption of new techniques that can be used in product 
development of individual enterprises.
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4.2.1 The Adoption of New Techniques in Process Development

In this subsection we use a miniature model to show how individual enterprises acquire 
new techniques (to automate the production process) by buying new equipment as this 
becomes available over time. The model is also used to stress the importance of enterprise 
size for this type of investment. It may be thought of as a putty-clay model, which allows 
the introduction of new equipment into the existing structure. The analysis is constrained 
to one single production unit in an a priori given economic environment.

If no change occurs in the production technique of an enterprise between period t - 1  and 
ty the gross profit V is assumed to be

(4.1) Vft) -  [p(x> -  w/]x,

where x denotes output level, m wage level, and I  -  l i t  - 1) the input coefficient of 
labour and similar factors which can be partly replaced by automation equipment. By 
p{x) we denote output price minus other input cost [except wt\  per unit output. We also 
assume that for each period there is an option to buy equipment I, which reduces Î  by 
Al(t)  in period t , so that £(t) -  /  -  At:

(4.2) A/ = fclßx“ “ ; k, p, a  > 0,

where x ”a signifies a positive scale factor in cases where a  < 1.

From (4.1) and (4.2) we obtain by deleting the time specification

(4.3) V -  px -  m(£ -  Al )x  -  ^I,

where q is the rental price of one unit of equipment. Since we are considering a product 
segment in which price competition gradually becomes tougher, we assume that dp/dt < 
0 . Improvements in the production of the equipment is reflected by dq/dt < 0 . By 
differentiating (4.3) with respect to x and I we obtain

(4.4a) 3V/3x -  p'(x)x + p -  wl  -  (a  -  l)t»A^ £ 0 ,

(4.4b) aV/al -  ptofclP-ix1“ * -  q £ 0 , and

(4.4c) (av /a i)i -  o,

where the last term in (4.4a) measures the cost reduction (for a  < 1), which a marginal 
increase in production will be the cause of. Condition (4.4c) implies that when q is too 
high, the introduction of the new technique is delayed until q(t) has been reduced. For I 
> 0 we can from (4.4) derive the condition

(4.5) I -  ßx[p'(x)x + p -  wlV{a -  1)?

If we consider the system given by (4.2) - (4.5), we may formulate the following 
conclusions:



73

(i) If dV/dl < 0 and I -  0 at a given point in time, such an enterprise will at a later date 
have an incentive to introduce the new equipment only if 0 2 dp/dt > dq/dt,  i.e., 
if the price of the new equipment is reduced at a faster pace than the output price.

(ii) If p'(x) £ 0 and the initial gross profit p -  wl  is negative, then the new technique 
will be introduced only if there is a positive scale factor, i.e., if a  < 1.

(in) If p -  wl  > 0 , a solution with I > 0 can be obtained if (a) a  > 1 or (b) p'(x) < 0 , 
or (c) there is a constraint such that x £ x.

Conclusion (iii) provides conditions such that I > 0 but we also need a solution in which I 
is finite. If the enterprise is not a pure price-taker \p'(x) < 0 ], then the solution (x*, I*, 
A/*) satisfies p'(x*)x* + p* -  wl  -  (a  -  DwA/*. If the enterprise is pure a price- 
taker \p'(x) -  0] a solution I* is finite if a  > 1, which means that the scale effect is 
negative. We may also think of the parameter a  as a local property derived from a  -  
a (x ). Hence, at a solution point a(x*) > 1. This observation is also relevant for 
conclusion (ii) above.

The constraint x £ x may reflect a non-linearity that is caused by technical conditions or 
by market conditions. In a sense, it may replace either of the assumptions p'(x) < 0 or 
a(x*) > 1. With a scale constraint, (4.3) is replaced by the Lagrangian £  -  V + jx(x -  
x). Then for |x > 0 we derive for p'(x) -  0 that I -  px(p -  wl  -  |x)/(a -  1)?.

Our main conclusion remains that in markets characterized by price competition the 
condition 0 S dp/dt > dq/dt represents the basic process which gradually enlarges the 
set of enterprises gaining an advantage from introducing the new automation technique. 
At the same time this process is realized only when the market expands fast enough to 
provide room for any increase in the efficient production scale.

4.2.2 The Adoption of New Techniques in Product Development

Product development is profoundly different from the type of changes in production 
technique described in the preceding subsection. Within a given market segment we may 
indicate the ’level of product development’ associated with enterprise t’s product by r t. 
This variable will reflect how functional and sophisticated product t is in relation to other 
enterprises' products within the given market.

Let t  i denote the r-level of an individual enterprise's product and T2 the same level of its 
competitors. The basic reason for product renewal is to increase the product price. If at a 
given volume of production we let p x denote the price of product 1, the following 
conditions should apply dp \/dr x > 0 and dp \ /dr2 < 0 . Such properties are reflected by

(4.6) p i -  p0 + H r  1)ot(T2)P; b t a  > 0 > p.

We may assume that r  j changes as the result of R&D-efforts of enterprise 1 (R^), so that 
d r x/dt -  f  or d r  x/dt -  / ^ R 3̂ ) ,  where
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and where t) is a weight function. In fact, through information "leakage" we might 
assume that d r  {/dt -  /  j(Racc!, Racc2)- This reflects the fact that the enterprise is caught 
in a game situation in which it can compete by selecting an R&D-policy which affects the 
level of the market price that it can charge, contingent upon the product quality r 2 of its 
competitors. From (4.6) it follows that the competition between enterprise 1 and the 
enterprises signified by 2 may in fact lead to a stagnant price * although both r  x and r 2 
grow over time. This result occurs when d p i / d t  *  0 , which implies
{dTi/dt)/{dT2/dt) -  - ( p / a ) ( T 1/ T 2 ).

We may also observe that R&D efforts have cost effects which means that in view of
(4.6) enterprise 1 may select between two extreme alternatives. One is to choose a 
strategy of innovative competition with the objective of keeping up the ratio (r  i / r 2). The 
other alternative is price competition in which the ratio (r  \ / r 2) is allowed to fall while 
R&D efforts are directed towards technical change which reduces production costs 
enough to match the price fall that follows from a gradually smaller ratio ( r  i / t 2 ).

4.3 Skill Profiles in the Different Phases of the Product Life Cvcle

In the last section we analyzed product and process development as a means of surviving 
in the competitive struggle. The adoption of a new and, as yet, non-standardized technical 
solution is a non-routine process of information acquisition which involves both search 
and experimentation (Stigler, 1961). As a rule it needs stimuli in the form of information 
from the suppliers of the new techniques. In the search process an individual enterprise 
ferrets out information about costs and technical characteristics before it adopts a new 
component to be inserted in its own product or a new machine. Experimentation is a 
process in which an individual enterprise monitors the performance of a new component 
or a new machine after having adopted it. The successful implementation of such 
processes within an enterprise will be critically dependent upon the skill profile of its 
employees.

In the product development process scientists and engineers, i.e. specialists, are involved 
in the R&D processes which generates the new or improved products. Highly trained 
technical personnel continue to be involved in R&D in the successive rounds of design 
improvements, customer contacts, in process (re)design, and in equipment design - and 
not just in R&D, but also on the production line in the early stages of a product that is 
new or has undergone major changes. The initial use of a new technique require 
technically trained people and highly skilled workers simply to produce the product to 
minimum quality standards. Because experience is so limited, there is no known and 
easily taught set of procedures for coping with events that cannot be fully foreseen. For 
the same reasons, operations cannot be automated. Technically trained people as well as 
marketing specialists are needed to tailor the products to specific customers' needs, to 
train the customers' personnel in using the product and to bring back user experiences and 
other market information to the product development team. However, it is apparent that
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the relative importance of highly skilled labour tends to decrease as the product technique 
grows older and the rate of change decreases.

When the product itself has become better defined, new machines and production 
processes which reap the benefits of standardization, automation and economies of scale 
can be adopted. The new machines and processes can be operated by less skilled or 
relatively unskilled labour. This means that skill requirements steadily decline as the 
production process is rationalized and routinized by the application of new machines and 
by the experience that comes from learning. However, the process development and the 
application of the new machines and processes themselves require inputs of skilled 
labour. Increasing scale implies that the management and organization of production 
within the enterprises now become central issues. Thus, the importance of management 
skills increases.

Human skills actually tend to have a double role in the adoption of new techniques. First, 
the skill profile determines the capability of an enterprise to adopt a given technique, and 
second, it determines the capacity to learn when using a new technique, i.e., for example, 
to increase the productivity of a certain piece of equipment while using it.

In the subsections that follow we will discuss human skills, learning and the adoption of 
new techniques within the framework of a product life cycle model developed by Nelson 
and Norman (1977). The basic characteristics of their model are presented in Subsection 
4.3.1. In Subsection 4.3.2 we see how their analysis makes it possible, with a given 
skill-intensity to determine the scrapping age of a given vintage of capital equipment. 
Their analysis of the simultaneous determination of skill-intensity and scrapping age is 
presented in Section 4.3.3. As shown in Subsection 4.3.4 it is also possible to discuss 
product development as well as the link between product and process development within 
this framework.

4.3.1 Skills, Learning, and New Techniques: The Basic Model

Nelson and Norman (1977) present a partial equilibrium dynamic model of what happens 
to the productivity and factor mix over the course of a product cycle in a world where, (i) 
all enterprises face a given and constant set of factor prices, (ii) all enterprises are profit- 
maximizers, and (iii) a competitive equilibrium exists. But they do not consider any 
strategic interaction of enterprises (Cheng, 1984).

They conceive of a product cycle as a sequence of product and process development 
following on the adoption of a major innovation which establishes a basic new product 
line. The heart of the model is its treatment of human skills. Besides the assumptions 
stated above, the authors make the following major assumptions: (i) product and process 
development proceed at a positive but declining rate over the product cycle, as the product 
is perfected and the processes worked out and perfected, (ii) all adoptions of new 
techniques have the form of process development in the sense that all technical change can 
be measured in terms of cost savings, (iii) all new techniques are embodied in particular 
capital goods, (iv) all new techniques are neutral as defined by Hicks, (v) for any 
particular vintage of the product or the process, there are ex ante possibilities of
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substitution among the three factors of production - machinery, unskilled labour, and 
skilled labour - but fixed proportions once a machine has been installed, (vi) the 'skilled' 
personnel in R&D or on the production line associated with a machine of vintage v are 
specific to that vintage, and 'stay' with that vintage as long as it is employed, (vii) both 
the R&D undertaken by the enterprise, and the level of knowledge employed in 
production, operate in the form of ex ante learning, i.e., accumulated knowledge which 
can substitute for actual operating experience with a particular technique, (viii) when a 
new machine - incorporating a new technique - is put into place, the details of efficient 
operation are not fully known, but must be learned over time, (ix) high knowledge levels 
employed by the enterprises, either in the form of R&D scientists, engineers on the 
production line, or skilled workers generally, enable operation initially at a higher level of 
efficiency than if the enterprise did not employ such skills, but, as experience with a 
vintage accumulates, the initial advantage of the level of human skills dissolves, (x) other 
aspects of the production function are conventional, (xi) enterprises make their choices so 
as to maximize quasi-rents per machine.

Given these assumptions, the production function of an individual enterprise (for a 
specific type of product) is written:

(4.7) X(t, v) = A(v)F[K(v), N(v), S(v), t], 

where:
A(v) = the productivity or technique coefficient,
X(£, v) = rate of output from machines of vintage v after t years of experience with 

those machines, i.e. of trimming the process,
K(v) = machines of vintage v,
N(v) = unskilled (standard) labour used with machines of vintage v,
S (v ) = skilled (knowledge-intensive) labour involved either in R&D or operation

with (trimming of) machines of vintage v.

Now define the variables in terms of unit machine capacity,

x(t,  v) *X(£, v)/K(v), n(v) * N (v)/K (v),s(v) * S(v)/K(v),

then on the assumption of constant returns to scale at each time, the production function 
can be rewritten as

(4.8) x(t,  v) = A (v)/[s(v), n(v), £].

The key characteristic of this analysis which differentiates it from more conventional 
production function formulations is the treatment of S(v). Knowledge is assumed to 
have its effect by bringing to the enterprise ex ante learning which reduces the gap 
between actual and potential productivity at the early stages of a new production process 
(Nelson and Phelps, 1966).
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It is assumed that the production function has the following characteristics:

(4.9a) d f(s ,  n , t)/9s > 0 ; d2f / d s 2 < 0 ;

(4.9b) 3f ( s ,  n,  t ) W  > 0 ; 32f / d t 2 < 0 ;

(4.9c) d2f / d s i t  < 0 ,

i.e., the productivity of a particular vintage increases both with skill level and experience, 
but the advantage of high skill levels decreases with experience. The situation is illustrated 
in Figure 4.1.

Productivity, /(s> n> t)

Experience (g)

Figure 4.1 Productivity of a particular vintage of machines in enterprises with different 
skill levels. (Cf Nelson and Norman, 1977).

4.3.2 The Scrapping Age for a Given Vintage

Assuming that n(v) is technologically fixed, the decision variables for the enterprise, 
given that it contemplates using a vintage, are (i) the skill level, s(v), and (ii) the length 
of time that the vintage will be used before it is scrapped, t'. Quasi-rents are defined as 
the value of production minus cost.

At time v + £, the flow of quasi-rents equals

(4.10) i t (£, v) = p(v + t)x(t, v) -  u(v + £)s(v) -  u>(v + £)n(v),
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where,
it (C, v) = the flow of quasi-rents from operating a machine of vintage v after t

p(v + t) = product price at time v + £,
u(v + t) = price of skilled labour at time v + £, and
w(v + t) = price of unskilled labour at time v + t.
In order to make optimal decisions, the enterprise must evaluate total quasi-rents over 
various periods of use and with different skill intensities.

Technical change generates the change in vintage performance and is given by,

(4.11) Mv) = {[dA(v)/dC]/A(v)} > 0 , dMv)/dt  < 0 .

If the conditions of competitive equilibrium are to hold over time, positive technical 
change means ceteris paribus that prices cannot be constant over the life of any vintage, 
but must fall at approximately the rate of technical change, i.e. [dp(v + t)/dt]/p(v + t) 
“  -M v, t).

Now, let us focus on the optimum decisions for a particular v. Let V(v + t) denote the 
present value of quasi-rents of a production technique of vintage v at time v + t. The 
economic life of this technique may be defined as t' such that dV/dt' -  0 . The present 
value of quasi-rents of a machine of vintage v run until v + £', is

—u>(v + t)n (v )}e- r t tft,

where r  is the discount rate. The profit-maximizing enterprise will choose the scrapping 
age of machinery, t \  and the skill intensity, s, so as to maximize (4.12). For a given s 
the point t' is illustrated in Figure 4.2 with the quasi-rent given by (4.10).

With no further assumptions we would say that for a given skill intensity the enterprise 
has to switch over to a new vintage at time v + t' if it is to continue its production of the 
given product. However, following standard assumptions of the product life cycle theory 
(Vernon, 1966) we have s(v + £')/n(v + £') < s(v)/n(v). Hence, continuing with the 
production of a given product and only improving the production technique should imply 
a degradation of the enterprise's skill intensity.

We may here observe that if the enterprise analyzed above has a given set of customers 
with a given demand level, then the solution represented by £'and 3 V/dt' * 0 will not 
remain valid as an optimal long-run policy (Terborgh, 1949; Smith, 1961). In this latter 
case we may search for an optimal replacement policy by minimizing the cost of 
production over time. We should then expect technical renewal to occur before the quasi
rent is zero, i.e., at time t" < t'.

periods of use,

t'
(4.12) V(v +0 = f (p(v)*-MA (v)/[s(v), n(v), e]-u(v + «)s(v) -

f0
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Quasi-rents

Figure 4.2 Scrapping age for a given skill intensity. (Cf Nelson and Norman, 1977) 

4.3.3 Skill Intensity and Scrapping Age

Repressing the vintage notation, a formal treatment gives the following first-order 
conditions for a maximum of (4.12):

(4.13) òV/òt'  -  n, t') -  us  -  wn ] -  0 ,

i.e., for a given skill intensity (or more generally, for given factor inputs), a machine 
should be retained until its quasi-rents vanish - the relationship between skill intensity and 
economic life (close to the optimum) is defined as negative - and

t'
(4.14) aV/3s = f {pe“^A [a/(s , n,t)/òs] - u ^ ^ d t  =0 ,

Jo

i.e., for a given economic life of machines, skill intensity should be increased until the 
average (discounted) increase in gross revenue over the life of the machine from the hiring 
of an extra skilled worker equals the wage rate of skilled workers. An increase in the skill 
intensity will increase gross revenue over the period of machine life. However, since 
skill-intensive operations substitute ex ante learning for on-the-job learning, the increase 
in the skill intensity will be greater early in the life of a machine than later. Also here the 
relationship between skill intensity and economic life is defined as negative. The two 
conditions (4.13) and (4.14) define relationships between skill-intensity and the economic 
life of machinery as indicated by the curves a'a' and b'b' in Figure 4.3. When the
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economic life of an machine is determined the curve b'b' gives us the pertinent skill 
intensity and when the skill intensity of a machine is determined the curve a'a' gives us 
its pertinent economic life.

Economic Life (£)

t

b
Intensity

Figure 43  The relationships between economic life and skill intensity. (Cf Nelson and 
Norman, 1977)

If the industry is in a competitive equilibrium, then there must be equality between the 
maximum value of discounted quasi-rents per capital unit and the cost of capital. Thus

(4.15) V -  c,

where, V = the maximum value of V per capital unit, and c = the unit cost of capital 
goods. The competitive equilibrium condition requires a time path of prices such that, at 
optimal input combinations, the net present value of quasi-rents per capital unit will equal 
the unit cost of capital goods.

The competitive equilibrium condition (4.15), together with the optimality conditions
(4.13) and (4.14), makes it possible to study how the skill-intensity of operation and the 
economic life of new machines change over the product cycle., i.e. they determine the 
factor ratio, life, and price history for any particular vintage. The key question is: what 
happens to skill-intensity and the economic life of machinery over the product cycle? As 
the cycle is characterized by a falling rate of new techniques, this is equivalent to asking 
what happens when the rate of technical change declines.
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Suppose first that the skill-intensity is fixed. What happens then to the scrapping age, i. 
e., to the aV-curve in Figure 4.3? The ceteris paribus effect of a lower rate of technical 
change will be a shift in the quasi-rent profile: for a given initial price level, po» w^en the 
new machine is first adopted, a more slowly falling price means that the quasi-rent profile 
will shift upwards, from d0d0' to d0d { in Figure 4.4. However, with a constant cost of 
capital, i.e a totally elastic supply of capital goods, this would mean that quasi-rents 
would exceed capital costs. Given the assumption about the competitive structure of the 
industry, this would induce more investment, more output and lower prices. This lower 
initial price must be just sufficient to make the net present value of quasi-rents equal to the 
cost of capital goods. Thus, a slower pace of technical change means that the quasi-rent 
profile will take on the shape d 2d2 as compared with the shape d 0d0' at a faster rate of 
technical change. The two time profiles must have the same discounted present value 
given that the capital price is the same. It is then obvious that the effect of this shift will be 
to increase the optimal economic life of machines for a given skill-intensity. Thus, a 
decrease in the rate of technical change will shift the a'a' curve upwards.

Quasi-rents

d 2

2d'n

Figure 4.4 Different quasi-rent profiles. (Cf Nelson and Norman, 1977)

What happens, then, to the optimal skill-intensity over the product cycle for a given 
economic life of machinery, i.e., to the b'b' curve? The optimal skill-intensity is 
determined by comparing the 'average' marginal value product of an extra unit of skilled 
labour, over the lifetime of machinery, with the skilled worker wage rate. The effect of a 
lower rate of technical change is to decrease (increase) the price for low (high) ages 
compared to the equilibrium time profile if the rate of technical change were faster. Since
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the marginal physical productivity of higher skills is larger when a machine is young and 
low when the machine is old, the average marginal value product of skilled labour must 
decrease as the rate of technical change decreases. Thus, for a given economic life of 
machines, a lower rate of technical change implies a lower optimal skill-intensity. Thus, 
the '-curve shifts downwards over the product cycle.

The net effect of the decreasing rate of technical change over the product cycle will 
therefore be to lower the skill-intensity and increase the economic life of new machinery, 
i.e., enterprises will shift from position Bq to Bj in Figure 4.5. A gradual reduction of the 
rate of technical change then imply a movement over time from skill-intensive activity and 
short economic life of machinery (or products) to capital-intensive activities with long 
economic lives for products and machinery.

Economic Life (£)

t 'l

SkiU
Intensity

s

Figure 4.5 Economic life of machinery and skill-intensity over the product cycle. (Cf 
Nelson and Norman, 1977).

4.3.4 Product Vintages and Product Development

As shown by Johansson and Larsson (1986) it is also possible to discuss product 
development within the framework given by Nelson and Norman (1977). Let now t  1 and 
t 2 denote two product vintages (or product qualities) of the same type of product, and let 
z ( r )  be a vector of attributes associated with t .  We may then imagine one class of 
product changes from r 1 to r 2 such that z ( t 2 ) -  A z ( t  *) where A > 1. In this case t 2 
implies more of the same things in unchanged proportions, and the shift from t  1 to t 2 
will be similar to a shift between two process vintages v 1 and v2 (Johansson, 1987).
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A growing number of observations indicate that when t 2 enters the market to compete 
with t  1, the result is a substitution process with the following change pattern (Batten and 
Johansson, 1987; Larsson, 1985):

(4 .17) -  c + gt  + e{p2/ p x\

where denotes the market share of product vintage t 4, t is time and p 2/p i the relative 
price. If the new vintage r 2 is successful so that g  > 0 , f 2 will grow logistically if p2/p j 
is constant or changes slowly. Suppose instead that g  S 0 , e < 0 , and that p2/p \ is being 
reduced in a steady way. Then this would imply that r 2 is of non-superior or inferior 
quality but associated with a gradual process improvement which allows p2 to be reduced 
in relation to p j.

In Section 4.2  we noted that product and process development are interlinked in an 
optimal control problem. To deal with this problem, we start by going back to (4.12) and 
Figure 4 .2  (Johansson and Larsson, 1986). We respecify the gross profit or quasi-rent 
function so that

(4.18) it -  it[t; v (t ); t ],

where r  is the product vintage and v -  v (r) is the process vintage, which is assumed to 
depend on r .  Starting at time t -  r ,  we observe that it depends on t as a consequence of 
the development of v and r  among competitors. This development is carried out mainly 
through the adoption of new techniques.

In general, an optimal strategy will not be to change v and r  at a time t* determined by 
dW/dt* -  0 as in (4.12). Suppose that this rule gives rise to a sequence of renewal 
dates, t*9 t**, ... The associated value V* -  V(£*) + ” T> +... should
then be compared with V' -  V(C') + Vtt")£“r ^  ” + ......where

and given that t' < £*, and t" -  t' < t** -  t* then follows that t" < t**. The V'- policy 
implies that vintage renewal, i.e the adoption of new techniques, occurs before quasi
rents have approached zero.

The sequence £",... is superior to the sequence t*, £**,... if V' > V*. The latter 
situation could occur when the market structure deviates from perfect competition, and we 
may observe that product development always implies the creation of a temporary 
monopoly position. In addition, each enterprise is an entity with fixed and semi-fixed 
resources which means there are distinct advantages in introducing new vintages 
(techniques) into existing establishments (renovation) instead of creating completely new 
establishments. The existing labour force, building capital, etc, may constitute such fixed 
or semi-fixed resources. However, it is clear that the more fundamental a vintage change 
is, the smaller this renovation advantage should be. We may summarize this discussion 
with the following description of an enterprise (= an establishment):

T +t'

'T
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An enterprise consists of interlinked but separate subsystems. Therefore, we 
assume that a new vintage (technique) can be introduced in one subsystem without 
changing the vintages in other parts of the enterprise.

However, as was discussed in Chapter 2, the introduction of a new vintage (technique) in 
one subsystem may induce vintage (technique) changes in other subsystems. The 
introduction of a new vintage (technique) in one subsystem may also be a necessary pre
requisite for the introduction of new vintages (techniques) in other subsystems.

The adoption of the new techniques that we will examine empirically in later chapters is 
exactly of the above kind; we observe how applications of information technology, i.e. 
new techniques, are introduced in different subsystems at different dates in the same 
enterprise. This means that an analysis in which enterprises are the elementary units must 
be capable of using a vintage index which captures the compound effect of subsystem 
changes.

It is also reasonable to assume that product development can follow a gradual change 
pattern when components containing information technology are added to (or inserted 
into) already existing products. Assume first that R&D activities accumulate over time so 
that

t*
(4.20) R ^ V )  = f R( « ) / < « * ■

Jo

where f ( t*  -  t) is a weight expressing the importance of R(i) at time £*. We may then 
consider the problem of gradual product changes by referring to R200 in (4.20) and S in
(4.7) while formulating product development, dr/dt ,  as a function of R&D efforts and 
the knowledge orientation of staff, so that

(4.21) dr/dt  -  G(Ra<*, S).

Assume that d r 0/dt -  G ^ 200, S0) < dr*/dt -  G(Racc, S*) and let p0 -  p ( r0) and p* 
-  p(r*) be two different price paths over time for the same process vintage but with 
different speeds of product development due to S* > S0. In Figure 4.6 both price curves 
fall as a consequence of competition from new process vintages which are introduced in 
other enterprises. The difference between p* and p0 illustrates the advantage that can be 
obtained by increasing S0 to S’“. As an alternative, we may imagine that t* develops in 
steps so that t *(£) -  r*(£ + |i) as p < p* and r*(t + p*) > r*(£). The associated 
price path is illustrated in Figure 4.7.
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P

Figure 4.6 Prices, product development and a knowledge oriented labour force.

Figure 4.7 Prices, product development and knowledge oriented labour: An alternative 
view.

4.4 Networks in the Different Phases of the Product Life Cvcie

In the preceding section we noted that the search for and collection of information about 
the economic and technical characteristics of new techniques was an essential part of 
product and process development. According to our conceptual framework the amount 
and quality of information about a given technique that an enterprise has access to will 
depend, among other things, upon the characteristics of its information networks.
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When an enterprise is engaged in product development, we may expect the following 
information channels on the supply side to be important: (i) channels to universities and 
other research institutes, (ii) channels to independent inventors, (iii) channels to advanced 
technical consultancy services, (iv) channels to suppliers of components and software, 
and (v) channels to subcontractors. Channels to the owners and head office may also be 
important since, on the one hand, they must, in many cases, provide the investment funds 
necessary to carry out the development process and on the other, they can convey 
important information from other parts of a multi-enterprise company. On the demand 
side we have the market network of the enterprise. The market channels have several 
important functions. They should feed back information about the needs of the customers 
as well as about the actions of competitors but they should also carry information to old 
and new customers about the existence and characteristics of new or improved products. 
The richer the market network is (measured in number of customers and geographical 
extension), the richer the flow of information from this network will be. However, it is 
important to note that the market network also consists of other information channels such 
as fairs and exhibitions, courses, conferences and seminars, consultancy services, 
journals and magazines, etc.

In the case of process development the most important information channels are probably 
those associated with the suppliers of equipment and machinery, because important parts 
of the production functions are created through product development in the equipment and 
machinery industry. Those channels consist of direct contacts between the enterprise and 
its suppliers but also include indirect contacts through fairs and exhibitions. Other 
information sources are courses and conferences, and consultancy services. Inspired by 
Johansson and Larsson (1986) we will now discuss the relationship between skill- 
intensity, networks and information lags in Subsection 4.4.1 and the relationship between 
network properties and production information in Subsection 4.4.2.

4.4.1 Skill-Intensity, Networks and Information Lags

Within the framework created by Nelson and Norman (1977) and presented in Section
4.3 we now observe that if the best practice vintage at each time t is v*(£), we should not 
expect the information about v*(£) to be accessible to all potential user enterprises at time 
t. The enterprises which acquire this information first will receive an "early users' 
premium" in the form of a temporary "monopoly" profit. In this case the "monopoly" is a 
cost advantage. We may also note that the enterprise is paying for those development 
resources which generate such cost advantages. The capability of getting information 
about the best practice vintage early may be assumed to depend on (i) knowledge-oriented 
staff in the enterprise (S), (ii) R&D resources spent in the enterprise (R) or its 
accumulated R&D spending (Racc), and (iii) accessibility to production information in the 
economy (networks of information channels) (D).

Now, let v*(£) be the best practice vintage known to enterprise i at time t, and assume 
that Vi(£) *= v[S*(£), Racc*(£), D*(C)] is a function with positive first order derivatives 
with respect to all three arguments. An enterprise i with a skill level, (St, Racct), and 
network properties, Dt, which are lower than the level [S*, (Racc)*, D*] of its most
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advanced competitors, will face constant inferiority, such that v4(C) < v*(£). This may 
take the form of a time invariant best practice lag At, such that

(4.22) At(v + t) -  A*(v)exp{(t -  Am*),

where A* — hit, v*(t)] represents the fastest vintage improvement speed that exists 
among the competitors in the given market and where A4( ) is the productivity or 
technique coefficient introduced in (4.7).

The empirical analyses in subsequent chapters examine the existence of the above type of 
delay structures and their relation to differentials in the composition of S4 and Dt in 
particular. These two variables are then represented by two vectors with many educational 
categories and many network features respectively. For Racc4 we have data on R&D- 
intensity, defined as the share of product development costs of total turnover during the 
last years, for part of our observation units. We also have a proxy variable indicating 
R n a m e l y  the number of employees in scientific and technical occupations.

4.4.2 Network Properties and Production Information

In this subsection we focus on one specific type of product for which we formulate a 
product change process and a gradual change of the technical vintages. The latter change 
is assumed to be caused by a gradual introduction of applications of information 
technology in the different subsystems of an enterprise. In (4.23) and (4.24) we describe 
product and process development, respectively:

(4.23) dr/dt  -  gUt(t), Stft)],

(4.24) dv/dt  -  fc[Jt(t), S4(0; x].

We may think of J4( 0  as a vector (J4j(0 ) of different kinds of technique and market 
information for enterprise t, indexed by j. Analogously, S4(0  -  {Sik(t)} is a vector of 
different employment categories with varying skill-intensity. We assume that dg/dJj and 
dh/dJj are positive for all i and that dg/åS* > 0 and dh/dSk > 0 for each k which 
corresponds to a knowledge-oriented employment category. For each knowledge category 
k, Jt(£) is assumed to depend on accumulated R&D within the enterprise denoted by 
Racc* and related to current R&D as specified in (4.20). In addition J4ft) is assumed to 
increase with D4 denoting the sum of information obtainable through various information 
channels. We express this as J4(0 -  J[Racc4(t), D4(0] and

(4.25) D1(«) = X Di[i - e(*t)Kt,
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where

Dsi [£ -  e] = information of date £ -  e, accessible at time £ through channel (or 
source) s;

= information diffusion lag depending on i si such that de/disi < 0 , 
0 ^ 6 < (;

i s l = indicator of resources spent on speeding up the diffusion through
channel s, where 0 S ^  S 1.

Dsi has dual characteristics. On the one hand it is a specific enterprise resource but on the 
other hand it is a regional resource, in the sense that if one enterprise in a region holds a 
certain piece of information, this information will over time leak to other enterprises in the 
region. i si stands for resources spent both by individual enterprises and by, for example, 
public authorities as part of different technique diffusion programs to increase the speed 
of information diffusion.

4.5 Spatial Conditions for thcPifffffint HiasfSirfthfi Product Life Crete

In this section we continue to illustrate important aspects of product life cycle dynamics 
and the focus is now directed towards various processes which bring about shifts in 
regional advantages over a product life cycle (Johansson and Karlsson, 1986). in 
particular we study how production techniques, i.e. the techniques used in the production 
process, change over the product life cycle for a given type of product. The model takes 
into account a gradual increase in standardization and automation as well as a reduction of 
the skill-intensity requirements together with a simultaneous increase in the demand for 
land and semi-skilled and unskilled production workers. We show that such a change 
process implies that regional cost advantages will switch as time goes by. For a given 
product we will illustrate the spatial location effect of its life cycle. In this analysis 
technical change is entirely exogenous, the production technique is adjusted in perfect 
response to changes in technical possibilities, while factor prices related to land and 
labour force are fixed in each location.

In the model outlined below we consider a specific submarket characterized by given price 
and quantity paths, p(£) and x(£), respectively. The properties or attributes of the 
product are assumed to remain unchanged over its life cycle. Instead we study the effect 
of gradual but continuing adjustments in the production technique. We study how such a 
change process may lead to a switch in the cost advantages of different regions. This type 
of shifts in regional advantages has previously been analyzed within a putty-clay 
framework (Andersson and Johansson, 1984). Here we derive similar results when the 
production technique is defined in terms of a Cobb-Douglas type of production function. 
In a second step we also consider the effect of treating capital equipment as non- 
malleable.

In the first model version below there is no difference between ex ante and ex post 
technical possibilities. Our objective is to assess the alternative locations for the 
production of a given product. We identify three input categories:
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K = capital; p = unit price of K,
L = land and labour, w = unit price of L,
S = skill; u = unit price of S,

where skill represents the knowledge-intensity of an enterprise's entire organization. Let 
us now assume that the production function has the following form in each region r  :

(4.26) x r -  Br (Kr )a (Lr )P(Sr )Y; a , p, y > 0 ,

where Br is a positive regional parameter. The exercise that follows is an investigation of 
the cost conditions of potential plants of enterprises whose total operations are gathered in 
one single plant. When cost advantages shift between regions, this may be interpreted as 
either an incentive to relocate the plant (= the enterprise in our case) from one region to 
another or as an indication of increased growth potential in one region and a simultaneous 
decline in the likelihood of survival for the same production in another region.

With reference to formula (4.26) we examine a gradual change in technical possibilities, 
represented by

(4.27a) dp/dt > 0

(4.27b) dy/dt  < 0 .

We assume

(4.28a) that capital equipment is rented and movable, that a  is constant, and that
Pr *  P>

(4.28b) that wr, u r and opportunities to sell are exogenously given, i.e.,
2 r x r ( 0  -  £,

(4.28c) that p + y -  ft, where h is a constant, and

(4.28d) that regions are similar in the sense that Br = B for all r.

Given the assumptions in (4.28), we can assess the cost conditions in each region by 
differentiating the following Lagrangian, £ , which is defined for each point in time

(4.29) £ r = Cr + -  BO^WLpWSpJY],

where Cr -  wrLr + ttr Sr + pKr . The formulation implies that we are minimizing 
production costs for a given output level xr . Differentiating (4.29) yields

(4.30a) Kr -  pr a 2 r/p, for all r

(4.30b) Lr -  (xr pfer /zor , for all r

(4.30c) Sr -  \iry 2 r/u r , for all r.
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From (4.30) we derive the following equality

(4.31) Xr -  (|ir £r )ûB (a /p )a (p/iDr )P (y/ur )Y,

where Q -  a  + p + y. We may now compare the production costs in the two regions 1 
and 2 by setting %\ -  x 2. Rearranging terms in (4.31) and taking the logarithms we 
obtain

(4.32) 6 -  i n  (p. i / | J l 2 )  * ( 1/Q)(ß i n  w t + y i n  u \ -  p i n  w2 -  Y i n  u 2).

The variable 6 expresses the difference between i n  |i j and i n  p 2. The term \ir is a 
shadow price representing the costs of production in region r, which is revealed by the 
equality |a i/M-2 1 + u  iS i + pK j )/(id2L2 + u 2S2 + pK2). With reference to (4.32)
we assume that

(4.33) w j > w2 and u t < u 2.

The inequalities in (4.33) may be interpreted as the outcome of a situation in which skilled 
labour is more abundant i region 1 than in region 2 , while the opposite is true for land 
and unskilled labour as a composite factor of production. We now examine the conditions 
for the location of production, if the only alternatives are regions 1 and 2 (Johansson and 
Karlsson, 1986).

If we take the assumptions in (4.26), (4.28), and (4.33) as given and assume that location 
decisions are governed by (4.29), then we may conclude that:

(4.34a) Initially, at time £ -  0 , the production is located in region 1, if 8 (0 ) < 0 ;

(4.34b) 6(0 < 0 , iff G/H > p/y, where G = In  u 2/u j and H = i n  w \/v>2;

(4.34c) d6/dt > 0 , iff dy/dt  < 0 ;

(4.34d) Production will be relocated to region 2 if y  continues to fall over time.

This simple model of how regional advantages switch assumes that capital has a putty- 
putty character with regard to each single production unit. Consider now the following 
variation of the preceding example. Assume that capital installed at time t , Kr (r), 
remains fixed in its location and use in the future. Over time part of this equipment will be 
scrapped. At time t the amount of capital carried over from earlier periods is denoted by 
Kr t (£) with an average vintage t . Suppose now that the desired capital at time t is 
Kr (£). We then assume that [ 1 -  ar (t)] is the part of Kr (£) that is already available as a 
consequence of the existence of Kr ^(£). Hence, the necessary investment is 
ar (£)Kr (£), where 0 £ a r [Kr (£), KrT (£), t -  t ]  £ 1 and where £ -  t  is the average 
vintage difference between new equipment and the existing capital.
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Moreover, we assume that 

(4.35a) <zr ( 0 -  l i f K r t ( C ) - 0 ;

(4.35b) ar(t) < 1, if Kr t (£) > 0 ;

(4.35c) dar /d[Kr f (t)/ Kr (*)3 < 0 .

With the assumptions associated with (4.35), we have to observe that Kr ^(£) represents 
sunk costs. Hence, at time t the cost function Cr in (4.29) will now have the following 
form:

(4.36) CV -  wrLr + u rSr + paptOKptt).

Let the assumptions for the conclusions in (4.34) be given but modified by (4.35) and
(4.36). Assume that 6 (0 ) < 0 so that the initial production is located in region 1. Then 
we may conclude that (Johansson and Karlsson, 1986):

(4.37) if the 'skill elasticity’ parameter y  is reduced at the same speed as in (4.34), the 
relocation (or switch in regional advantages) is delayed and occurs now at a later 
time.

4.6 Principal Conclusions

Within the dynamic framework provided by the product life cycle theory, we have 
analyzed how characteristics of enterprises and their environment influence their choice of 
technique, or, more precisely, their adoption of new techniques for product and process 
development. In particular, we have focused on such characteristics which, it may be 
assumed, tend to bring about a fast introduction of new techniques, namely, (i) a 
knowledge-oriented staff-structure, and (ii) low-friction networks for the transmission of 
information and knowledge from the environment. The important implications of the 
product life cycle approach are, (i) that the focus of development activities changes as the 
product grows older, (ii) that the propensity to adopt new techniques for product and 
process development changes with the age of the product, and (iii) that decisions to adopt 
new techniques for product and process development are coupled with decisions 
concerning the location of production.

The analysis has been based on the idea that the existence of fixed or semi-fixed 
resources, i.e. resources with slow adjustment to changing conditions can be used as a 
basis for the characterization of both regions and enterprises. The characteristics of the 
existing labour force and of knowledge accessibility can be classified as fixed or semi
fixed resources at the regional level. Such overall regional attributes describe the 
economic environment of individual enterprises and indicate their ability to acquire the 
information and knowledge needed for product and process development and can thus be 
assumed to influence those activities. They also show what opportunities an enterprise 
has when it attempts to adjust the knowledge-orientation of its staff and increase the 
efficiency of its information networks.
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Given the possibilities offered by the regional environment and by the market we assume 
that each single enterprise selects a strategy for its development. The strategies available 
include, on the one hand, investments in product and/or process development where the 
adoption of new techniques plays a central role and, on the other, investments to improve 
the skill profile of the labour force and/or to increase the efficiency of its information 
networks.

In a given region, enterprises belonging to the same industrial sector differ in terms of (1) 
production scale, (ii) information networks, (iii) skill-profile, and (iv) many other 
characteristics not specified here. Those differences will, on the one hand, reflect to a 
certain degree the product mix of the individual enterprise and the stage of each product in 
its life cycle and, on the other, its need for and its capacity for product and process 
development by means of the adoption of new techniques.

The product/process development strategy contains two strategic options for a single
product enterprise: (i) "following the product cycle through" with gradually increased 
emphasis on price competition, i.e., concentrating on process development, which aims at 
reducing costs - possibly admitting a lower selling price, and (ii) avoiding an intensified 
price competition as the product matures, either by searching for a new product or by 
renewing the existing product, i.e., concentrating on product development aiming at 
augmenting the price of the product(s). However, in reality, the two strategies are 
interlinked in an optimal control problem. An important objective in both the above 
options is to establish temporary quasi-monopolistic knowledge-based advantages to 
capture those "disequilibrium profits" which are the reward for enterprises who manage to 
adopt new techniques before others.

A basic factor influencing the adoption of new techniques in process development by an 
enterprise in a product segment in which price competition gradually becomes tougher is 
the relationship between the rate of reduction of the output price and the rate of reduction 
of the price of the new equipment. The analysis of the adoption of new techniques in 
process development can be widened by bringing in the skill profile of the employees. 
Skilled labour can be seen as bringing ex ante learning to the enterprise, which reduces 
the gap between the actual and the potential productivity at the early stages of a new 
production technique. Assuming that the intensity of unskilled labour that must 
accompany a given vintage is technologically fixed, the enterprise introducing a new 
process technique now has two decision variables, (i) the skill intensity, and (ii) the 
scrapping age. Depending on the exact assumptions, a vintage is scrapped when the 
quasi-rents fall to zero or some time before that date. If an enterprise is to continue the 
production of a given product, it will switch over to vintages with lower and lower skill 
intensity and with longer and longer economic life.

The analysis of the adoption of new techniques in product development is complicated by 
the rivalry between enterprises and such exercises lead to few useful conclusions. In the 
case of product development we may note as an empirical regularity that when a product 
of improved quality enters the market to compete with an old product, the result is a 
substitution process where the market share of the new product tends to grow logistically, 
also when relative prices remain constant or change slowly. This is a pattem that could be
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generated even if the new product is of inferior quality but associated with a gradual 
process improvement which allows its relative price to be steadily reduced.

When product and process development are interlinked, when the market structure 
deviates from perfect competition and when, in addition, each enterprise is an entity with 
fixed or semi-fixed resources where clear benefits arise from introducing new vintages 
(techniques) into existing establishments (renovation) instead of creating completely new 
establishments, vintage-renewal, i.e., the adoption of new techniques, occurs before 
quasi-rents have approached zero.

Finally, as regards information networks, we may note that an ability to acquire 
information about new techniques quickly can give rise to an "early users" premium" in 
the form of a monopoly profit both in the case of product and process development.
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5. THE EARLY ADOPTION OF INNOVATIONS: WHO COMES FIRST?

5.1 Introduction

The preceding two chapters were devoted to a theoretical study of the choice of technique 
problem. In particular, in Chapter 4, we tried to identify characteristics of enterprises that 
can be expected to be early users of new techniques in product and process development. 
The purpose of this chapter is (i) to survey the characteristics of early adopters of 
innovations considered in the economics literature (Section 5.2), (ii) to briefly outline the 
most important empirical results from these earlier studies (Section 5.3), (iii) to provide a 
short comment on the statistical methods used in these studies, and present the statistical 
methods used in the current study (Section 5.4), and (iv) to present those adopter 
characteristics that will be empirically investigated in the current study (Section 5.5)

5.2 Adopter Characteristics: Ad Hoc Considerations in the Literature

The diffusion of technological innovations among the enterprises can have far-reaching 
effects on factor productivity and economic growth in an economy. Because of this, 
studies have sought to discover the most favourable conditions for technically-progressive 
decisions by individual enterprises. In practice, most industries exhibit a fairly wide gap 
between the techniques used by the leaders and those used by the majority. This gap is 
one measure of the delay in the utilisation of new techniques. To illustrate this gap, a 
number of adoption studies have found it useful to classify adopters by the time of first 
use. Various labels have been used. One which has become a standard nomenclature 
divides adopters into (i) innovators, (ii) early adopters, (iii) early majority, (iv) late 
majority, and (v) laggards (Rogers, 1962). Categories of adopters are arranged in order 
of their speed of reaction. Thus the innovators are the fastest to adopt and the laggards the 
slowest. (Note that the term 'innovator' is being used here in a special sense. It describes 
the earliest adopters and is not confined to the developers and originators of the 
innovation. In an adoption context the pioneer adopters are classified as the innovators.)

When adopters are arranged in categories according to their speed of response, the 
distributions tend to approximate the normal distribution (Rogers, 1962). This is 
convenient, since categories of adopters may then be defined in terms of deviations from 
the mean. This classification system is, of course, arbitrary and reflects the degree of 
normality of the distribution.

The reason for distinguishing categories of adopters by the speed of their response is 
essentially practical. Investigators are anxious to discover the special characteristics 
relevant to each group, in the hope that useful guides to future behaviour will emerge. 
Acceptance by potential adopters and market penetration may be affected more rapidly if 
sales efforts or policy measures are directed at those enterprises which are likely to 
respond early in the life of a product. By stratifying potential adopters according to their 
likely response, the efficiency of marketing or technique diffusion policies may improve. 
As a result the determination of the characteristics of enterprises that promote rapid 
adoption is a central economic and managerial issue.
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When a new technique becomes available, it may be postulated that enterprises possessing 
certain characteristics at that time will introduce the technique most quickly. The classic 
study by Carter and Williams (1957, 1959) is probably the most wide ranging and 
frequently cited study of the organizational and managerial determinants of technological 
progressiveness among enterprises. They (1957, p. 177 and p. 178) define a technically 
progressive enterprise as an enterprise which is "keeping close to the best which could reasonably 
be achieved in the application of science and technology" and "which is at the forefront of discovery in 
applied science and technology, and which is quick to master new ideas and to perceive the relevance of 
work in neighbouring fields". However, they discuss a heterogeneous set consisting of 24 
variables with little attempt to determine which variables are most important in 
determining technical progressiveness.

Another method employed in the literature, which has become the dominant approach 
among economists, is to present and statistically test a number of separate a priori 
hypotheses regarding the economic characteristics which the authors expect an early 
adopter of a new technique to possess. This is usually performed on an ad hoc-basis. 
This procedure was first used by Mansfield (1963a).

It should, however, be noted that specific economic characteristics believed to be 
associated with some level of technical progressivity are only usefully examined to the 
extent they are believed to be indirect indicators of the probable outcome of the 
assessmerlts of innovations made by the enterprises. To assure this, the characteristics 
should optimally be based upon some type of optimizing behaviour in the enterprises' 
decision-making processes. The decision-theoretic approaches to individual enterprise 
adoption behaviour have tended to confine themselves to explaining why and how long an 
enterprise would delay its adoption of a capital-embodied innovation. In these models an 
enterprise delays adoption while waiting either for its capital in place to detoriate 
sufficiently to make adoption profitable (Fellner, 1951; Salter, 1960), or for the 
innovation's profitability to increase sufficiently (Jennifer Reinganum, 1981), or both 
(Smith, 1961; Hinomoto, 1965). The major deficiencies in these approaches are that (i) 
they are limited to capital-embodied innovations, (ii) they ignore the effect of information, 
management attitudes and the availability of human skills on the enterprise's adoption 
decision, and (iii) they normally do not link enterprise adoption behaviour to the diffusion 
of an innovation through an industry. As an alternative Jensen (1982) develops a 
decision-theoretic model of individual enterprise adoption behaviour which can be used to 
derive an expected diffusion curve. Adoption is here seen as a problem of decision
making under uncertainty when learning can occur. In Jensen (1983) the optimal 
behaviour when an enterprise is faced with a choice between two innovations and does 
not know which one is better is examined. It seems, however, that the decision-theoretic 
approach is absent in most of the empirical studies of enterprises' adoption behaviour.

We will now look at some of the characteristics considered in the economics literature and 
we have organized the characteristics in four groups: (i) the size of enterprises 
(Subsection 5.2.1), (ii) the economic and financial characteristics of enterprises 
(Subsection 5.2.2), (iii) the human capital characteristics of enterprises (Subsection 
5.2.3), and (iv) the internal and external communication networks of enterprises 
(Subsection 5.2.4). It must be remembered that most of the literature deals with the 
adoption of new techniques in process development. Hence, the hypotheses presented in
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the following subsections mainly concern the characteristics of enterprises that are 
assumed to influence their propensity to adopt new techniques in process development.

5.2.1 The Size of Enterprises

Two opposing arguments may be advanced concerning the size of enterprises which are
likely to introduce a new technique most quickly. One view advanced by Mansfield
(1963a) is that, ceteris paribus, relatively large enterprises will introduce a new technique
first. The arguments for this proposition are:

(i) The idea that, because large enterprises have a greater number of units of a 
particular type of equipment, they are more likely at any point in time to have 
some units that will soon have to be replaced. This will give them more 
opportunities to acquire the most up-to-date equipment, which may be integrated 
into the production process as part of routine replacement policy.

(ii) The idea that, because large enterprises encompass a wider range of operating 
conditions, there is a greater chance that they will include those conditions for 
which the innovation is first applicable; there is an increased chance that a new 
piece of equipment can be accommodated. Large enterprises are, for example, 
likely to have diversified outputs. This make it more likely that their output is 
compatible with a given innovation. It should also allow greater scope for 
experimentation. Commercial success is not dependent on specialized outputs, and 
therefore failures in any particular direction should not have catastrophic 
consequences.

(in) The idea that larger enterprises are more likely to have the financial resources 
needed to afford the latest equipment and to experiment. Given that new 
equipment is most expensive when it is new, we may also assume that large 
investments are likely to be less inhibiting to large enterprises.

(iv) The idea that larger enterprises are more likely to have the technical know-how 
and managerial qualities that are so important in determining an enterprise's 
response to a new technique (Mansfield, et.al., 1971). They are also in a position 
to purchase expertise relevant to a particular innovation. Similarly, small (family) 
enterprises are unlikely to provide the career prospects needed to attract qualified 
scientists and technologists (Carter and Williams, 1957)

(v) The idea that larger enterprises have more extensive outside information and 
knowledge networks, represented by the contacts which management and work 
people have. Through these networks they can gain better access to information 
about new technical advances.

(vi) The idea that larger enterprises are likely to be involved with consultative bodies 
and cooperative R&D activities within the industry concerned.
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(vii) The idea that larger enterprises usually have a higher general technical level onto 
which it is easier to graft anything of higher sophistication. Large enterprise size is 
a prerequisite for engaging in R&D activities and thus for the subsequent adoption 
of innovations (Schumpeter, 1943; Galbraith, 1952).

(viii) The idea that larger enterprises can bear the risks more easily since they, for 
example, can spread risks over a number of projects (Thwaites, 1982).

(ix) The idea that larger enterprises - although not necessarily the largest ones - tend to 
be more progressive than smaller enterprises (Mansfield, 1973).

(x) The idea that large enterprise size may increase the potential profitability of a new 
technique and, in this way, increase the likelihood of adoption (Oster, 1982).

While the above proposition suggests an inverse relationship between the size of an 
enterprise and its 'response lag' - i.e., the number of years it waits introducing a new 
technique - there are, however, also arguments which can be advanced to suggest a direct 
relationship between the two variables, or, at least, that the enterprise size factor is subject 
to diminishing returns (Mansfield, 1963a; Globerman, 1975). Mansfield (1968, p. 156), 
for example, refers to the "unwieldiness and conservatism sometimes associated with increases in 
firm size", while Carter and Williams (1957, p. 125) refer to the

"existence of ... tensions in large organizations [which] may lead to committee government of an 
unsatisfactory kind".

This means that there are potential disadvantages that are relevant to large enterprises. Life 
may be too safe and comfortable to be conducive to change. Conservatism may prevail in 
management. The consequential effects of the adoption of an innovation may cause such 
an upheaval that large enterprises are deterred. Their organizations may be more 
formalized, less flexible, and more interrelated, i.e. stuck with bureaucratic inefficiencies, 
than their competitors. Large enterprises may also be insulated from the market, less risk- 
taking, less moved by higher potential profits of the new technique, and thus be slower 
adopters (Oster, 1982). Moreover, there are plenty of examples of the pioneering work of 
medium-sized or smaller enterprises. After the initial phases of the innovation, once the 
new technique has matured and receives growing acceptance, enterprise size might 
gradually lose its significance.

Given this background, one could postulate that enterprise size may influence an 
enterprise's 'speed of response', but we shall refrain from postulating the direction of the 
influence.

5.2.2 The Economic and Financial Characteristics of Enterprises

We shall discuss six different economic and financial characteristics of enterprises which 
hypothetically might influence their technical progressiveness. The six characteristics are: 
(i) the profitability of the enterprise, (ii) the profit trend of the enterprise, (iii) the growth
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rate of the enterprise, (iv) the liquidity of the enterprise, (v) the financial structure of the 
enterprise, and (vi) the profitability of the investment to the enterprise.

One hypothesis that has been advanced is that those enterprises displaying the greatest 
profitability at the time that the new technique becomes available will introduce it most 
quickly. Mansfield (1963a) advanced this hypothesis, but with little theoretical support. A 
good record of past profits is likely to generate shareholders' confidence and improve 
access to further capital. Good profits are also likely to permit a high ploughback rate and 
reduce current liquidity constraints. The profit ratio is thus a reasonable proxy for the 
availability of funds for investment in new products and processes and can be directly 
linked with a willingness to adopt innovations early.

However, this relationship between profitability and an enterprise's 'speed of response’ 
need not necessarily hold. For example, not all new techniques are 'expensive' and 
'risky'. This being so, the strength of the relationship outlined above diminishes but, of 
course, the direction of the influence remains.

The profit trend, which summarizes the past years’ performance, may also yield some 
insight into the influence of trading results on enterprises’ adoption habits. One 
hypothesis regarding the enterprises* profit trend is the proposition by Mansfield (1968, 
p. 167) that

"one might suppose that firms with decreasing profits would be stimulated to search more diligently than 
other firms for the new alternatives and that, other things equal, they might tend to be quicker than others 
to begin using a new technique."

Mansfield based this proposition on the theory presented by March and Simon (1958, 
p. 183) who contended that

"Individuals adjust their criteria to the achieved levels of other individuals with whom they compare 
themselves, and to the levels that are established as norms by relevant reference groups.... The rate of 
innovation is likely to increase when changes in the environment make the existing organizational 
procedures unsatisfactory (...). We would predict efforts towards innovation in a company whose share of 
market, total profits, or rate of return on investment had declined."

Another hypothesis concerns the role of the enterprises* growth rate. Here again, 
opposing views have been advanced. On the one hand, it is hypothesized that those 
enterprises experiencing the greatest rate of growth at the time a new technique becomes 
available will introduce it most quickly. One reason for this might be that rapidly 
expanding enterprises may be more willing to experiment with new production methods, 
etc. The proposition was originally advanced by Mansfield (1968, p. 147), but he only 
supports it with the comment that

"if there is little or no expansion, its [the technique's] introduction must often wait until the firms decide 
to replace existing equipment."

On the other hand, it is possible to argue that enterprises experiencing the lowest growth 
rates will introduce the technique most quickly. One theory that supports this argument is 
that advanced by Downie (1958), who postulated a direct relationship between an 
enterprise's rate of growth and its efficiency. At any given point in time, there will be a
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dispersion of efficiency among member enterprises of an industry and hence differences 
in their rates of growth. It is Downie's contention that those enterprises experiencing the 
slowest rate of growth will be compelled to experiment with new techniques. Another 
theory that also supports this argument says that it is conceivable that if the growth rate is 
brought about as a result of a recently completed investment plan increasing the 
production capacity, then it is rather unlikely that the enterprise is going to scrap new and 
very durable equipment simply because a new - and in the long run - more profitable 
production process has just been introduced on the market (Bundgaard-Nielsen, 1976). 
Those two theories indicate a direct relationship between the enterprise's rate of growth 
and its 'response lag'. Again, the direction of the relationship cannot be predicted on a 
priori grounds.

Another of Mansfield's hypotheses (1968, p.167) concerns the liquidity of the enterprises 
and says that:

"one might expect that more liquid firms would be better able to finance the investment in the 
innovation and that consequently they might be quicker than less liquid firms to use it."

The liquidity ratio is here seen as a reasonable proxy for the availability of funds for 
investment in new products and processes and should be directly linked with a 
willingness to adopt innovations early.

It is possible, however, to argue on a priori grounds that the nature of the relationship is 
direct rather than inverse (Hastings, 1976). For example, differences between enterprises 
in the extent of liquid reserves might indicate differences in enteiprises' (management's) 
aversion to risk (Penrose, 1959). Risk averters are more likely to hold large liquid 
reserves than risk takers. Thus, it might be argued, ceteris paribus, that the greater an 
enterprise's liquidity the more adverse it will be to risk and hence the longer it will wait to 
introduce a new technique. This means that the direction of the relationship cannot be 
determined a priori.

The financial health of an enterprise is likely to be an important factor in its willingness 
and ability to adopt innovations. The hypothesis presented in this subsection concerns the 
financial structure of the enterprise. A sound financial position is a summary verdict of 
general competence of the enterprise. It is therefore plausible to expect some relationship 
between the financial position of an enterprise and its attitudes towards new techniques, 
i.e. early adopters of innovations in general have a more favourable financial position than 
late adopters (Rogers, 1962). It is often said that the financial structure of an enterprise 
influences its investment activity and its readiness to take risks. The higher the degree of 
internal financing an enterprise can afford the more prepared it is to invest in new 
uncertain techniques. This hypothesis is based on an assumed unwillingness on the part 
of management and owners to borrow above a certain limit as that might increase the 
creditors' position within the enterprise. Furthermore, credit-institutions very often ask 
for certain relationships between owned and borrowed money in an enterprise's financial 
structure.

The profitability of the enterprises' investment in the actual new technique has also been 
advanced as factor that stimulates enterprises to adopt early. In line with our discussions
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in an earlier chapter the profit expectations generated by particular innovations should be a 
central feature in the speed at which individual enterprises adopt those innovations. The 
greater the commercial stimulus in the form of improved profits, the more quickly 
enterprises are likely to adopt. The speed of enterprise response is here seen to be directly 
related to the expected financial benefits, i.e., an enterprise's introduction of a new 
technique is delayed if the return is not deemed adequate to offset the risks involved 
(Mansfield, 1973). The greater the profitability of a particular innovation, the shorter the 
wait an enterprise is likely before adopting it (Romeo, 1975). The important point is that 
an enterprise's response is geared by the specific profit stimulus provided by a particular 
innovation (Parker, 1978). It is not necessarily related to general financial health and 
standing. The key stimulus here is the expectation generated by individual innovations.

5.2.3 The Human Capital Characteristics of Enterprises

In the literature it has been assumed that the general disposition of enterprises usually 
varies a great deal in terms of their attitudes towards information and their ability to 
evaluate and handle new techniques, innovations and technical advances. It has, for 
example, been suggested that the personal characteristics of top managers play a dominant 
role in adoption decisions. Unfortunately, the determination and measurement of relevant 
attributes is extremely difficult. Actually, the basic problem in the search for social and 
psychological factors in innovativeness is that they ultimately rest on hindsight 
interpretations but have little predictive content (Rosegger, 1986). In order to characterize 
the attitudes and/or capability of an enterprise at least four different human capital 
variables have been used, namely: (i) the age of the president, (ii) the education level of 
the president, (iii) "managerial dynamism”, and (iv) the educational level of the 
employees.

One variable that has been expected to influence the adoption of a certain new technique is 
the age of the president of the enterprise. Younger entrepreneurs would be more likely to 
make the break with the past, i.e. they are less conservative, their emotional attachment to 
old skills and old techniques being weaker and their willingness to take risks greater than 
those of their older rivals (Mansfield, et.al., 1971; Romeo, 1975). Given these 
assumptions, a positive relationship between 'speed of response' and the age of the 
enterprise's president is expected.

Another variable that has been expected to influence the adoption of a new technique early 
is now introduced. This is the education of the president of the enterprise. Better-educated 
entrepreneurs are likely to be in a better position to understand the issues regarding new 
techniques, to have the flexibility of mind to use them, and to be in contact with technical 
and university centers and the relevant literature. Thus they may be more likely to react 
positively to new techniques (Mansfield, et.al., 1971; Romeo, 1975).

Considering the characteristics of the enterprise president alone, rather than all the 
members of the management team involved in the decision-making process, assumes that 
he is the key decision-maker, or that he sets the tone for the others. This may not be true, 
particularly as regards the large enterprises. Instead, the ability of enterprises to perceive 
and respond to the challenge offered by innovations, and their attitudes towards new
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techniques likely to be influenced by the age, education and aspiration levels of the 
relevant management personnel (Mansfield, 1973). It might be noted that such a 
relationship is quite consistent with models that emphasize the interrelationships between 
education and technical change in their effects on productivity change and economic 
growth. In part, the effect of education on economic growth depends on the rate of 
technical change, since an important effect of more education is to make managers (and 
workers) more adaptable to change and quicker to adopt innovations (Mansfield, et.al., 
1971). Carter and Williams (1957) have suggested that enterprises which are most 
receptive to innovations are those which possess managements competent in all aspects of 
an enterprise's operations. In this connection, we may also notice that Carter and 
Williams (1957,1959) found that technically progressive enterprises were characterized 
by a sound management recruitment policy - that is, a highly educated managerial staff, 
and that Cohn (1980) found that they have a higher proportion of managers with MBA’s, 
but not a higher proportion of managers with college degrees.

Measurement of managerial dynamism or progressiveness is bound to be difficult. As 
indicated above, the age of top management may give a clue to the willingness to respond 
to external stimulus. Top executives close to retiring age are unlikely to drive an enterprise 
close to its maximum potential. Younger and more vigourous senior management are 
likely to be imbued more strongly with the need to achieve. They are likely to be more 
concerned to prove themselves and will be susceptible to the internal competitive 
pressures generated by those beneath them in the company ladder. Under their leadership 
an enterprise may well achieve a brilliant commercial performance.

The education levels of management are also believed to play an important part. 
Adaptability to change and appreciation of the benefits of innovation should be a product 
of improved education. However, according to Parker (1978) the need for achievement 
(n-Ach) may not be directly related to observed educational qualifications. He maintains 
(ibid., p. 140f) that the aspiration levels of holders of PhDs is not necessarily greater than 
those with first degrees or more vocationally oriented qualifications.

"The n-Ach of those with less prestigious awards may in fact be greater. They may feel pressured to 
compensate for lack of status with achievement. The commercial world offers many opportunities for 
these drives. It is therefore likely to be a mistake to expect a managerial group with the highest 
educational rating to be more dynamic and venturesome than one with more modest qualifications. 
Individuals with the highest qualifications may be imbued with the values and mores of the professional 
classes. As a whole, professionals exhibit an n-Ach lower than that associated with businessmen."

This should mean that an enterprise which has a high proportion of individuals with 
prestigious qualifications may be lacking in the drive which distinguishes pioneers in 
adopting innovations. In the adoption of innovations, the need for achievement is a key 
characteristic according to Parker, who also claims that the highest educational 
qualifications are unlikely to be a reliable indicator of managerial dynamism. As indicated 
in the next subsection, and as discussed later in this chapter, contrary to Parker's view, 
we consider the educational qualifications of the employees to be a central factor for 
explaining technical progressiveness among enterprises. Technically progressive 
enterprises are characterized by an adequate provision of intermediate management staff 
relative to the size of the enterprise and the nature of the enterprise's processes (Carter and 
Williams, 1957). Cohn (1980), on the other hand, found that technically progressive
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enterprises have a more adequate provision of intermediate management in production but 
not in the enterprise as a whole. Technically progressive enterprises are characterized by 
the use of advanced management techniques (Carter and Williams 1957, 1959; Cohn, 
1980).

According to an associated hypothesis, adoption may be delayed if the new technique 
requires new kinds of knowledge or patterns of behaviour which are costly in terms of 
resources, effort, or time. In manufacturing, the requirement for labour retraining or for 
new skills may retard acceptance. As with innovations requiring new capital, those 
requiring significant special education or training or employment of new personnel must 
win their way against older techniques for which such cost already have been incurred. 
Requirements for interorganizational co-ordination may also slow down adoption, as can 
differences in attitudes towards new processes (Carter and Williams, 1957). Several 
studies also emphasize the importance of a group of technically sophisticated people who 
are capable of evaluating new possibilities (Nelson and Phelps, 1966; Metcalfe, 1970). 
Enterprises are more likely to innovate if they recruit and train well educated personnel 
who are encouraged to push technology forward within the organization (Langrish, et. 
al., 1972). Early adopters of a new process tend to be enterprises which employ a number 
of technically trained people (Carter and Williams, 1957; Ryan and Gross, 1943) and 
which also have a willingness to arrange for the effective training of staff. Technically 
progressive enterprises seem generally to be characterized by giving a high status to 
science and technology (Carter and Williams, 1957; Cohn, 1980).

R&D intensity has been used as a proxy variable for the existence of technically 
sophisticated people within the enterprise. The basic hypothesis is that high levels of 
technical knowledge and scientific skills within the enterprise reduce the cost of adopting 
new innovations by bringing down the pertinent uncertainty. However, R&D 
commitment and R&D performance have also been attributed an explanatory value of their 
own (Globerman, 1975). Freeman (1974) suggests that the innovative potential is higher 
within enterprises that possess strong R&D departments with connections with the wider 
research society. R&D intensity might be seen as an indicator of the technological assets 
of an enterprise (Romeo, 1975; Globerman, 1975). The basis for this hypothesis is the 
idea that high levels of technological knowledge and scientific skill within the enterprise 
reduce the cost or the uncertainty of adopting technological innovations. However, the 
importance of technological knowledge and scientific skills may vary depending upon 
what type of technological innovation one are considering. It has, for example, been 
suggested that high levels of scientific and technical ability within an enterprise's 
production activities may have nothing to do with its organizational and managerial 
activities: the technology of coordinating production with other activities, and 
coordinating all the enterprise's activities over space (Antonelli, 1985).

5.2.4 The Internal and External Communication Networks of Enterprises

The internal and external communication networks of enterprises are facilities for 
obtaining information about new techniques. In the literature they are attributed 
considerable importance as factors determining whether an enterprise is technically 
progressive or not. So, for example, communication and an openness to new ideas have
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been suggested as characteristics of technologically progressive enterprises (Norris, and 
Vaizey, 1973). Here we discuss three such factors: (i) the managerial structure and 
function of the enterprise, (ii) the external networks of the enterprise, and (iii) the quality 
of the enterprise's incoming information.

Attention has been paid to the role of managerial structures and functions in enterprises in
the rate of diffusion of innovations, especially when the innovation has organizational 
implications. According to the pioneer analysis of Chandler (1962) and to the limited 
empirical evidence presented by, for example, Galbraith (1973) and Buss (1982), 
centralized enterprises will be very quick to take advantage of the opportunities offered by 
different applications of information technology. It may be argued that centralized 
enterprises have more to gain from such applications in that such techniques seem able to 
provide greater scope for reducing the heavy co-ordination cost of large integrated 
bureaucracies. However, somewhat contrary to this view Cohn (1980) claims that 
technically progressive enterprises are characterized by a more open formal 
communications structure, as measured by the existence of regular interdepartmental 
meetings, but not by a more open informal communications structure.

The capability and efficiency of enterprises in collecting information is heavily dependent 
upon their network characteristics. We might observe here that the efficiency of networks 
depends on their size and their complexity (Wilson, 1975). The organizational network of 
an enterprise has several dimensions. Absolute size indicates something about the average 
volume of messages that it can handle. However, enterprises of similar-size can have 
networks of different complexity. For example, the more diffused internationally the 
enterprise's operations are, the more entry points there are in its communication network. 
The success of an enterprise in marketing its products overseas (through exports or 
foreign subsidiary sales) has been linked to its technological progressiveness. As an 
indicator of the scope of an enterprise's information networks, the extent of its overseas 
activities should be positively associated with adoption (Anita Benvignati, 1982). 
However, a reverse line of causality has also been posited, though little tested (Mansfield, 
Romeo and Wagner, 1979). This may be viewed as the enterprise's coupling to external 
networks. One example of such a network characteristic is corporate status, i.e. whether 
an enterprise is a (foreign) subsidiary or not (Globerman, 1975).

Norris and Vaizey (1973) suggest, without any kind of verification that the technically 
progressive enterprise takes a wide range of authoritative technical journals and has a 
variety of contacts with the scientific community, and assesses as a matter of course the 
ideas emanating from these sources. This is in line with the rest of the literature where 
little reliable information about the importance of the various communication channels or 
networks in determining the rate of acceptance of a new technical solutions under 
uncertainty can be found. Therefore, a lot of attention is paid in our study to the 
importance of network characteristics.

One variable that might significantly influence the pace of diffusion in its middle and later 
stages is the existence of organizations with direct interest in rapid acceptance. For 
marketed products the producing enterprise certainly has strong incentives to proselytize, 
but enterprises differ greatly in the strength of their sales force and advertising reach. 
Nabseth (1973) found, for example, that information about a new technique is very often
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spread by producers of the equipment which incorporates the technique in question, i.e., 
the change agent in Rogers' terminology (Rogers, 1962).

It is likely that the new products of a large enterprise tend to diffuse more rapidly than 
those of smaller enterprises. For techniques and practices that do not involve a marketable 
product, or are not strongly associated with the use of one, there is an institutional gap. 
The technical professional associations, trade associations, and industry publications 
reporting on new developments partially fill this gap, as do the services of private 
consultants. In those industries without strong associated technological professions, the 
pace of diffusion of new techniques not embodied in marketable products may be far 
slower than economically desirable, because effective organizations to promote the new 
development and provide assistance in adoption are lacking.

Carter and Williams (1957) stated that the technically progressive enterprises have a 
greater readiness to look ahead, a more effective internal communication and co
ordination between departments and a higher quality of incoming communication than 
other enterprises. It is quality rather than quantity that matters. As a consequence the 
backward enterprise may not hear of an idea until several years after it is first made 
known. According to other sources there is, however, little evidence that the late adopters 
hear of the new product much later than the early adopters (Ryan and Gross, 1943). 
According to this view, late users are less able to evaluate the claims of salesmen, 
newspapers, advertisements, and other communication agents. Apparently, these sources 
are often not considered reliable unless their message is backed up by one or more 
members of a peer group, particularly by a member considered to be an expert. Katz 
(1957) describes this phenomenon as the "two-step flow of communications" in 
diffusion. He claims that the early users of an innovation tend to rely on sources of 
information beyond their peer group's experience. After they have begun using the 
innovation, they become a model for their less expert peers, who can imitate their 
behaviour. Hence, it has been assumed that: - (i) the earlier information about a new 
process is received by the enterprise, and (ii) the greater the ability of the enterprise to 
evaluate the information, the sooner the process will be adopted by the enterprise.

5.2.5 Concluding Comments on Adopter Characteristics

Having surveyed a large set of hypotheses about the characteristics of early adopters of 
new techniques we can now make the following concluding comment: The hypotheses are 
normally presented in an ad hoc fashion. Thus, they are not derived from existing theories 
on innovation diffusion nor from any other relevant theoretical framework. Seen in 
relation to the theoretical framework discussed in Chapter 4, it seems as if the importance 
of skill profiles and network characteristics to a large extent has been neglected in the 
theoretical literature on innovation adoption. Nor does the relationship between the 
adoption of new techniques and the location of production seem to have been evaluated in 
much of the literature.
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5.3 Adopter Characteristics: Empirical Evidence

A rather limited number of empirical studies analyze the characteristics of those industrial 
enterprises which are relatively quick - or relatively slow - to introduce new techniques. 
We shall present results from some of these studies. We will not evaluate each single 
result, since our purpose in this section is confined to giving a general picture of those 
empirical relationships which have been presented in the literature. Instead, we shall make 
some more general remarks concerning this field of research at the end of this section. 
Our overview only includes studies which try to make a simultaneous assessment of the 
characteristics of early adopters of innovations. The following empirical results based on 
studies of a number of innovations introduced in various different industries can be found 
in the literature:

* Holding the profitability of the innovation constant, enterprises which are relatively 
large at the time a new technique becomes available will introduce that technique faster 
than others, at least if the innovation is costly (Mansfield et.al., 1971 (NC-machines in 
U.S. tool and die industry); Mansfield* 1974; Hastings, 1976 (mechanical process 
innovations in Australian wool textile industry); Mansfield, et.al., 1977). That size 
plays a positive role in the reduction of diffusion lags has also been confirmed by 
Mansfield (1963a, and 1968) (fourteen innovations in four U.S. industries), 
Håkansson (1974) (special presses in paper-making), Globerman (1975) (NC- 
machines in the Canadian tool and die industry), Romeo (1975) (NC-machines in 
different engineering industries), Kleine (1982) (NC-technique in German metal
working industry), Benvignati (1982) (thirty-three postwar textile machinery 
innovations in U.S. textile industry) and Antonelli (1985) (international data 
telecommunications in multinational industrial enterprises). However, Anita Benvignati 
(1982) suggests that large enterprises seem to have a higher probability of being 
adopters than non-adopters but do not seem to have any particular advantage in being 
pioneers among adopting enterprises. We can compare this with the results of Nabseth 
(1973) who found that large enterprises are quicker to adopt in some cases and slower 
in others and of Karlson (1986) (basic oxygen furnaces and large electric arc furnaces 
in the steel industry in the U.S.) who maintains that neither larger nor smaller 
enterprises systematically lagged behind in adoption. Lastly, we have results reported 
by Oster (1982) and by Levin, Levin and Meisel (1987) that suggest that large absolute 
enterprise size retards the adoption of a new technique (basic oxygen furnaces in the 
American steel industry and optical scanners in the American food store industry, 
respectively).

* Enterprises where the expected returns from the innovation are highest tend to be 
quickest in introducing an innovation, i.e., an enterprise's introduction of a new 
technique is delayed if the return is not deemed adequate to offset the risks involved 
(Mansfield, 1974; Håkansson, 1974). Romeo (1975), on the other hand, could not 
establish any significant relationship of this kind and Kleine (1982) found that 
expected profitability showed a positive relation to the diffusion lag, which means that 
late adopters expected a higher profitability for their first NC-machines than late 
adopters.



106

* At the time a new technique becomes available more profitable enterprises will 
introduce that technique most quickly (Hastings, 1976).

* Less liquid enterprises introduce new techniques more quickly (Hastings, 1976).

* Holding other factors constant, enterprises with younger managers tend to be quicker 
in introducing new techniques, at least in industries where enterprises are small 
(Mansfield 1974). Mansfield, et.al. (1971) report that their data are consistent with this 
hypothesis but in a multiple regression the effect of age was not significant. However, 
Globerman (1975) found a positive and statistically significant relationship between the 
age of an enterprise's president and the probability of NC-adoption. This latter 
relationship might reflect the existence of leaming-by-doing in the management 
function, which increases managerial ability to evaluate risky projects. Romeo (1975), 
on the other hand, did not find any significant relationship.

* Holding other factors constant, enterprises with better educated managers tend to be 
quicker in introducing new techniques, at least in industries where enterprises are small 
(Mansfield, et.al., 1971; Mansfield 1974). On the other hand Globerman (1975) and 
Romeo (1975) did not find any significant influence.

* Differences in foreign ownership levels do not seem to influence relative diffusion 
rates (Globerman, 1975).

* R&D performance appears to promote NC adoption in later stages of the diffusion 
process (Globerman, 1975). On the other hand, Antonelli (1985) did not find any 
significant influence from R&D intensity.

* Proliferation (interpreted as a proxy for the pressure of international competition), i.e. 
share of international operations in the total, as measured by the ratio of exports from 
the country of origin plus foreign subsidiary sales to total sales, seems to reduce the 
diffusion lag for international data telecommunications in multinational industrial 
enterprises (Antonelli, 1985).

* The diffusion lag is reduced when the source of the innovation is internal to the 
enterprise (Antonelli, 1985).

There are several reasons for being very cautious when trying to generalize from the 
empirical results reported in the literature: (i) the theoretical foundation is often weak or 
sometimes non-existent, (ii) the data used often contain few observations, (iii) the 
samples are sometimes non-representative, and may, for example include only large-sized 
enterprises (Mansfield, 1963a), (iv) the studies have been confined to a limited number of 
industries, innovations, and countries, (v) questions can be raised concerning the 
statistical treatment of the data in at least some of the studies, and (vi) the variance 
explained in those studies is often quite low. This means that one should be careful not to 
ascribe too much importance to the results reported, particularly when there may be only 
one author reporting a certain relationship. On the other hand, as there have been 
relatively few empirical studies done, we do not want "to throw any results away" until
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they have been confirmed or contradicted by a number of other studies including our 
own.

5.4 Statistical Methods for Characterizing (Eariv) Adopters of New Techniques

In the preceding section, we reported on the results from a number of empirical studies 
that had tried to simultaneously assess the characteristics of (early) adopters of 
innovations. In this section, we turn our interest to the methodological side of such 
studies. In Subsection 5.4.1 we discuss the use of regression analysis for simultaneously 
assessing the characteristics of (early) adopters of new techniques. The statistical methods 
for characterizing (early) adopters used in this study are presented in Subsection 5.4.2.

5.4.1 A Discussion of the Use of Regression Analysis fot* Simultaneously Assessing 
the Characteristics of (Early) Adopters of New Techniques

In this subsection, we will discuss the use of regression analysis fot simultaneously 
assessing the characteristics of (early) adopters of new techniques. By means of 
regression analysis it is possible to investigate how the speed of introduction of new 
techniques depends on the composition of characteristics of individual enterprises or 
establishments.

The use of regression analysis to characterize early adopters of new techniques dates back 
to Mansfield (1963a). He postulated a relationship with the following general character

(5.1) I n d j  -  In A  + a j/nX  jj  + a 2/n X 2j + •— + a n^nXnj + *ne j

where dj  is the number of years the jth enterprise waits before beginning to use a given 
innovation and the variables X Xj, X2j,...., Xnj are different enterprise characteristics. He 
also fitted the equation to enterprise data. Leaving aside measurement problems, this is 
quite a simple exercise from a statistical point of view since his material only contained 
data on innovations that had been adopted by all potential adopters at the time of 
investigation.

The Mansfield approach has been used in several more recent studies. In some of these 
studies the authors had to deal with a problem - the censored data problem - which 
Mansfield did not have to contend with, namely that the innovation(s) had not diffused to 
100 %, i.e. their material contained enterprises which were classified as potential adopters 
but which had not yet become adopters at the time of investigation (Nabseth, 1973; 
Håkansson, 1974; Smith, 1974). To be able to use all the information available, a 
hypothetical adoption date has been ascribed to the non-adopters. Nabseth (1973) 
maintains that, from a statistical point of view, it seems to be preferable to use all the 
information available rather than to discard part of the diffusion curve. To derive possible 
introduction dates Nabseth (1973) assumed that a logistic curve approximated the 
diffusion process. He then obtained three years (1972, 1975, and 1980) as possible 
candidates and after tests with these assumed introduction dates, admitting that the
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procedure was somewhat arbitrary, he decided to fix 1975 as the introduction time for all 
potential adopters, as the R2-values had not changed very much.

Of course, several objections could be raised against the Nabseth-approach (Nijkamp and 
Rietveld, 1987): (i) the use of a logistic diffusion path may be questioned, (ii) even if the 
diffusion path is logistic, it might be difficult to get good parameter estimates, if the share 
of adopters is low, and (iii) assigning the same adoption date to every non-adopter is a 
rather crude method that might give rise to errors when estimating equation (5.1). 
Obviously, the smaller the share of adopters at the time of investigation, the more 
important these objections are.

As pointed out by Davies (1979), the likely outcome of the Nabseth-procedure is biased 
estimates. In this situation there are, at least, four options available: (i) to proceed with the 
Nabseth-procedure or some variant of it, (ii) to make the estimations on adopters only and 
thus leave out information available about non-adopters, (iii) to use logit analysis (Oster 
and Quigley, 1977; Oster, 1982), or (iv) to use tobit analysis (Oster, 1982).

In an attempt to evaluate the available options, we can say that it is very uncertain whether 
alternative (ii) is "better” than alternative (i). The reason for this is that in alternative (ii) 
we will face a "bounded" dependent variable and we might have to face the alternative 
problem of heteroscedastic errors (Davies, 1979). Looking at the third option - logit 
analysis - we rind that this binary approach also has certain weaknesses. The binary 
approach might be seen as rather crude since it does not distinguish between early and late 
adopters, i.e. it does not permit analysis of diffusion over time (Karlson, 1986). One 
might also run into difficulties in interpreting parameter estimates, since they will depend 
upon the date of investigation, which is normally chosen quite arbitrarily (Davies, 1979). 
Problems of heteroscedasticity may also prevail (Davies, 1979).

We now return to the case with a right censored dependent variable, i.e. the case where 
adoption is measured on a continuous time scale but where a number of the 
establishments have not adopted by the time of investigation. In the statistics literature, the 
elapsed time from the start of a process until the date the event of interest occurs is termed 
the failure time. In this case, the analysis could be conducted by means of tobit analysis 
(Tobin, 1958; Maddala, 1983; Karlson, 1986). One could, for example, use the 
following model:

(5.2) i n  tj =a +
t

where tj is the failure time, are the unknown regression parameters, X j j ,  Xnj,
are characteristics of establishment j  and e j is a random error term, which has an 
assumed distribution (Lawless, 1982). Usually a scale parameter is allowed in the above 
model. This model can be estimated by means of maximum likelihood without the need of 
predicting the adoption date for those establishments that are non-adopters at the moment 
of investigation (Lawless, 1982). Models of this kind is often called accelerated failure 
time models (Kalbfleish and Prentice, 1980) and have, in recent years, been employed in 
the analysis of innovation adoption (Hannan and McDowell, 1984; Levin, Levin, and 
Meisel, 1987).
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Besides the methodological problems discussed above, many of the attempts to 
characterize (early) adopters face another problem, namely, a lack of longitudinal data. 
Normally, one only knows the establishment characteristics at the time of investigation 
and the date of adoption. Of course, this is not quite satisfactory since many (all?) 
establishment characteristics might be influenced by the innovation adopted. Thus, we 
face the possibility of a simultaneous equation bias, if, for example, early adoption of a 
new technique leads to faster subsequent establishment growth (Globerman, 1975). As a 
consequence, one might run into difficulties in sorting out causes and consequences. 
Lacking longitudinal data one has to rely on the underlying theoretical considerations. We 
may note that Mansfield (1963 a), in the classic work in this area, used a middle date in 
calculating the values for his independent variables while Oster and Quigley (1977) used 
initial values for the variables.

5.4.2 Statistical Methods Used in This Study for Characterizing (Early) Adopters

In the preceding subsection, we identified four regression methods that could be used to 
analytically characterize (early) adopters of new techniques. Each method is afflicted with 
certain weaknesses. In the current study, we use all the four methods. Our study covers 
different applications of information technology equipment in (i) administration and 
management, (ii) control of production processes, and (iii) information technology 
equipment (IT-components) in products.

As our main analytical method, we have chosen a modified Nabseth-apptoach that could 
be described as follows: We start by constructing an introduction index or speed 
indicator. To do this, we estimate for each individual type of application a function with 
the following logistic form:

/nZ(£) -  a 0 + a xt  + e; t -  1,2,.. a x > 0
(5.3)

Z(£) -  /« > /[ 1 - / ( 0 ]

where f ( t )  is the share of all production units which have introduced a given type of 
application in year t  and € is a random error term, which is assumed to be normally 
distributed. Now, let T be the year of observation and consider the variable A /:

(5.4) A/  -  [ l - / ( T )]/2

where /(T ) is the share value obtained from the estimated equation in (5.3).

To all units which at year T have not adopted the application studied we assign an artificial 
introduction year £* such that

(5.5) / ( £ * ) -  /<T> + A /

Using (5.3) and (5.5) we can for the actual type of IT-application i and production unit k 
attach an introduction year £*t. Let k -  1 be the first adopter of application t, and let t ^
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- 1. Then we can define the following introduction index, for each type of 
application.

(5.6) y*4-  l/**t .

From (5.6) we can construct a compound or average introduction index, y*, based upon 
the introduction index y4*, for the n different applications of a given category.

n
(5.7) y* = X ^ / n .

i =  1

Consider now a set of characteristics of establishments, z lf z 2...» 2111(1 let V signify the 
introduction index of IT-applications in the production process. Then we can use OLS to 
estimate regression equations of the following forms, where ß* is an estimate of the 
elasticity, bj  can be transformed into an estimate of the elasticity and e is a random error 
term, with an assumed normal distribution:

(5.8) l n  y =a + ^ ß t / n z t + 'J ' f i jx j  + e, and
t J

(5.9 ) £ n y = a + ^ b j X j  + e.
J

The main reason for choosing this approach as our main approach was that we felt it 
important to be able to make a distinction between early and late adopters. We employ the 
logistic function as the simplest and most widely used of a number of possible 
alternatives. As Hemes (1976) and Sahal (1981) note, it is not possible to discriminate 
between alternative models on empirical grounds. Hence we have not found it worthwhile 
for our purposes to provide a theoretical basis for specifying a precise functional form.

We also use equations (5.8) and (5.9) for making OLS estimations on adopters only. In 
that case we use the above procedure for constructing our introduction index with the 
exception that we do not assign any artificial introduction year to non-adopters.

The logit analysis is presented in Chapter 8 . We also use the accelerated failure time 
model presented as equation (5.2) above. The results are presented in Chapter 7. The 
estimations have been conducted by means of maximum likelihood.

There are several examples in the literature of how contingency table analysis has been 
used to investigate the connection between adoption rates or speed of introduction and 
establishment characteristics (Rees, Briggs and Oakey, 1983). We also use contingency 
table analysis to investigate how the speed of introduction is associated with single 
characteristics as well as pairs of characteristics of individual establishments. 
Unfortunately our material is too small to make it possible to include more than two 
characteristics at a time in the contingency table analysis. Of course, the contingency table
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analysis only serves as a simple hypothesis test with a somewhat limited value. We have, 
however, found it valuable to include the contingency table analysis in the empirical part 
of our study because it also serves the purpose of describing our data.

In the contingency table analysis, an introduction index is obtained simply by dividing 
users of IT-equipment and IT-components into two equally large groups: early users and 
late users. If we include the non-users, we can then form the following simple 
introduction index: Z° = non-users, Z1 = late users, and Z2 = early users. Forming 
analogous classes of the characteristics of each establishment, we construct contingency 
tables in which the Z-classification is matched with those other classifications. For each 
table we also calculate the pertinent x 2-value. The contingency table analysis has obvious 
relations to the logit model. In particular, the contingency table investigations describe the 
statistical material without using any assumptions about functional forms (Goodman, 
1971; Bishop and Fienberg, 1969).

5.5 Adopter Characteristics to Be Empirically Investigated in This Study

As described in Chapter 4, the regional environment of an establishment determines, to a 
large extent, the likelihood of success attached to each of the two major strategic options 
available for an establishment to strengthen its competitive position through the adoption 
of innovations - namely product and process development. For a given region and sector, 
one may simultaneously identify a set of characteristics for each single establishment 
which strongly influences the degree to which the investments are allocated to process and 
product development, respectively. Such characteristics also determine the relative speed 
of the adoption of new techniques.

The speed of introduction of new technical solutions into processes and products within 
establishments is a major focus of the current analysis. In product life cycle theory, 
process improvements are expected to dominate product development over time. As a 
product matures, it is produced in large scale establishments which are relocated to 
regions away from the location of head office and owners, with extended (long distance) 
markets and many customers. In Chapter 4, we presented a theoretical framework 
comprising models of regional specialization and product life cycles, formulated as 
dynamic processes. There we outlined different miniature models of product life cycles 
and pertinent technical and product vintages. One important message from this exercise 
was that the size of return on R&D investments and the adoption of new techniques 
depends on the ability to be an initiator or an early imitator.

With this framework as a background, in this section we will give a general overview of 
such adopter characteristics that will be investigated in the empirical part of this study. It 
is important to note that our research differs from its predecessors in its choice of 
explanatory variables. For each characteristic or group of characteristics we will indicate 
the expected direction of the relationship, i.e., if it is supposed to increase or decrease the 
propensity to adopt new techniques early.

Concerning process development, we make a distinction between: (i) the adoption of new 
techniques in the production processes, i.e. in manufacturing, and (ii) the adoption of
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new techniques in control processes, i.e. in managerial and administrative processes. 
Moreover, we observe the adoption of components which are inserted either into new 
products or into old products, which are thereby renewed or changed. We thus make a 
distinction between three major areas of technique applications and we expect them to 
display different requirements as regards establishment characteristics for an early 
adoption of new techniques.

5.5.1 The Data

The data used in the empirical part of this study was collected mainly by means of a 
questionnaire sent to the managing director (or equivalent) of the establishments within 
the engineering industry (SNI 38) in some regions of Sweden. However, in some cases 
the data has been collected by means of telephone interviews and in a few cases by means 
of personal interviews. In both types of interviews, the questionnaire was used when 
conducting the interviews. The exact coverage of the survey differs somewhat between 
the different regions. However, the data base used is described in more detail at the 
beginning of each of the empirical chapters.

The aim of the data collection was to identify (i) the time at which a number of different 
techniques based on information technology (IT) had been first adopted by the 
establishments, (ii) the pattem of diffusion of the different techniques with reference to 
time and space, and (iii) the possible independent variables which could be provided by 
the establishments at relatively low cost and without too much concern as to secrecy and 
which would permit the testing of some models and hypotheses concerning the 
determinants which either promote or hinder the spreading of new techniques.

For each of the three main areas of technique applications there is data on (i) the year of 
adoption of different applications of information technology (IT), (ii) specialized 
information networks (knowledge diffusion), (iii) investment efforts (share of total 
investments going to investments in IT-equipment) during a five year period or the value 
of IT-components as a share of total product value, (iv) number of persons capable of 
operating the IT-equipment or number of specialists in the development of the IT-content 
of the products. Moreover, for each establishment there is information about its size, 
other network properties (markets, location, ownership, etc), and its skill profile.

We shall organize the discussion about the establishment characteristics and their 
influence on the speed of adoption as follows: firstly, we discuss variables reflecting the 
skill-profile of an establishment, secondly, we discuss network properties referring to 
market structure, intra-enterprise communication and information sources with regard to 
new techniques, and thirdly, we discuss other variables included in the data.

5.5.2 Skill and Knowledge Variables

Our first core group of variables describes the skill or knowledge profile of each 
establishment. The skill profile of individual establishments is assumed to reflect the 
product cycle phase of each establishment and its capacity for R&D, and the adoption of
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new techniques in product and process development. In Chapter 4 we characterized 
product development as an activity which is R&D intensive, and which requires 
(engineering) skills as well as low friction channels for the diffusion of information and 
knowledge into the developing organization. According to such a view, one should also 
expect the skill requirements of product development to be different from those of process 
development. The skill characteristics used in this study are summarized in Table 5.1.

Table 5.1: Labour Force Skill Variables.

GENERAL EMPLOYMENT IT-EDUCATION AND
EDUCATION CATEGORIES (JOBS) -TRAINING

E = university engineers ST = science and technical EE = elementary
U = other university graduates AJ = administrative AE »administrative
CE = college engineers CJ » commercial TE » technical
CO = other college graduates MJ = manufacturing ME »management
0  = non-graduates OJ = other OE »other

With respect to IT-education and training we also make a distinction concerning the length 
of the education. We use 5 different classes in this case, labelled ITI - 5, where IT 1 
indicates the number of employees with no IT-education or training. If we can establish 
significant relationships between skill variables and the speed of adoption of new 
techniques, this can be interpreted as implying that the adoption of new techniques 
requires investment in the labour force by the establishments in the form of recruitment 
and/or training of the existing labour force.

Starting with general education, our theoretical considerations as well as our literature 
survey give us strong reasons for expecting a positive relationship between the stock of 
human knowledge within an establishment and the early adoption of new techniques for 
product and process development. We expect the number of employees with university 
degrees to be a reasonable indicator of the existing stock of human knowledge. We make 
a distinction between two types of employees with university degrees: university 
engineers (E) and employees with other university studies (U) but we cannot make any a 
priori discrimination concerning the type that will be most important for an early adoption 
of new techniques. If we emphasize decision-making in relation to the adoption of new 
techniques, we might expect other university degrees to be most important since we find 
employees with professional training in economics and business administration here. This 
could reflect the fact that process development in particular, but also product 
development, is based on new techniques developed by the suppliers of IT-equipment and 
components and that the adopting enterprises act rather as buyers of new technical 
solutions with limited development efforts of their own. On the other hand, if we believe 
that it is the technical skills that matter - that, in particular, product but also process 
development depends upon a development effort at the establishment level - we might 
expect the number of university engineers to be the most influential characteristic. 
However, it might actually be the case at least for process applications that the difference
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between technical and non-technical university education concerning their influence on the 
speed of adoption is not very marked (Johansson and Larsson, 1986).

Now turning to specific skills, i.e. IT-education and training, we expect the number of 
employees trained in technical applications (TE) to be positively related to the speed of 
adoption of IT-applications in product development and in development of the production 
processes. The speed of adoption of IT-applications in control processes is, on the other 
hand, assumed to be positively related to the number of employees trained in 
administrative applications (AE) and also to the number of employees trained in 
management applications (ME). An alternative indicator of IT-education and training is the 
distribution of the employees according to the length of specific education or training. 
For all three main types of applications we believe that there will be a positive relationship 
between the speed of adoption and the number of employees in the four classes IT 2 - 5.

We now shift our focus to the influence of the different employment or job categories on 
the speed of adoption. Starting at the bottom of this column and disregarding the number 
of employees in other jobs, we find the number of employees in manufacturing jobs (MJ) 
which we expect to be positively related to the speed of adoption of IT-applications in the 
production processes. The number of employees in commercial jobs (CE) is an indicator 
of the intensity of the market contacts and thus an indicator of the flow of information 
from the market place. This information flow also contains information about new 
techniques. Hence we presume that there will be a positive relationship between CE and 
the speed of adoption for all three main types of applications. We believe the number of 
employees in administrative jobs (AJ) is positively related to the speed of adoption of IT- 
applications for control processes. Lastly, at the top we have the number of employees in 
scientific and technical jobs (ST). ST might be seen as an indicator of the R&D capability 
of an establishment. We expect ST to be positively related to the speed of adoption of IT- 
applications in the production processes, and of IT-components in products. In part of 
our data we also have another indicator of R&D commitment, namely R&D-costs as a 
share of the total turnover of the establishment. Of course, we also believe this variable 
(RD) to be positively related to the speed of adoption of IT-applications in the production 
process and of IT-components in products. We believe both ST and RD have their 
strongest influence on product development.

The skill variables presented here have been defined as the number of employees that falls 
within the actual category. If we find that such a variable significantly influences the 
speed of adoption, this actually reflects a scale dependent factor. Our earlier studies give 
us reason to expect that the influence of skill variables has the form of a "critical mass" 
effect (Johansson and Karlsson, 1986). In a simultaneous assessment, the number of 
employees in a certain skill category has a positive influence on the speed of adoption, 
whilst the share of employees in the same skill category has a negative influence.

5.5.3 Network Variables

We noted in Chapter 4 that product and process development cannot rely entirely on R&D 
efforts made in splendid isolation. A major share of the development activities in an 
establishment is based upon diffusion of information and knowledge through various
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contact and transmission networks. This consideration is especially relevant in those cases 
where the development activities have the form of the adoption of new techniques. In the 
empirical investigation, separate aspects of each establishment's network properties are 
included.

As regards the network properties of the establishments, we make a distinction between 
what we call (i) specialized information channels, and (ii) non-specialized information 
channels. We make a distinction between the following six types of specialized 
information channels:
c = consultants,
cc = courses and conferences,
F = fairs and exhibitions,
MP = producers and sellers of IT-equipment and IT-components,
J = journals,
OI = other information channels.

Regarding the role of specialized information channels in the adoption of new techniques, 
we expect adopters and, in particular, early adopters to have more developed specialized 
information networks than non-adopters. In particular, we expect producers and sellers of 
IT-equipment and components to play a leading role as information channels, since they 
have an active interest in furthering the spread of their products. We also expect 
consultants to be an important information channel, since in many situations, buyers of 
products embodying innovations have to rely on the expertise of third parties. Actually, 
the role of consultants and similar agents in the diffusion process has been little explored 
in the literature (Rosegger, 1986). As a general rule, we expect the use of specialized 
information channels to be positively related to the adoption of IT-applications in our three 
main areas.

We also make a distinction between the following types of non-specialized information 
channels:

L: Head office location: I4  = in the region, L2 = domestic, but outside the region, and
L3 = abroad.

K: Location of major owner(s): K\  = in the region, K2  = domestic, but outside the
region, and K3 = abroad.

M: M arket extension (M), share of sales going to export, M i = low, M2 = medium,
and M3 = high.

CD: Customer dependence (CD), share of sales going to the four largest customers, 
CDi = low, Œ >2 = medium, and CD3 = high.

With the two variables, location of head office (L) and of major owner(s) (K), we add a 
spatial dimension to our concept of information networks. The location of head office is a 
factor which merely reflects inter-enterprise networks. The location of major owner(s) 
should rather indicate whether or not an establishment belongs to an enterprise 
(corporation) with a rich network of information channels. If we look at one variable at a 
time, we can, as a preliminary rule, expect a location outside the region to have a positive 
influence on the adoption speed for all three major types of IT-applications.
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However, in accordance with the product life cycle, we might expect a local head-office to 
favour product and to disfavour process development by means of the adoption of new 
techniques. Now, for example, if we consider L or K simultaneously with establishment 
size (measured in number of employees), we might moderate the above preliminary 
expectations somewhat. For example, it might be the case that it is more advantageous to 
have the head office outside the region for the adoption of new techniques in products and 
production processes in small establishments. For large establishments, on the other 
hand, it might be more advantageous to have the head office within the region for product 
applications while for applications within production processes head office location might 
be a characteristic without influence. As regards size-owner dependence, for applications 
both in products and production processes we might expect size dependence to be much 
smaller for units with their owner(s) outside the region than for those with a local owner. 
(Johansson and Larsson, 1986).

Considering L and K simultaneously on the basis of part of the data employed in the 
current study, Johansson and Larsson (1986) found that major owner(s) located in the 
region had a negative influence, and head offices located in the region had a positive 
influence on the speed of adoption of IT-components in products. This result seems to 
indicate that head office location at least is not only an indication of the characteristics of 
the information networks of an establishment, but also an indicator of decision-making 
capability at the establishment level, i.e. whether the establishment is locally controlled or 
not. As an alternative to L and K, we use the variable ”affiliation to a multi-establishment 
enterprise” (MEE). This is also an indicator of the characteristics of the information 
networks at the establishment level. We expect a positive relationship between MEE and 
the speed of adoption for all three major types of applications.

The market networks of an establishment are reflected by its trade patterns. The 
characteristic market extension (M) is an important indicator of the flow of information 
that reaches an establishment from different markets. We expect market extension to be 
positively related to the speed of adoption for all three major types of applications. 
Customer dependence (CD), on the other hand, indicates the number of extensions in the 
market information network. It seems reasonable to assume that a low number of 
extensions, i.e. high customer dependence, should have a negative influence on all three 
major types of applications. A high degree of customer dependence could be an indication 
of a sub-contractor relationship. As there are always transaction costs for the customer to 
end such a relationship, a sub-contractor may almost be said to live in a protected market. 
He does not then meet the same competitive pressure as ordinary establishments and thus 
has less incentive to introduce new productivity-increasing techniques. He also has few 
incentives to introduce new techniques in his products since his product development lies 
in the hands of his customers. Hence, high customer dependence may be assumed to 
reflect standardized products and, thus, limited stimulus to vary and experiment with 
product characteristics, and to introduce new techniques in the production processes. In 
accordance with the product life cycle theory, we might expect low customer dependence 
to be more favourable for process than for product development.

Considering the combined effect of customer dependence and market extension, we can 
expect the introduction speed to be significantly higher for low customer dependence at
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least for applications in the production processes. In addition, we can expect the speed of 
adoption to increase as sales become more long distance (Johansson and Larsson, 1986).

5.5.4 Other Characteristics

In this subsection we shall discuss the characteristics of establishments which are neither 
skill nor network characteristics. The first of these variables is size (S), measured in the 
total number of employees, which is also an indicator of production scale. In line with our 
theoretical results and the results of other studies, we might expect S to have a positive 
influence on the speed of adoption for all three major types of applications. In accordance 
with the product life cycle theory, we might also expect that the influence would be 
stronger on process development than on product development and that in the case of 
process development, we should find the strongest influence in the case of the 
development of control processes. However, it might be the case that the influence of size 
has been overestimated in the literature. This might happen if the models used have been 
poorly specified and a number of relevant explanatory variables excluded. Then, S is 
nothing more than a proxy for one or several variables that have not been properly 
specified. Hence, we should not be surprised if different skill and network variables turn 
out to be more important explanatory variables than size. On the other hand, we could, of 
course, say that, in that case, the size factor is indirectly represented by an establishment's 
ability (i) to keep a large number of employees with various university degrees, (ii) to 
carry out internal technique-specific training of the labour force, (iii) to maintain a rich 
network of information channels, and (iv) to finance investments in new technical 
equipment.

The next two variables to consider are the shares of total investments going to investments 
in IT-equipment for control processes and production processes respectively (HA and 
HP, respectively) during a five year period. This variable can be seen as an indicator of 
the economic efforts associated with the adoption. We expect a positive relationship 
between HA and HP and the speed of adoption in the two actual cases. However, we 
expect the relationship to be weaker in the case of control processes than in the case of 
production processes, since the latter is more investment intensive. In the case of product 
development we have a variable specifying the value of the IT-content (hardware + 
software) as a share of total product value (V). We expect a positive relationship between 
V and the speed of adoption of IT-components in products, i.e. the economic impact of a 
new technical application is greater, the earlier it is introduced.

We have now presented our theoretical considerations, our statistical methods and our 
data and now we turn to the presentation of our empirical results. The next four chapters 
are devoted to this presentation. We start in Chapter 6 with a comparison of the 
characteristics of those establishments that are early users of applications of information 
technology for process and product development.
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6. SPEED OF ADOPTION AND THE CHARACTERISTICS OF EARLY
ADOPTERS

6.1 fotoducfeai

This chapter is the first of our four empirical chapters. The purpose of this chapter is to 
make a comparison of the characteristics of those establishments that are early users of 
applications of information technology for process and product development. The 
statistical investigation in this chapter is a study of the adoption of applications of 
information technology (IT) in the engineering industry in two Swedish counties - 
Värmland and Älvsborg. The industries included in the study are engaged in the 
manufacture of (i) metal products, (ii) machinery and equipment, (iii) electrical equipment 
and components, (iv) transport equipment, and (v) instruments.

The engineering industry is of special interest, since its IT-applications include 
investments in both process automation and product development. The study is based on 
a survey of all engineering establishments with more than four employees. Some 
information has been collected from approximately 95 % of the total number of 
establishments and full information exists for about 75 % of the total number of 
establishments. The coverage of the total number of employees in the pertinent industries 
is approximately the same. The results presented here are based on statistical analyses of 
approximately 350 establishments.

The chapter is organized as follows: In Section 6.2 we illustrate the process of diffusion 
of IT-applications in our three main fields - administration and management, production 
and products. Section 6.3 is devoted to a contingency analysis of the connection between 
human skills and the adoption of IT-applications in our three main fields. In Section 6.4 
we investigate by means of contingency analysis the importance of different specialized 
information channels for the adoption of IT-applications in our three main fields and in 
Section 6.5 we make a similar investigation as regards non-specialized information 
channels. The simultaneous effect of human skills and specialized and non-specialized 
information channels, respectively, on the speed of introduction of IT-applications in our 
three main fields we examine by means of contingency analysis in Section 6 .6 .Finally, in 
Section 6.7 we present the results of a simultaneous assessment of the influence of 
different variables on the speed of introduction in our three main fields by means of 
regression analysis.

6.2 The Diffusion Process

To illustrate the process of diffusion of IT-applications in our three main fields 
administration and management, production and products, we have estimated the logistic 
curve of equation (5.3) for each field. In formula (6.1), (6.2) and (6.3) we present the 
estimated equations for administration, production and products, respectively. The t- 
values of the estimated parameters are given within brackets.

(6.1) i n  Tit) = -21.01 + 0.261C, R2 (adj.) = 98.3. 
(-36.4) (34.0)
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Figure 6.1 Introduction of IT-Applications in Administration and Management

(6.2) I n  Z(t) = -21.12 + 0.245t, R2 (adj.) = 98.5.
(-40.9) (35.8)
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Figure 6.2 Introduction of IT-Applications in the Production Process.

(6.3) i n  Z(t) = -23.70 + 0.270t, R2 (adj.) = 97.8. 
(-31.5) (27.5)
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Figure 63  Introduction of IT-Components in Products.

We can see that the logistic function approximates the diffusion process quite well in all 
three cases. However, our main interest is not attached to the diffusion process at such 
but to the characteristics of those establishments that are early adopters. We now turn to 
an investigation of those characteristics.

6.3 H u n m S la llg jffld ^

In this section we will examine the role of the knowledge level, i.e. human skills, for the 
adoption of IT-applications in administrative processes, in production processes and in 
products. We measure the knowledge level by means of the basic educational variables 
defined in Chapter 5. In table 6.1 we present a contingency table for the variables Z - the 
introduction index (defined in Chapter 5) - and E - the number of university engineers 
employed. The table shows that the speed of introduction of IT-applications in 
administrative processes seems to have a significant positive connection with the size of 
E. However, the influence of the number of employees with a non-technical university 
education and the number of college engineers employed, respectively, on the 
introduction speed are also found to be significant (x2 = 20; df = 4, in both cases).
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Table 6.1: Employees with Technical University Education and IT-Applications in
Administration (%)

Speed of introduction E=0 1<£<4 E>4

Non-adopters (Z°) 18 5 0

Late adopters (Z1) 40 42 30
Early adopters (Z2) 42 53 70

SUM 100 100 100

N = number of observations = 319; X2 = 20; d f= degrees of freedom = *1;
significance level: 0.001

In Table 6.2 we present a contingency table for the variables Z, our introduction index 
and E, the number of university engineers employed, showing that for production 
processes the speed of introduction of IT-applications seems to be strongly influenced by 
the size of E.

The influence factor in Table 6.2 is the most significant of the basic education variables, 
shown in Table 6.3, which summarizes the significance of the influence of three basic 
education variables as regards the introduction of IT-applications in the production 
process.

Table 6.2: Employment of University Engineers and IT-Applications in the
Production Process (%)

Speed of introduction E=0 lsEstf E>4

Non-adopters (ZP) 60 31 11

Late adopters (Z^) 26 31 26
Early adopters (Z2) 14 38 63

SUM

N = 319; X2 = 50;clf = 4; significance level: 0.001

100 100 100
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Table 63: Basic Education Variables and the Introduction of IT-Applications in the
Production Process

Speed of introduction against X2 df Significance level

University engineers (E) 50 4 0.001

College engineers (CE) 45 4 0.001

Other university graduates (U) 41 4 0.001

Note: E, CE and U are subdivided as E in Table 6.2

Turning to the adoption of IT-components in products, we can see from the contingency 
table given in Table 6.4 that the employment of university engineers (E) seems to play a 
significant role for the capability of an enterprise to develop products containing IT- 
components. The early adoption of IT-components in products seems also to be 
significantly associated with the number of college engineers employed (x2 = 23; df -  4) 
and the number of employees with a non-technical university education (x2 = 22; df = 4).

Table 6.4: Employment of University Engineers and IT-Components in Products (%)

Speed of introduction E=0 1<E<4 E>4

Non-adopters (ZP) 82 55 33
Late adopters (Z^) 8 31 30
Early adopters (Z^) 10 14 37

SUM 100 100 100

N = 319; x 2 = 48; df = 4; significance level: 0.001

If we now compare the relationship between the speed of introduction and the knowledge 
level measured by the number of university engineers employed, we can see indications 
of a strong influence in the case of the introduction of IT-applications in the production 
processes and of IT-components in products and of a somewhat weaker influence in the 
case of the introduction of IT-applications in the administrative processes. A possible 
explanation for this difference is that administrative data processing is more often bought 
from external data processing bureaux.

We now turn to an investigation of the combined effect of size and knowledge level upon 
the speed of introduction. In Table 6.5 we present a contingency table in which the effects 
of size (S) and the employment of university engineers on the speed of introduction of IT- 
applications in administrative processes are examined simultaneously. We notice that the
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influence of the skill factor is not clear-cut in this case but that the employment of 
university engineers increases adoption speed among the largest establishments and that 
the lack of university engineers among the smallest establishments increases the 
probability of not having adopted at the moment the survey was conducted. Large size, on 
the other hand, clearly increases the probability of being an early adopter.

Table 6.6  gives a contingency table in which the size (S) and basic education effects are 
examined simultaneously for IT-applications in the production process. We see here that 
for establishments not employing any university engineers, the probability of adoption of 
IT-applications increases with the increasing size of the establishment. For establishments 
employing university engineers, we find, somewhat unexpectedly, the lowest adoption 
rate among the medium sized establishments. However, the dependence on the 
employment of university engineers for an early adoption of IT-applications in the 
production process grows as the establishment size increases.

labte. Size, University Engineers and the Introduction of IT-Applications in 
Administration (%)

Speed of introduction 4<S<20 20£S<50 SS50

E=0 ESI E=0 ESI E=0 ESI

Non-adopters (ZP) 26 5 6 6 4 0

Late adopters (Z^) 35 52 52 67 42 27
Early adopters (Z^) 39 43 42 27 54 73

SUM 100 100 100 100 100 100

N = 319; X2 * 51; df = 10; significance level: 0.001
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Table 6 .6 : Size, Basic Education and the Introduction of IT-Applications in the
Production Process (%)

Speed of introduction 4<S<20 20<S<50 S>50

E=0 E>1 E=0 E>1 E=0 E£1

Non-adopters (ZP) 68 33 52 53 33 16
Late adopters (Z^) 22 48 34 20 29 26
Early adopters (Z^) 10 19 14 27 38 58

SUM 100 100 100 100 100 100

N = 319; X2 = 77; df = 10; significance level: 0.001

In Table 6.7 the contingency table illustrates the simultaneous influence of the size and 
number of university engineers employed on the speed of adoption of IT-components in 
products. We may observe that, except for early adopters in the smallest size category, 
adoption is positively influenced by the employment of university engineers. The 
influence of the size factor is quite weak. The smallest share of non-adopters is actually 
found among the medium-sized establishments.

Table 6.7: Size, Employment of University Engineers and the Introduction of IT- 
Components in Products (%)

Speed of introduction 4<S<20 20<S<50 S>50

E=0 E>1 E=0 E>1 E=0 E>1

Non-adopters (Z^) 83 52 77 47 88 48
Late Adopters (Z*) 7 38 10 33 4 28
Early Adopters (Z^) 10 10 13 20 8 24

SUM 100 100 100 100 100 100

N = 319; X2 = 44; df = 10; significance level: 0.001

Comparing the results of this examination of the simultaneous effect of knowledge level 
and size on the speed of introduction, one interesting observation we can make is the 
weak size effect in the case of IT-components in products. This means that the 
introduction of IT-components in products does not seem to be dependent on the size of
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establishments. On the other hand, we find a clear influence from the knowledge level 
variable. Another interesting observation is that in the case of administrative as well as 
production processes we have clear (but somewhat mixed) size effects. This is quite in 
line with the product life cycle theory that postulates a relationship between process 
development and increasing scale of production.

6.4 Specialized Information Channels and the Adoption oflT-Applitatiorts

We now continue our study by investigating the role of specialized information channels 
in the adoption of IT-applications. The different types of specialized information channels 
covered by the survey were presented in Chapter 5. Pot the introduction of ÌT- 
applications in administrative processes we have found that machine producers and sellers 
(X2 = 15; df = 2) and courses and conferences (x2 = 10; df= 2) ate the two specialized 
information channels with the highest significance level.

In the case of IT-applications in production processes we found that consultants together 
with courses and conferences (x2 = 5.4; df = 2, in both cases) are the only specialized 
information channels which which seem to influence the introduction speed significantly. 
If we reduce the introduction speed variable to a simple yes/no-variable, we get the picture 
illustrated in Table 6 .8. The table shows that while adopters have consultants, courses 
and conferences, and other information sources as important information channels, non- 
adopters seem to read journals, visit fairs and exhibitions, and have contacts with machine 
producers and sellers as frequently as adopters.

Table 6 .8 : Specialized Information Channels and the Adoption of ÌT-applicatiotiS In
the Production Process

Adoption (yes/no) against X2 df Significance level

Consultants (C) 5.4 1 0.025
Courses and conferences (CC) 4.5 1 0.05
Other information channels (01) 3.3 1 t u o
Journals (J) 2.2 1

Fairs and exhibitions (F) 1.8 1

Machine producers and sellers (MP) 0 .0 1

Remark: C, CC, 01, F and MP are coded yes and no.

In the case of IT-components in products we only have one information channel which 
seems to be significantly associated with the speed of introduction, namely producers and 
sellers of IT-components. The relevant contingency table is presented in Table 6.9
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Table 6.9: Producers and Sellers of IT-Components as an Important Information
Channel and the Introduction of IT-Components in Products (%)

Speed of introduction No Yes

Non-adopters (TP) 49 25
Late adopters (Z^) 29 37
Early adopters (Z?) 22 38

SUM 100 100

N = 126; = 8; df = 2; significance level: 0.025.

A comparison between the results for our three main applications show that producers and 
sellers of equipment and components seem to be an important specialized information 
channel and have a clear relationship with the speed of introduction in two cases. 
Somewhat unexpectedly, this is not the case when it comes to IT-applications in the 
production process.

If we now turn to the simultaneous influence of size and specialized information channels, 
we combine size with machine producers and sellers (MP) as an important information 
channel and present the result for IT-applications in administration in Table 6.10. In the 
table we see that the MP-variable is of importance for early adopters among small and 
medium-sized establishments and for late adopters among small and large establishments.

In Table 6.11 we present a contingency table in which we examine the simultaneous 
effects of the strongest specialized information channel - consultants - and size on the 
introduction speed of IT-applications in the production process. We notice that 
consultants as an information channel seem to have a definite effect on the adoption 
propensity in all three size classes.

We also examine the simultaneous effect of producers and sellers of IT-components as an 
important information channel and size on the speed of introduction of IT-components in 
products. However, the pattern is non-significant (x 2 =15; df = 10).
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Table 6.10: Machine Producers and Sellers as an Important Information Channel,
Establishment Size and the Introduction of IT-Applications in 
Administration (%)

Speed of introduction 4<S<20 2fc2S<50 SS50

MP=No MP=Yes MP=No MP=Yes MP=No MP=Yes

Non-adopters (ZQ) 26 4 8 0 0 2

Late adopters (Z^) 38 46 56 56 22 40
Early adopters (Z^) 36 50 36 44 78 58

SUM 100 100 100 100 100 100

N = 268; X2 = 53; df = 10; significance level: 0.001

Table 6.11: Consultants as an Information Channel. Establishment Size and the
Introduction of IT-Applications in the Production Process (%)

Speed of 4<S<20 20<S<50 S>50
introduction

C=No C=Yes C=No C=Yes C=No C=Yes

Non-adopters (ZP) 43 31 32 17 15 9
Adopters (Zl+Z2) 57 69 68 83 85 91

SUM 100 100 100 100 100 100

N = 220; X^ = 45; df =5; significance level: 0.001

6.5 NQn-sp^aliKd Mormtion Qiannglsmd thg Adoption of H-Applications

In this section we investigate the role of non-specialized information channels in the 
adoption of IT-applications in the main areas of application. A general observation is that 
the strongest influence on the speed of introduction seems to come from market extension 
(M) and the location of the major owner (K).

We start by examining the influence of market extension on the speed of introduction of 
IT-applications in administrative processes. The influence of market extension is 
illustrated in Table 6.12. We note that establishments with low export shares - indicating a 
low volume of information flowing from foreign markets - lag in the introduction of IT-
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applications in administration and management. We might note that customer dependence 
- the share of sales going to the four largest customers - does not seem to have any 
significant influence (x2 = 6 ; df = 4).

Table 6.12: Market Extension and IT-Applications in Administration (%)

INTRODUCTION Mi m 2 m 3

Non-adopters (ZP 22 8 5
Late adopters (Z*) 44 41 32
Early adopters (Z^) 34 51 63

SUM 100 100 100

N * 313; X2 = 26; df * 4; significance level: 0.001.

In Table 6.13 we give a contingency table for M and Z showing that the speed of
introduction of IT-applications in the production process seems to be strongly influenced
by the market extension of the establishments. There is a strong positive effect on the
speed of introduction in those cases where exports account for both a high and a medium
sized share of total sales. Customer dependence, on the other hand, does not seem to have
any significant influence on the speed of introduction (x2 = 6 ; df =:4).

Table 6.13: Market Extension and IT-Applications in Production Process (%)

Speed of introduction Mi m 2 m 3

Noii-adopters (ZP) 63 45 29
Late adopters (Z^ 26 35 19
Early adopters (Z^) 11 20 52

SUM 100 100 100

N = 313; x 2 = 52; d f=4 ; significance level: 0.001.

We now turn to the role of market extension in the case of IT-components in products. A 
contingency table showing the influence of market extension is presented in Table 6.14. 
We see that large as well as medium-sized export shares have a strong influence on the 
propensity to adopt IT-components in products. It might be of value to discuss the 
relationship between market extension and the adoption of IT-components in products 
further. Is there, actually, a causal relationship between market extension and adoption or
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is it the other way around, i.e. that early adoption stimulates market extension? Our data 
do not permit us to determine the direction of the influence, if there is a causal influence. 
We must remember that the data used in this chapter have been collected in two peripheral 
regions. From the point of view of the spatial product life cycle we might expect the 
production of products containing new innovative inputs, such as IT-components, to be 
relocated when the product technology has become standardized during the growth stage. 
Production now normally takes place in larger units that need extended markets to sell 
their total output. Thus, innovation adoption and market extension might go hand in hand 
in peripheral regions. Customer dependence seems, on the other hand, to have no 
significant influence on the introduction speed (x2 = 4; df=4).

T a b l e t s  Market Extension and IT-Components in Products (%)

Speed of introduction M! m 2 m 3

Non-adopters (ZP) 87 69 52
Late adopters (Z*) 7 17 25
Early adopters (Z^) 6 14 23

SUM 100 100 100

N = 313; X2 = 32; df = 4:; significance level: 0.001.

Market extension seems to have the strongest influence of the speed of introduction in the 
case of IT-applications in the production process. This is in line with what we have 
reason to expect. In the product life cycle theory, process development is connected with 
extended markets.

We now turn to a simultaneous examination of the effects of market extension and size on 
the introduction speed. Table 6.15 illustrates the effects in the case of IT-applications in 
administrative processes and we see that both size and market extension seem to have 
clear influences on the speed of introduction.
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Table 6.15: Market Extension, Size and IT-Applications in Administration (%)

Speed of 
introduction

4<S<20 20<S<50 S>50

Mi M2 M3 Mj M2 M3 Mi M2 M3

Non-adopters (Z^) 
Late adopters (Z*) 
Early adopters (Z^)

27 19 20 
38 42 25 
35 39 55

17 0 0 
53 59 50 
30 41 50

0 3 0 
69 25 27 
31 72 73

SUM 100 100 100 100 100 100 100 100 100

N = 313; x ^  = 59; df = 16; significance level: 0.001

Table 6.16 is a contingency table in which we illustrate the simultaneous effect of market 
extension and size on the introduction speed of IT-applications in the production process. 
We can see that the influence of market extension is very strong on the large 
establishments. At the same, time it is clear that size alone has an important influence on 
the introduction speed.

In Table 6.17 we examine the simultaneous influence of establishment size and market 
extension on the speed of introduction of IT-components in products. The overall 
impression from the table is that market extension seems to be more important than size 
for the adoption of IT-components in products. In other words, product development is 
probably more stimulated by rich market contacts than by establishment size.

Table 6.16: Market Extension. Size and IT-Applications in the Production Process

Speed of 
introduction

4<S<20 20<S<50 S>50

Mj M2 M3 Mi M2 M3 Mi M2  M3

Non-adopters (Zß) 
Late adopters (Z}) 
Early adopters (Z^)

65 67 55 
24 28 25 
11 5 20

63 48 44 
27 35 28 
10 17 28

46 19 10 
39 44 12 
15 37 78

SUM 100 100 100 100 100 100 100 100 100

N = 313; = 104; df = 16; significance level: 0.001.
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Table 6.17: Market Extension, Size and IT-Components in Products (%)

Speed of 
introduction

4<S<20 20SS<50 SS50

M i M2 M3 Mj M2  M3 Mi M2 M3

Non-adopters (ZP) 88 64 65 83 76 45 85 69 49
Late adopters (Zl) 7 22 15 7 10 33 15 16 27
Early adopters (Z^) 5 14 20 10 14 22 0 15 24

SUM 100 100 100 100 100 100 100 100 100

N = 313; X2 = 38; df = 16; significance level: 0.005.

We now go on to examine how the speed of introduction is influenced by the location of 
the major owner(s) of the establishment. The location of major owner(s) indicate mainly 
whether an establishment belongs to an enterprise with a rich network of information 
channels. Being part of a larger enterprise means that an establishment can take advantage 
of information gathered or generated by other establishments within the enterprise. We 
also expect that establishments located in a peripheral region like the Vfirmland-Älvsborg 
region and having their major owner(s) located in another, more central, region will be 
able to adopt new techniques earlier than locally owned establishments as a result of the 
process of relocation when products become standardized.

In Table 6.18 we present a contingency table illustrating the influence of the location of 
the major owner(s) on the adoption of IT-applications in administrative processes. The 
table indicates that establishments with the major owner(s) located within the region 
(county) (Ki) lag behind in the adoption process compared with establishments that have 
their major owner(s) located outside the region but within the country (K2) or abroad (K3)
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Table 6.18: Location of Major Owner(s) and IT-Applications in Administration (%)

Speed of introduction Ki K 2+K 3

Non-adopters (Z°) 
Late adopters (Z1) 
Early adopters (Z2)

18
42
40

1

37
62

SUM 100 100

N = 328; x 2352! ; ^ “ 2; significance level: 0.001.

Another factor reflecting intra-company networks is the location of the head-office. The 
influence pattern is the same as for the location of the major owner but the significance 
level is lower (x2 = 11; df = 2).

The contingency table presented in Table 6.19 illustrates the effects of the location of the 
major owner(s) on the introduction of IT-applications in the production process. We see 
that the speed of introduction is positively stimulated when the major owner(s) is (are) 
located outside the region. The location of the head office shows the same influence 
pattem as the location of major owner(s) but the significance level is lower (x2 = 20 ; df = 
2 ).

Table 6.19: Location of Major Owner (si and IT-Applications in the Production 
Process (%)

Speed of introduction Ki k 2+k3

Non-adopters (ZP) 
Late adopters (Z1) 
Early adopters (Z2)

58
26
16

27
27
46

100 100

N = 328; x2 = 38; df = 2; significance level: 0.001.

The importance of the location of the major owner(s) for the introduction of IT- 
components in products is investigated with the help of Table 6.20. We observe a strong 
link between having the major owner(s) located outside the region and an early adoption 
of IT-components in products. The location of head office facilities shows a lower 
significance level (x 2 = 10; df = 2).
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With regard to the influence from the location of the major owner(s) on the speed of 
introduction, we see that the clearest influence was found in the case of IT-applications to 
the production process. This can be interpreted within the framework of the spatial 
product life cycle theory, according to which relocation of production and the introduction 
of new process techniques can be seen as simultaneous processes. In this context, we 
assume that the existence of a major non-local owner indicates that the production is likely 
to have been spatially relocated at an earlier stage.

Table 6.20: Location of Major Owner(s) and IT-Components in Products (%)

Speed of introduction Kl K2+K3

Non-adopters (Zß) 78 58
Late adopters (Z^) 12 19
Early adopters (Z?) 10 23

SUM 100 100

N = 328; = 13; dl = 2; significance level: 0.005.

6.6 Human Skills. Information Channels and the Adoption of IT-Applications

In this section we will examine the simultaneous effect of skills and specialized and non
specialized information channels, respectively, on the speed of introduction of IT- 
applications. In the case of specialized information channels, the main purpose is to 
examine the relationship between flows of external information and the capability of 
internal information generation. In particular, we are interested in seeing whether the two 
kinds of information sources are substitutes or complements. We start in Table 6.21 by 
combining speed of introduction with the employment of university engineers (E) and the 
importance of machine producers and sellers (MP) as an information channel. We observe 
that the employment of university engineers clearly increases the probability of being an 
early adopter of IT-applications for administration and management. Machine producers 
and sellers, on the other hand, only seem to have an influence on introduction speed in 
those establishments that have no university engineers employed. This might be 
interpreted as an indication of the fact that external information may be a substitute for 
internal information generation capability.
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Table 6.21: Skills, Information and IT-Applications in Administration (%)

Speed of 
introduction

E = 0 E > 1

MP=NO MP=YES MP=NO MP=YES

Non-adopters (ZP) 
Late adopters (Z*) 
Early adopters (Z^)

22 3 
35 50 
43 47

2  0 

39 40 
59 60

SUM 100 100 100 100

N = 264; x 2 = 3 3 ;d f= 6; significance level: 0.001.

In Table 6.22 we present a contingency table showing how the speed of introduction of 
IT-applications in the production process is influenced by the simultaneous effects of the 
strongest basic education variable - the number of university engineers - and the strongest 
of the specialized information channels - consultants. The table shows that both variables 
have a strong influence on the introduction speed. However, it may be noticed that 
consultants only influence the introduction speed in those enterprises which have no 
university engineers employed. Thus, we may assert that consultants, to a certain extent, 
function as a substitute for staff skills and internal knowledge in the enterprise.

Table 6.22: Skills. Information and IT-Applications in the Production Process (%)

Speed of 
introduction

E = 0 E £ 1

C=NO C=YES C=NO C=YES

Non-adopters (ZP) 
Late adopters (Z*) 
Early adopters (Z^)

41 16 
37 60 
22 24

15 18 
30 29 
55 53

SUM 100 100 100 100

N = 220; x 2 = 31; df = 6; significance level: 0.001.

In Table 6.23 we study the speed of introduction of IT-components in products. We 
examine the simultaneous effect of having producers and sellers of IT-components as an
important information channel and employing at least one university engineer. We note
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that it is among late adopters in particular that the employment of university engineers is 
an important factor in stimulating adoption. It is interesting to observe that here we have 
indications of external information being both a substitute for and a complement to 
internal information generation.

Skills, Information and IT-Components in Products (%)

Speed of 
introduction

E = 0 E S I

MP=NO MP=YES MP=NO MP=YES

Non-adopters (Zp) 60 31 37 18
Late adopters (Z}) 16 31 42 45
Early adoptas (Z^) 24 38 21 37

SUM 100 100 100 100

N = 126; X2 = I4'» df = 6; significance level: 0.05.

According to the spatial version of the product life cycle, we expect the introduction of IT- 
applications for process development to be related to a relocation of production in later 
phases of the product life cycle. At this stage, production mainly takes place in large-scale 
establishments which need extended markets to be able to sell their total output. Extended 
markets provide a lot of information about the IT-applications for process development 
used by other establishments. However, we also expect the early adoption of IT- 
applications by an establishment to depend upon its knowledge stock. Thus, we expect 
both market extension and knowledge stock to have a positive influence on the speed of 
introduction of IT-applications in the production process.

In Table 6.24 we examine the simultaneous effects of skill and market extension on the 
speed of introduction of IT-applications in administration and management. The table 
indicates that both the employment of university engineers and market extension have 
clear effects on the speed of introduction. The same effect is even stronger when we study 
IT-applications in the production process. This is illustrated in Table 6.25. Thus, our 
expectations are confirmed.
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Table 6.24: Education, Market Extension and IT-Applications in Administration (%)

Speed of 
introduction

E = 0 E S I

M i M2  M3 Mi M2 M3

Non-adopters (ZP) 24 13 9 6  0  2

Late adoptas (Zl) 43 40 33 50 45 29
Early adopters (Z^) 33 47 58 44 55 69

SUM 100 100 100 100 100 100

N = 309; ~ 34; df = 10; significance level: 0.001.

Table 6.25: Education. Market Extension and IT-Applications in the Production 
Process (%)

Speed of 
introduction

E = 0 E S I

M l M2  M3 M i M2 M3

Non-adopters (ZP) 67 57 42 37 24 20
Late adopters (Z^) 24 33 15 44 36 22
Early adopters (Z^) 9 10 43 19 40 58

SUM 100 100 100 100 100 100

N = 309; X2 = 73; df = 10; significance level: 0.001.

As regards the introduction of IT-components in products we expect that, in line with the 
spatial version of the product life cycle theory, a new product technique is transferred 
from centre to periphery when it has become standardized. At this stage, establishments 
have great incentives to take advantage of existing economies of scale. Hence, production 
will often take place in large-scale establishments with extended markets, which also 
bring back to the establishment a lot of information about the product techniques used by 
competitors. However, the early adoption of IT-components in products by an 
establishment will also depend upon its knowledge stock. Thus, we expect the speed of 
introduction of IT-components in products in a peripheral region to be positively 
associated with both market extension and skill level. In Table 6.26 we examine the 
simultaneous influence of the variables "market extension" and "the number of university
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engineers’1 on the speed of introduction of IT-components in products. The contingency 
table shows very clearly that both market extension and the employment of university 
engineers strongly influence the speed of introduction of IT-components in products. 
Thus, our expectations are confirmed. However, the influence is not as strong as it was in 
the case of IT-applications in the production process.

Iabte_fL26: Education, Market Extension and IT-Components in Products (%)

Speed of 
introduction

w ii o E £ 1

Mi m 2 M3 Mi M2 M3

Non-adopters (ZP) 89 78 67 69 52 40
Late adopters (Z*) 6 11 9 19 27 38
Early adopters (Z^) 5 11 24 12 21 22

SUM 100 100 100 100 100 100

N = 309; X2 = 55; df = 10; significance level: 0.001.

For establishments located in a peripheral region like the Värmland-Älvsborg region we 
expect dominant owner(s) located in other regions to be a major source of information on 
new techniques for product and process development. However, at the same time, we 
expect that the adoption of new process and product techniques by an establishment, 
irrespective of where its dominant owner(s) is(are) located to depend upon its knowledge 
stock. Thus, we expect the location of the dominant owner(s) outside the region and skill 
level to influence positively the speed of introduction of IT-applications for product and 
process development The simultaneous effects of the number of university engineers and 
the location of the major owner(s) on the speed of introduction of IT-applications in 
administrative processes is investigated in Table 6.27. In the table we find influences 
from both variables on the introduction speed. With non-local owners the demand for IT- 
systems in administration seems to increase.
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Table 6.27: Education, Location of Major Owner(s) and IT-Applications in Administra
tion (%)

Speed of 
introduction

E = 0 E S I

K l K2+K3 Ki K2+K3

Non-adopters (ZP) 
Late adopters (Zl) 
Early adopters (Z?)

22  2 

37 54 
41 44

4 0 
54 24 
42 76

SUM 100 100 100 100

N = 319; = 41; df = 6; significance level: 0.001.

In Table 6.28 we have a contingency table illustrating the simultaneous influence of the 
number of university engineers and the location of the major owner(s) on the speed of 
introduction of IT-applications in the production process. We see how the education 
variable exerts strong influence on the introduction speed, as does the owner variable.

Table6.28: Education. Location of Maior Ownertsl and IT-Annlications in the 
Production Process (%)

Speed of 
introduction

E = 0 E S I

Kl K2 +K3 K i K2+K3

Non-adopters (ZP) 
Late adopters (Z^) 
Early adopters (2?)

65 36 
23 38 
12 26

31 20 
2 18 

27 62

SUM 100 100 100 100

N = 319; = 72; df = 6; significance level: 0.001.

In Table 6.29 the simultaneous influence of the location of the major owner(s) and the 
number of university engineers on the speed of introduction of IT-components in 
products is investigated. Once again we observe the importance of the employment of 
university engineers. Influences from the location of the major owner(s), on the other 
hand, is only found in the case of early adopters. This is an interesting observation
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because it indicates that information on new product techniques for product development 
is only important for early adopters. By comparing (6.28) and (6.29) we see that the 
owner-location variable has greater importance in the case of investments in the 
production process than in product development. Summarizing the examination of the 
influence of skill and the location of the dominant owner(s) on the speed of introduction 
of IT-applications for process and product development we might conclude that our 
expectations to a large extent are confirmed.

Table 6.29: Education, Location of Major Owner(s) and IT-Components in Products
(ft)

Speed of 
introduction

E = 0 E 2t l

Ki K2+K3 Ki K2+K3

Non-adopters (ZP) 83 80 56 42
Late adopters (Z*) 8 5 31 30
Early adopters (Z^) 9 15 13 28

SUM 100 100 100 100

N = 319; x ^  = 46;df = 6; significance level: 0.001.

6.7 Establishment Characteristics and the Adoption of TT-Applications

In this section we will try to make a simultaneous assessment of the influences of 
different establishment characteristics on the speed of introduction of IT-applications in 
the three main areas studied through-out this chapter. As far as possible, we will also try 
to interpret our results within the framework provided by the product life cycle theory.

We start by looking at the introduction of IT-applications in administrative processes. By 
estimating equation (5.9) we got the results reported in Table 6.30. In equation (1) we 
used an ordinary speed indicator as defined in equation (5.6). We may note that early 
introduction seem to be positively associated with a large number of employees in 
commercial jobs and in other jobs, such as services, ware-housing and transportation. It 
is also positively associated with a large export share. This means that establishments that 
contain commercial and service functions and have extended markets are early users of 
IT-applications in administration. The skill or knowledge level, here measured in terms of 
the number of university engineers employed, seems to have a negative influence on the 
speed of introduction. This may seem a little odd but it might be explained, if we consider 
that the use of computer support in administration is a service that can be bought from 
computer service bureaux or, in the case of an enterprise or company with many 
establishments, from other establishments within the enterprise/company that also supply 
the skills needed to adopt IT-applications in administration. For some reason, the location
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of an establishment in the county of Xlvsborg seems to increase the probability that an 
establishment will not be an early user of IT-applications in administration.

When estimating equation (2) in Table 6.30 we used the compounded speed indicator 
defined by equation (5.7). Here we also consider the number of applications of computer 
support used in administration. Early use is here positively associated with a large number 
of employees in commercial jobs, in other jobs and in manufacturing jobs. It is also 
positively associated with a large export share, the appreciation of consultants as an 
important information channel and the location of the major owner(s) within Sweden but 
outside the county. We find that the results are in line with what could be expected from 
the product life cycle theory. The latter predicts that process development within the 
administrative processes is associated with large scale operations, extended markets and 
production which is being relocated to economically more peripheral regions.

Table Establishment Characteristics and IT-Applications in Administration

Characteristic
(1)

Para
meter

t-value Para
meter

(2)
t-value

Intercept -3.1499 (-114.8) -3.2237 (-171.9)
Number of employees 
with commercial jobs (CJ) 0.0082 (4.8) 0.0103 (7.5)
Number of employees 
with other jobs (OJ) 0.0051 (10.0) 0.0025 (6.1)
Number of employees 
with manufacturing jobs (MJ) -0.0004 (3.5)
Number of university 
engineers employai (E) -0.0049 (-2.4) -

Export share (M) 0.0023 (3.9) 0.0022 (4.0)
Consultants an impor
tant information 
channel (C)1)

- - 0.1003 (3.7)

Major owner(s) located 
in Sweden but outside 
the region (K2)1)

- -0.0898 (2.6)

Establishment located 
in the county of 
Älvsborg *)

-0.0773 (-2.5) - -

N 309 311
R2(adj.) 42.8 58.3

1) Dummy variable
Bold type indicates significance at the 5 % level.
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We now turn to an analysis of the introduction of IT-applications in the production 
processes. The empirical results are presented in Tables 6.31-32. In both tables, we 
present different estimations of equation (5.9). Equation (1) in Table 6.31 is presented 
here because this model had the "best" explanatory power measured by the R2(adj.)- 
value. We may note that early use of IT-applications in the production process is 
positively associated with a large number of employees and with the major owner(s) 
located within Sweden but outside the region. This fits very neatly with the product life 
cycle theory which stresses that process development is associated with an increasing 
scale of production and a relocation of production to more peripheral locations. Actually, 
we can not prove that there has been a relocation of production. It might be the case that 
we here rather have the effect of production units being bought by external owners but 
still we have a significant positive effect on the propensity to adopt IT-applications for 
process development within the production processes. We can also see that early use is 
positively associated with the appreciation of fairs and exhibitions as an important 
information channel. Early involvement with IT-applications in the production process is 
also positively associated with a high share of total investments in machines and 
equipment going to IT-equipment for the production process. There is also a negative 
association between our speed indicator and the number of employees who have received 
IT-training for administrative applications.

Table 6.31: Establishment Characteristics and IT-Applications in the Production
Process

Characteristic Para
meter

(1)
t-value

(2 )
Para
meter

t-value

Intercept -3.4330 (-265.0) -3.2556 (-89.5)
IT-investment share (HP) 0.0043 (12 .0 ) 0 .0 02 1 (3.8)
Number of employees (S) 0 .0012 (13.1) 0 .00 10 (8.4)
Number of employees with
IT-training for administrative -0.0032 (-4.2) -0.0018 (-1.8)
applications (AE)
Fairs and exhibitions an im
portant information channel 0.0924 (4.7) 0.0561 (1.6 )
(F)1)
Major owner(s) located
in Sweden but outside 0.0804 (3.3) 0.0514 (1.3)
the region (K2>^

N 308 143
R2(adj.) 74.8 6 8 .2

1) Dummy variable
Bold type indicates significance at the 5 % level.
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Equation (2) in Table 6.31 shows the result when model (1) is applied to the set of 
adopters only. We can see that the parameters for total employment and the IT-investment 
share are still significant while the parameters for our three other variables have now 
become insignificant. In the models presented in Table 6.31 we have no sign of any 
positive influence of any skill variable. This is not in line with our expectations so we 
now go on to test the influence of one skill variable - the number of university engineers 
employed. The results of this test is presented in Table 6.32. We still use equation (5.9) 
for our estimations.

Table 6.32: The Introduction of IT-Applications in the Production Process with
Special Emphasise on the Role of University Engineers.

Characteristic
(1)

Para- t-value 
meter

(2)
Para- t-value 
meter

(3)
Para- t-value 
meter

Intercept -3.4046 (-256.9) -3.1897 (-98.4) -2.7402 (-20.0)
IT-investment share (HP) 0.0043 (11.4) 0.0016 (3.2) 0.0014 (2 .8)
Number of university 
engineers employed (E) 0.0199 (12.1) 0.0196 (10.7) 0.0154 (15.5)
Number of employees 
with IT-training for ad
ministrative applic. (AE)

-0.0015 (-2 .1) -0.0014 (-1.8 ) - -

Fairs and exhibitions 
an important infor
mation channel (F)l)

0.0889 (4.4) 0.0295 (0.9) - -

Major owner(s) loca
ted in Sweden but 
outside the region (K/?)1)

0.1548 (6.5) 0.1143 (3.3) - -

Speed of introduction 
of IT-applications in 
administration

- - - - 0.1377 (3.2)

Export share (M) - - - - 0.0019 (3.1)
Head office located 
outside Sweden (L3)l) - - - - -0.1468 (-2 .1)

N 305 142 137
R2 (adj.) 73.4 73.6 76.2

1) Dummy variable
Bold type indicates significance at the 5 % level.

Equation (1) in Table 6.32 is a reestimation of equation (1) in Table 6.31 with the number 
of employees replaced by the number of university engineers employed. We can see that
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the R2(adj.)-value only decreases slightly and that our skill variable is strongly 
significant. In equation (2) in Table 6.32 we present the result of estimating model (1) on 
adopters only. Our skill variable continues to be strongly significant. In equation (3) we 
present the model which showed the highest explanatory power when estimated on 
adopters only. We may note once again that the skill variable is highly significant. Given 
the results presented in Table 6.32, we think that we have shown that our skill variable - 
the number of university engineers employed - is certainly not unimportant. Model (3) in 
Table (6.32) indicates that the early use of IT-applications in the production process 
among adopters is positively associated with an early use of IT-applications in 
administration and a large export share but negatively associated with a head office 
location outside the country. As before, we see that early users devote a large share of 
their total investments in machines and equipment to machines and equipment containing 
IT-applications.

Having analyzed the connection between establishment characteristics and process 
development by means of the adoption of IT-applications we now turn to a corresponding 
analysis of the adoption of IT-components for product development. According to the 
product life cycle theory, we expect stimulation of genuine product development to come 
from three basic sources: (i) R&D-activities, (ii) rich flows of information concerning 
new techniques and (iii) rich flows of information concerning markets and customers' 
needs. We also expect successful product development to be critically dependent upon the 
general skill or knowledge level of the employees within the establishments as well as 
upon their specific IT-skills.

By estimating equation (5.8) we got the results reported in Table 6.33. Equation (1) in 
Table 6.33 indicates that an early use of IT-components in products is positively 
associated with the appreciation of suppliers of IT-components as an important 
information channel, with having a large number of employees with brief IT-training (1- 
14 days) and having a large number of employees with an IT-training for management 
applications. It is negatively associated with having a large share of the output sold within 
Sweden but outside the region. This means that the speed of introduction is positively 
associated with a large share of the output sold within the region and abroad. Early use of 
IT-components in products is also associated with a high IT-value share. We may note 
that the results only partially confirm our expectations. Neither any general skill or 
knowledge variable nor any (proxy) variable indicating R&D-activities shows up in the 
regression. On the other hand, the results confirm the importance of technique 
information, the importance of specific skills and, at least partially, the importance of 
market information.
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Table 6.33: Establishment Characteristics and IT-Components in Products

Characteristic
(1)

Para
meter

t-value
(2)

Para
meter

t-value

Intercept -2.6865 (-45.7) -1.9562 (-6.3)
IT-value share (V) 0.1085 (12.1) 0.0500 (1.5)
Suppliers of IT-compo- 
nents an important infor
mation channel (MP)1)

0.0984 (2.3) -0.0092 (-0 .1)

Number of employees 
with short IT-training 
(1-14 days) (IT 2)

0.0179 (2 .2) 0.0518 (1.8)

Number of employees 
with IT-training for 
management applic. (ME)

0.0491 (3.1) 0.0506 (1.1)

Share of output sold 
in Sweden but outside 
the region

-0.0249 (-2 .0 ) -0.1695 (-2.5)

N 305 79
R2(adj.) 53.3 15.7

1) Dummy variable
Bold type indicates significance at the 5 % level.

Estimating model (1) in Table 6.33 on adopters only gave the result presented as equation 
(2) in the same table. The low R2(adj.)-value indicates that the model only catches a small 
part of the variation among the group of adopters only, i.e. only explains a small part of 
the differences in their behaviour. Only one of the explanatory variables now turns out to 
be significant. Hence we can expect that model (1) mainly reflects the differences between 
the two groups, adopters and non-adopters, respectively. Our attempts to find a model 
which could explain adoption behaviour among adopters only were generally 
disappointing.

The set of industries analyzed in this chapter is rather heterogeneous, ranging from the 
manufacture of simple metal products to the manufacture of advanced scientific 
instruments. The establishments included are also characterized by a rather peripheral 
location. In the next chapter we will concentrate our analyzes on product development in 
two sub-industries within the engineering industry, namely the manufacturing of (i) 
machinery (SNI 382) and (ii) electrical equipment and components (SNI 383) and 
instruments (SNI 385). We concentrate on product development because most of the 
earlier research in the field has dealt with process development. By also including data 
from the Stockholm region we get an opportunity to analyze differences between a central 
and a peripheral region.
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7. THE EARLY ADOPTION OF IT-COMPONENTS IN PRODUCTS IN 
DIFFERENT INDUSTRIES AND REGIONS

7.1 Introduction

The purpose of this chapter is first to provide an overview of establishment characteristics 
which influence the propensity to adopt IT-components and use them in product 
development. This overview is obtained by means of a contingency table analysis. In a 
second step, regression analysis is used to make a simultaneous assessment of how 
different establishment characteristics influence the propensity to adopt IT-components 
and use them in product development. The analysis is conducted in such a way that it is 
possible to make comparisons between (i) two different industries in the same region, and 
(ii) the same industry in two different regions.

It has been argued that innovations are the outcome of a process which is based on the 
principle "novelty by combination" (Georgescu-Roegen, 1970). This characterization 
applies well to the type of product development analyzed in this chapter, which comprises 
the development of new products and the renewal of old products through the 
incorporation of components based upon information technology (IT-components) and 
their pertinent software. Really new products will either address needs which cannot be 
fulfilled at all by existing products on the market or have characteristics that fulfil needs in 
a qualitatively better way than existing products. Basically, product renewal is concerned 
with attempts to enhance or remould the characteristics of old products. The principal 
motivation for the developer to engage in product development is, of course, the expected 
profitability.

The outcome of the more or less continuous product development activities in an industry 
is governed, among other things, by both gradual technical change and discrete leaps in 
technical opportunities. Developments within the field of micro-electronics during the last 
four decades give several examples of such leaps. However, in this chapter, we will 
study a distinct event in respect to product development, namely, the first introduction of 
IT-components in products at the establishment level. This is an event that can be dated in 
time.

According to the theoretical perspective presented in earlier chapters, a new or renewed 
product may result from "collisions" or a matching between technical opportunity and 
customer needs. What is needed are sufficient background knowledge and local decision
making capacity. A necessary condition for such "collisions" to occur is communication 
and, thus, communication is one key factor in product development. This perspective is in 
line with much current research on the determinants of the commercial success of product 
development activities, where it is emphasized that successful new or renewed products 
are not only technically cleverer but that they also satisfy important market needs 
(Flaherty, 1984). The results of this research also suggest that products are developed and 
made commercial successes by the use of new techniques in combination with 
conventional business resources such as marketing, manufacturing and applications 
engineering skills in competition with rivals.
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In other words, we expect initiators of new and renewed products to have (i) rich market 
contacts, (ii) rich information about relevant available techniques, (iii) a large knowledge 
stock, and (iv) local decision-making capacity. Thus, a central position in the existing 
information networks is expected to be a dominant factor in stimulating product 
development and thus the early adoption of IT-components in products.

We assume that information about technical opportunities and customer needs differs in 
complexity and appropriability but that some costs are always involved in obtaining the 
information. Part of this information will be a public good. Typically, public goods-type 
information will deal with the abstract characteristics of an innovation or with the results 
of its application elsewhere. It gives decision-makers no more than clues about potential 
customers' interest in the products that might be created by applying the innovation. 
Hence, the institutions and mechanisms through which private-property information 
becomes available to enterprises will have a strong influence on adoption behaviour 
(Rosegger, 1986). Equally important, however, is the balance between all forms of 
external information and the data the enterprise itself has to generate in order to evaluate 
and adapt innovations. Those data are generated through R&D and market research by the 
enterprises.

According to our earlier discussion of the product life cycle theory, production becomes a 
routine process as the product matures. Product development is a kind of search process. 
We expect a product technology to become standardized and its rate of change to decrease 
when the technology grows older. This means that uncertainty will be reduced implying 
that the importance of the knowledge characteristics and the network properties of 
potential adopters (in product development) decreases as time goes by.

We must also realize that process and product development are interrelated. Information 
obtained in relation to the production process and to the regular flow of products feeds 
product development but, of course, to different degrees in different industries. The 
introduction of new or renewed products reshapes production and the regular flows.

Successful product development will yield a monopoly profit to the initiator. However, 
this monopoly profit is normally temporary, because of imitation. Imitation of a new or a 
renewed product may be induced by the monopoly profit. Establishments whose product 
looses market shares to a new or a renewed product are even forced to imitate. If such 
imitation is successful, the monopoly profits will evaporate, squeezed by the competition. 
Imitation is by no means a simple process and we expect early imitators to have the same 
characteristics as initiators. However, as time goes by and the new or renewed product 
grows older, it becomes easier and easier to imitate due to standardization.

Besides the characteristics of an establishment as such, we also expect that the regional 
production milieu of an establishment affects the probability that it will become an initiator 
or an early imitator.

The empirical analysis in this chapter examines the introduction of IT-components in 
products in two different industries within the engineering industry, namely the 
manufacture of (i) machinery and equipment (SNI382), and (ii) electrical equipment and 
components (SNI 383) and instruments (SNI 385). The study comprises two different
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regions, namely the Stockholm region (=the county of Stockholm) and a peripheral region 
consisting of two complete counties - Värmland and Älvsborg - and parts of 6 other 
counties, forming an area called "Bergslagen” in Swedish. The data base used consists of 
information from a stratified sample of establishments in the above industries in the 
Stockholm region and from a total survey of all the establishments in the same industries 
in the peripheral region. Only establishments having more than 9 employees are included.

The stratified sample in the Stockholm region has created special problems for the 
contingency table analysis. The total population was stratified in four strata according to 
the size of establishments measured by the number of employees. The share of 
establishments sampled increases with size class. In this situation, it might have been 
possible to divide the data for the peripheral region into the same size classes and conduct 
a contingency analysis for each size class. Unfortunately, the material was to small to get 
any meaningful results this way. Thus, we had to choose a method that was less than 
optimal from a statistical point of view. We have weighted the Stockholm data according 
to the sampling probabilities and then constructed contingency tables for each of the two 
industries seen as a whole. Unfortunately, such a procedure leads to values that are not 
unbiased. This means that the results drawn from contingency tables for the Stockholm 
data should be treated with caution. We indicate this in the text by the following notation: 
"N" (number of establishments), "x2" and "significance level". Thus, the quotation 
marks are used only in the Stockholm case.

The chapter is organized as follows: In Section 7.2 we make a contingency analysis of the 
connection between market contacts and product development. We examine the 
hypothesis that market extension has a positive effect on product development activities. 
The importance of customer dependency is also investigated. Section 7.3 is devoted to a 
contingency analysis of the connection between different channels of information about 
technical opportunities and product development. This section investigates the importance 
of different information channels in the Stockholm and the peripheral regions. Moreover, 
the analysis demonstrates that information networks are different in the two types of 
regions. In addition, we assess the hypothesis that the industrial link to university R&D is 
stronger in the university region (i.e. the Stockholm region), and that it plays a significant 
role in this case. The connection between knowledge stock and product development is 
analyzed in Section 7.4. We examine the hypothesis that the level of (i) technical 
knowledge and (ii) market/customer knowledge affects product development capability. 
The differences between the two regions are also examined from the perspective of the 
product life cycle theory developed earlier in this study. Finally, in Section 7.5 we present 
the results of a simultaneous assessment of different variables by means of regression 
analysis.

7.2 Market CQPtactsand Product Development

Market contacts can be expected to play an important role in product development since 
they will convey information to establishments about new products on the market as well 
as about customers' needs. The link between a user and a producer describes the regular 
flow of tangible or non-tangible exchange between the producer and the customer. The 
information channels between the customers and the producer describe a flow of signals
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which are not embodied in the regular flow of products. We assume that the network of 
linkages and the network of information channels overlap to a substantial degree and that 
information relevant for product development may flow through both types of channels. 
The interaction between a producer and his customers may extend from almost 
anonymous market exchange to intense and lasting cooperation. However, we have no 
way of distinguishing empirically between the different types of interaction.

We expect ideas and demands from customers to play an important role in product 
development (v. Hippel, 1978). In many cases products are made as specific designs to 
meet the requirements of specific customers. We expect that these requirements often 
include certain features or characteristics which can only be achieved by a new design.

An establishment can gain indirect information about customer needs by studying the 
product development activities of its competitors. We expect that the marketing personnel 
can be considered as the interface between the establishment and its business 
environment. In other words, we assume that marketing activities provide a feedback 
mechanism through which the establishment can judge if it is going in the right direction 
for success, and give ideas for the direction of product development activities. Hence, the 
size of the marketing or commercial staff becomes an important characteristic of an 
establishment in our study.

Our analyses imply that the interaction with the market plays a critical role in every 
establishment's product development activities. In the market an establishment can study 
the results of the development activities of other establishments but also have contacts 
with customers that are potential users of their new or renewed products. We will conduct 
our analyses as if there is always a market separating the developing establishment and the 
(potential) customer. The problem of relating technical opportunities to user needs will not 
be touched upon here (Lundvall, 1985).

In the subsequent part of this section, we will characterize early, late and non-adopters of 
IT-components in products in our two industries and two regions according to their 
market contact patterns. It will then be possible for us to make comparisons both between 
industries and between regions. We use market extension and customer dependence to 
illustrate the market contact patterns. Our goal is to illustrate and assess the following two 
assumptions: (i) market extension has a positive effect on product development activities 
and (ii) low customer dependence has a positive effect on product development activities.

The connection between market extension and product development is illustrated in Tables 
7.1-7.4. We can see, that in both industries studied, extended markets, i.e. a large export 
share, seem to have a significant positive influence on the introduction of IT-components 
in products. This holds for both industries in both regions.
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Table 7.1: Extension and Product Development in the Machinery Industry in the
Stockholm Region (%)

Speed of 
introduction

Market extension (Export share) 
Small Large

Non-adopters (ZP) 79 44
Late adopters (Z*) 10 26
Early adopters (Z^) 11 30

SUM 100 100

"N" = 172; "x2" = 21; df = 2; ”significance level” = 0.001

Table 7.2: Market Extension and Product Development in the Electrical Equipment 
and Instruments Industries in the Stockholm Region (%)

Speed of 
introduction

Market extension (Export share) 
Small Large

Non-adopters (ZP) 52 16
Late adopters (Z*) 31 42
Early adopters (Z^) 17 42

SUM 100 100

"N” = 173; "X2" = 21; df=2;; "significance level” = 0.001
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Table 7.3: Market Extension and Product Development in the the Machinery Industry
in the Värmland-Älvsborg-Bergslagen Region (%)

Speed of 
introduction

Market extension (Export share) 
Small Large

Non-adopters (ZP) 70 37
Late adopters (Z*) 20 28
Early adopters (Z^) 10 35

SUM 100 100

N = 103; X2 = l 4; <11 = 2 significance level = 0.001

Table 7.4: Market Extension and Product DeveloDment in the Electrical Eauinmen 
and Instruments Industries in the Värmland-Älvsborg-Bergslagen Regior 
(%)

Speed of 
introduction

Market extension (Export share) 
Small Large

Non-adopters (ZP) 62 24
Late adopters (Z*) 17 35
Early adopters (Z^) 21 41

SUM 100 100

N = 41; X2 = 6; df = 2; significance level = 0.05

Next, we examine the connection between customer dependence and product development 
by means of the two contingency tables 7.5-7.6. We observe that a low customer 
dependence, i.e. a low share of sales going to the largest customer, generally seems to 
stimulate product development, as defined here, in the Stockholm region. However, in 
the case of the electrical equipment and instruments industries in the Stockholm region we 
notice that high customer dependence has a more positive influence on early adoption than 
low customer dependence. For the Värmland-Älvsborg-Bergslagen region we do not find 
any significant relationship for either of the industries investigated (x2 « 0; df = 2).
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Table 7.5: Customer Dependence and Product Development in the Machinery Industry
in the Stockholm Region (%)

Speed of 
introduction

Customer dependence 
Low High

Non-adopters (ZP) 53 78
Late adopters (Z*) 21 15
Early adopters (Z2) 26 7

SUM 100 100

"N" = 163; "X2” = 13; df = 2; "significance level" = 0.005

Table 7.6: Customer Dependence and Product Development in the Electrical 
Equipment and Instruments Industries in the Stockholm Region (%)

Speed of 
introduction

Customer dependence 
Low High

Non-adopters (ZP) 21 52
Late adopters (Z* 60 20

Early adopters (Z^) 19 28

SUM 100 100

"N" = 164; "X2" = 29; df = 2; "significance level" = 0.001

7.3 Information afrouLTschnical Qpportunittes andEroduct Deretopmgni

The role of information about technical opportunities in product development is one main 
theme in the literature. The importance of awareness of current new technology is 
obviously critical. Implementing any new technical opportunity successfully requires not 
only general information about it, but also specific information - that it exists, that it 
works in other applications, that it has certain implications and so on. The specific 
information needed concerns the technical, economic and organizational aspects of 
introducing the new technology in the products of a specific establishment. The need to 
obtain specific information means that establishments need to set up specialized 
information channels to gain the necessary information. Examples of such information 
channels are (i) links to universities and other research institutions, (ii) links to producers 
and sellers of IT-components, (iii) visits to fairs and exhibitions, (iv) participation in 
courses, conferences and seminars, (v) links to consultants, etc. Our aim is to attempt to
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shed light on the following fundamental question: How significant are the information 
network differences between the knowledge region Stockholm and the peripheral region 
Värmland-Älvsborg-Bergslagen?

In most of the information channels we find propagators, who send information about 
new technical opportunities to potential adopters. Hence, the cost of acquiring information 
about new technical opportunities is often mitigated by the fact that those outside 
propagators have an interest in rapid diffusion. Producers of IT-components may even 
use their engineering staffs and their favoured customers to develop better components. 
They may also work with customers after the introduction of new components, to aid 
them in designing the new components to fit their products, and in dealing with problems 
that may arise during their production (Flaherty, 1984).

In this section we characterize early, late and non-adopters of IT-components in products 
in our two industries and two regions according to their evaluation of such information 
channels. We then make comparisons between the two industries in the same region and 
between the same industry in the two regions as regards the influence of different 
information channels on the speed of introduction.

The main part of this section is devoted to an investigation of the influence on product 
development activities of the following information channels: (i) consultants, (ii) suppliers 
of IT-components, (iii) fairs and exhibitions, (iv) courses and conferences, (v) journals, 
(vi) customers, (vii) other units within the enterprise and (viii) other information sources. 
At the end of this section, we also investigate the relationship between product 
development activities and R&D-cooperation with universities and other R&D 
institutions. The main results from those investigations are summarized in a table at the 
end of the section.

We have found that only one type of information channel displays a significant 
association with the speed of introduction of IT-components in products for both 
industries in both regions, namely courses and conferences. This is illustrated in Tables 
7.7-7.9, where, in order to avoid low expected values, we have assembled the answers 
from the two industries in the peripheral region in one single table. We may note that it is 
in particular early adopters in both industries in the Värmland-Älvsborg-Bergslagen 
region and in the electrical equipment and instruments industries in the Stockholm region 
who give courses and conferences as an important information channel. For the 
machinery industry in the Stockholm region this information channel seems most 
appreciated by late adopters. However, the most important result is that, on the whole, 
adopters seem to classify courses and conferences as an important information channel.
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Table 7.7: Courses and Conferences as an Important Information Channel and
Product Development in the Machinery Industry in the Stockholm Region
(%)

Speed of 
introduction

Courses and conferences an important information channel 
Yes No

Non-adopters (Z^) 18 61
Late adopters (Z^) 64 14
Early adopters (Z^) 18 25

SUM 100 100

”N" = 146; "X2” = 25; df = 2; "significance level” * 0.001

Table 7.8: Courses and Conferences as an Important Information Channel and 
Product Development in the Electrical Equipment and Instrument Industries 
in the Stockholm Region (%)

Speed of 
introduction

Courses and conferences an important information channel 
Yes No

Non-adopters (TP) 4 44
Late adopters (Z*) 53 35
Early adopters ÇZ?) 43 21

SUM 100 100

"N" = 143; "X2” = 24; d f=2; "significance level" = 0.001

à
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Table 7.9: Courses and Conferences as an Important Information Channel and Pro
duct Development in the Machinery and the Electrical Equipment and
Instruments Industries in the Värmland-Älvsborg-Bergslagen Region (%)

Speed of Courses and conferences an important information channel
introduction Yes No

Non-adopters (ZP) 17 59
Late adopters (Z*) 11 24
Early adopters (Z^) 72 17

SUM 100 100

N = 153; X2 = 27; df = 2; significance level = 0.001

We illustrate the influence of the suppliers of IT-components in the three contingency 
tables 7.10-7.12. With the exception of the electrical equipment and instrument industries 
in the Värmland-Älvsborg-Bergslagen region, there are in both regions, signs of a 
significant positive influence on the speed of introduction of IT-components in products 
when establishments have suppliers of IT-components as an important information 
channel. From the tables, we note that except for the machinery industry in the Värmland- 
Älvsborg-Bergslagen region, it appears as if suppliers are especially important as an 
information channel for late adopters. For the machinery industry in the Stockholm region 
we note that the share of early adopters is higher among those establishments that do not 
consider suppliers of IT-components as an important information channel than among 
those who do, while the opposite is true for late adopters. Actually, if we convert Table 
7.10 into a 2x2 contingency table, we no longer have any significant influence.

Table 7.10: Suppliers of IT-Components as an Important Information Channel and
Product Development in the Machinery Industry in the Stockholm Region 
(%)

Speed of 
introduction

Suppliers of IT-components an important information channel 
Yes No

Non-adopters (Z^) 51 60
Late adopters (Z*) 32 11

Early adopters (Z^) 17 29

SUM 100 100

”N" = 146; "X2" = 10; df = 2; ”significance level” = 0.01
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Table 7.11: Suppliers of IT-Components as an Important Information Channel and
Product Development in the Electrical Equipment and Instrument
Industries in the Stockholm Region (%)

Speed of 
introduction

Suppliers of IT-components an important information channel 
Yes No

Non-adopters (ZP) 17 40
Late adopters (Z*) 54 32
Early adopters (Z^) 29 27

SUM 100 100

"N" = 143; "X2“ = 9; df = 2; "significance level" = 0.Ö1

Table 7.12: Suppliers of IT-Components as an Important Information Channel and 
Product Development in the Machinery Industry in the Värmland- 
Älvsborg-Bergslagen Region (%)

Speed of 
introduction

Suppliers of IT-components an important information channel 
Yes No

Non-adopters (ZP) 28 54
Late adopters (Z*) 35 33
Early adopters (Z^) 37 13

SUM 100 100

N= 73; X2 = 7; df=2t; significance level = 0.05

We now turn to a second type of information channel, which seems to have a (weak) 
positive influence on the speed of introduction of IT-components in products in the two 
industries in the Stockholm region only namely other information sources. Behind the 
notation "other information sources" we find information channels to universities, other 
establishments, STU (Swedish National Board for Technical Development), regional 
development funds, interest and trade organizations, databases, etc. The relevant 
contingency tables are Tables 7.13-14. We must, however, point out that the connection 
between speed of introduction and "other information sources" is by no means clear-cut. 
In the case of the machinery industry we have signs of a positive influence but if we 
convert Table 7.13 into a 2x2 contingency table, the significant pattern disappears. For 
the electrical equipment and instruments industries it seems as if "other information 
sources" might be important for early adopters but, on the whole, for late and early
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adopters taken together the influence seems to be negative. Turning now to our peripheral 
region, we did not find any significant connections (For the machinery industry we have 
X2 = 2 ; df = 2 and for the electrical equipment and instruments industries we got so few 
yes-answers that we could not calculate any x 2-value). Even if the evidences are weak, 
the lack of "other information sources" may be a discriminatory characteristic of an 
economically peripheral region (Cp. Table 7.39, p. 175).

Table 7.13: Other Information Sources and Product Development in the Machinery
Industry in the Stockholm Region (%)

Speed of 
introduction

Other information sources important 
Yes No

Non-adopters (Z®) 45 62
Late adopters (Z*) 13 23
Early adopters (Z^) 42 15

SUM 100 100

"N" = 146; "X2" = 13; df = 2; "significance level" = 0.005

Table 7.14: Other Information Sources and Product Develonment in the Electrical 
Equipment and Instruments Industries in the Stockholm Region (%)

Speed of 
introduction

Other information sources important 
Yes No

Non-adopters (Z^) 61 22

Late adopters (Z^) 0 54
Early adopters (Z^) 39 24

SUM 100 100

"N" = 143; "X2" = 32; df = 2; "significance level" = 0.001

The role of consultants as an information channel for industry has been afforded much 
attention in recent years. However, according to our results, consultants do not seem to 
be an important information channel in the case of product development activities or more 
precisely in the case introduction of IT-components in products. Only in the case of the 
machinery industry in the Stockholm region have we found a significant positive 
influence, as illustrated in Table 7.15. For the electrical equipment and instruments
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industries in the Stockholm region we found a significant negative relationship, while we 
found no significant influence for the two industries in the peripheral region.

Table 7.15: Consultants as an Important Information Channel and Product
Development in the Machinery Industry in the Stockholm Region (%)

Speed of 
introduction

Consultants important 
Yes No

Non-adopters (ZP) 
Late adopters (Z*) 
Early adopters (Z^)

38
56

6

59
15
26

SUM 100 100

"N" = 146; "X2” = 15; df = 2; ’"significance level" = 0.001

Customers are another potential source of information for product development activities 
which has been given consideration in the literature. As illustrated in Table 7.16, there 
appears to be a significant positive relationship between the speed of introduction of IT- 
components in products in the electrical equipment and instruments industries in the 
Stockholm region and the appreciation of customers as an important information channel. 
On the other hand, for the machinery industry in the Stockholm region we found a 
significant negative relationship. For the peripheral region we found, as illustrated in 
Table 7.17, a significant positive relationship for the machinery industry, while we did 
not find any significant relationship for the electrical equipment and instruments industries 
(X2 = 0 , d f = l ) .

Table 7.16: Customers as an Important Information Channel and Product 
Development in the Electrical Equipment and Instruments Industries in the 
Stockholm Region (%)

Speed of 
introduction

Customers important 
Yes No

Non-adopters (ZP) 
Late adopters (Z*) 
Early adopters (Z^)

16
69
15

40
25
35

SUM 100 100

"N" = 143; "X2" = 26; df = 2; "significance level" = 0.001



158

Table 7.17: Customers as an Important Information Channel and Product
Development in the Machinery Industry in the Värmland-Älvsborg-
Bergslagen Region (%)

Speed of 
introduction

Customers important 
Yes No

Non-adopters (Z P )  
Late adopters (Z ^ )  
Early adopters (Z ^ )

29 61 
41 26
30 13

SUM 100 100

N = 107; X 2 =6; df = 2; significance level =0.05

The large multi-establishment enterprise comprises an information network of its own. 
We might thus expect that other establishments or units within the enterprise will show up 
as important sources of information for product development activities. Our empirical 
results confirm our expectations in the case of the Stockholm region. As illustrated in 
Tables 7.18-7.19, we have found a significant positive relationship between the 
introduction of IT-components in products and the appreciation of other establishments/ 
units within the enterprise as an important information source both for the machinery 
industry and for the electrical equipment and instruments industries. In the peripheral 
region we did not find any significant relationship for the machinery industry (x 2 = 2 , df 
= 1) but for the electrical equipment and instruments industries we found a significant 
positive relationship as illustrated in Table 7.20.

Table 7.18: Other Establishments/Units within the Enterprise as an Important 
Information Source and Product Development in the Machinery Industry 
in the Stockholm Region (%)

Speed of 
introduction

Other establishments/units important 
Yes No

Non-adopters (Z P )  

Adopters (Z ^  + Z ^ )
39 60 
61 40

SUM 100 100

"N" = 146; ’’X2" = 4; df = 1; "significance level" = 0.05
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Table 7.19: Other Establishments/Units within the Enterprise as an Important
Information Source and Product Development in die Electrical Equipment
and Instruments Industries in the Stockholm Region (%)

Speed of 
introduction

Other establishments/units important 
Yes No

Non-adopters (ZP) 5 36
Late adopters (Z^) 59 38
Early adopters (Z2) 36 26

SUM 100 100

"N" = 143; "x 2" = 8; df = % "significance level" = 0.025

Table 7.20: Other Establishments/Units within the Enterprise as an Important 
Information Source and Product Development in the Electrical Equipment 
and Instruments Industries in the Värmland-Älvsborg-Bergslagen Region 
(%)

Speed of 
introduction

Other establishments/units important 
Yes No

Non-adopters (ZP) 0 54
Adopters (Zl + Z2) 100 46

SUM 100 100

N = 46; X2 =5; df = 1; significance level =0.05

What information channels besides those discussed above appear, then, to be positively 
related to the speed of introduction of IT-components in products in the two industries in 
our peripheral region? For the machinery industry we have found signs of a significant 
positive connection between the speed of introduction and fairs and exhibitions as an 
important information channel, as can be seen in Table 7.21. However, the relationship is 
weak since if we alter the table to a 2x2 contingency table, the significance disappears. 
For the electrical equipment and instrument industries no significant relationship exists 
(X2 = 1; df = 2). Looking at the data for the Stockholm region, we found for both 
industries indications of a significant negative relationship between the speed of 
introduction and fairs and exhibitions as an important information channel.
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Table 7.21: Fairs and Exhibitions as an Important Information Channel and Product
Development in the Machinery Industry in the Värmland-Älvsborg-
Bergslagen Region (%)

Speed of 
introduction

Fairs and exhibitions an important information channel 
Yes No

Non-adopters (ZP) 30 47
Late adopters (Z*) 30 39
Early adopters (Z2) 40 14

SUM 100 100

N = 73; X2 = 7; df = 2; significance level = 0.05

Turning now to the electrical equipment and instrument industries in the Värmland- 
Älvsborg-Bergslagen region we have found indications of a significant positive 
association between the speed of introduction of IT-components in products and journals 
and magazines as an important information channel (Table 7.22). No significant 
association was found for the machinery industry in the same region (x2 =3; df = 2) or 
for the electrical equipment and instrument industries in the Stockholm region (x2 = 0; df 
= 2). For the machinery industry in the Stockholm region we found signs of a significant 
negative relationship.

Table 7.22: Journals and Magazines as an Important Information Channel and Product
Development in the Electrical Equipment and Instrument Industries in the 
Värmland-Älvsborg-Bergslagen Region (%)

Speed of 
introduction

Journals and magazines an important information channel 
Yes No

Non-adopters (ZP) 10 55
Late adopters (Z*) 30 27
Early adopters (Z2) 60 18

SUM 100 100

N = 31; X2 = 8» df = 2; significance level = 0.025

Above, we found that the speed of introduction of IT-components in products in both 
industries in the Stockholm region were weakly associated with a positive evaluation of 
information coming from "other information sources". Other information sources include,
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for example, universities. We illustrate the importance of universities and other R&D- 
institutions for product development in the Stockholm region by the two contingency 
tables 7.23 and 7.24. The data presented here concerns the relationship between the speed 
of introduction of IT-components in products and R&D-cooperation with universities and 
other R&D-institutions. We see that for both industries the pattern of adoption differs 
significantly between establishments that are engaged in R&D-cooperation and those that 
are not engaged. It seems as if R&D-cooperation is important for early adopters in 
particular. One might, however, also note that the significant pattern disappears for the 
electrical equipment and instruments industries if we change Table 7.24 to a 2x2 
contingency table. In line with the spatial version of the product life cycle theory, we 
might expect that this R&D-cooperation mainly takes place within the actual region. In 
such a case our results confirm the importance of the local infrastructure for product 
development activities. Questions about R&D and product development cooperation in the 
Bergslagen and the Älvsborg regions gave no significant patterns. The number of cases of 
reported R&D-cooperation in die Bergslagen region was very low. Only two adopters 
reported that they were engaged in such cooperation.

Table 7.23: R&D-Cooperation with Universities and Other R&D-Institutions and
Product Development in the Machinery Industry in the Stockholm 
Region(%)

Speed of R&D ■cooperation
introduction Yes No

Non-adopters (ZP) 28 69
Late adopters (Z^) 24 8

Early adopters (Z^) 48 23

SUM 100 100

"N" = 175; "X2" = 17; df = 2; "significance level” * 0.001
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Table 7.24: R&D-Cooperation with Universities and Other R&D-Institutions and
Product Development in the Electrical Equipment and Instrument
Industries in the Stockholm Region ( %)

Speed of 
introduction

R&D-cooperation 
Yes No

Non-adopters (ZP) 36 49
Late adopters (Z*) 11 36
Early adopters (Z^) 53 15

SUM 100 100

"N" = 188; "x 2” = 27; df=2;; "significance level" = 0.001

If we try to summarize our results in this section, we may say that we have clear 
indications of differences in the importance of different information channels for the two 
industries in the two regions (see Table 7.25). The two industries in the peripheral region 
seem to some extent to be dependent upon different information channels and the same 
holds if we look upon the same industry in the two regions. However, if we look at the 
two industries in the Stockholm region and make a comparison with the situation in the 
peripheral region, it seems as if information channels exert a stronger influence on 
product development activities in the Stockholm region, at least in the case of the electrical 
equipment and instruments industries. This could be an indication of the ”seed-bed" 
function of the Stockholm region.
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Table 7.25: Information Channels and Product Development: A Summary

Information Influence on product development
channel

The Stockholm region The Värmland-Älvsborg-
Bergslagen region

Machinery Electrical/Instr. Machinery Electrical/Instr.

Coursesand
conferences + + + +

Suppliers of
IT-components (+) + + 0
Other information 
sources (+) +/- 0 0
Fairs and
exhibitions 0 - (+) 0
Journals - 0 0 +

Consultants (+) - 0 0
Customers - + + 0
Other units within
the enterprise (+) + 0 +

R&D-cooperation + (+) OD 01)

1) Excluding the Värmland region.

7.4 Knowledge and Product Development

We expect rich market contacts and rich information about relevant available techniques to 
be two necessary prerequisites for successful product development within an 
establishment. However, they are by no means sufficient. Thus, we also expect 
successful product development to depend upon the accumulated knowledge and 
experience within an establishment.

The need for specific information about technical opportunities and customer needs 
discussed above implies that establishments need to enlist the help of specialists, either in 
the form of internal specialists or in the form of external specialists, such as consultants or 
university researchers. The need is for both technical specialists and specialists in 
marketing, etc. Furthermore, specialist knowledge is required throughout both the pre
adoption and the post-adoption stages.

Accumulated knowledge could be measured in terms of accumulated R&D expenditures 
with due account taken of the depreciation of knowledge. Unfortunately, our data do not
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contain such information. In this situation, and given our theoretical considerations in 
earlier chapters as well as our empirical observations in Chapter 6 , we think that it is 
reasonable to assume that the accumulated knowledge of an establishment is embodied in 
its employees and that the formal education of the employees can be used as a proxy 
variable when we want to measure inter-establishment differentials as regards this 
knowledge stock.

Thus, we expect early adoption of IT-components in products to be associated with a high 
general education level among the employees in the adopting establishments. We also 
expect the IT-specific knowledge of the employees to be important for an early adoption.

Hence, in this section, we will use different educational variables to characterize early, 
late and non-adopters of IT-components in products in the two industries in the two 
regions. We then compare the influence of "the knowledge stock" on the speed of 
introduction in the two industries in the same region and in the same industry in the two 
regions.

After this exercise, we will also present some information on the relationship between 
product development and R&D-activities. Unfortunately, we only have partial data for the 
peripheral region.

In a preceding paragraph we emphasized the role of specialists in the adoption process. 
Here we accentuate the role played by specialists employed by establishments that are 
potential adopters. Our interest is focused on the role of two types of specialists, technical 
specialists and specialists in marketing. The number of employees engaged in technical 
and scientific work is used as a proxy variable to measure the number of technical 
specialists employed by the establishment. This number also gives a rough indication of 
the R&D-capacity of an establishment. We measure the number of specialists in marketing 
in terms of the number of employees engaged in commercial jobs. This number can be 
expected to give a rough indication of the capacity of an establishment to have contact 
with the market and with potential users and to feed that information into the product 
development process.

When studying the connection between different educational variables and product 
development in the total engineering industry in the two counties of Värmland and 
Älvsborg in Chapter 6 , we found that a significant positive influence seemed to come 
from the number of university engineers employed. However, when we analyze the 
Stockholm data for the two industries investigated here, we find in Table 7.26 that for the 
machinery industry the number of college engineers employed appears to be associated 
with a higher significance level than the number of university engineers employed (x2 = 
47, df = 4). There is also a significant positive connection between a large number of 
college engineers employed and the speed of introduction in the electrical equipment and 
instrument industries (Table 7.27) (For university engineers we have in this case x 2 -  38, 
df = 4.).
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Table 7.26: College Engineers and Product Development in the Machinery Industry in
the Stockholm Region (%)

Speed of 
introduction

Number of college engineers employed 
0-1 2-9 10-

Non-adopters (zP) 100 70 23
Late adopters (Z*) 0 9 40
Early adopters (Z2) 0 21 37

SUM 100 100 100

"N" = 171; " x 2 "  =  67; df = 4;; "significance level” = 0.001

Table 7.27: College Engineers and Product Development in the Electrical Eauinment 
and Instrument Industries in the Stockholm Region (%)

Speed of 
introduction

Number of college engineers employed 
0-1 2-9 10-

Non-adopters (ZP) 92 35 17
Late adopters (Zl) 8 45 29
Early adopters (Z2) 0 20 54

SUM 100 100 100

"N" = 177; "x 2” =68; d f= 4 ; "significance level" = 0.001

One may speculate a little about why college engineers, possibly, might be more 
important than university engineers in product development. Could it, for example, have 
something to do with the fact that, in the Stockholm region, a large share of the product 
value comes from the IT-content and that the development, testing, etc but also production 
of such IT-intensive products demand the skills of college engineers? Of course, the result 
could also reflect the fact that a large share of the Stockholm establishments have passed 
the critical-mass level as regards university engineers. Some information on this point is 
given in Table 7.28, where we can see that the average number as well as the share of 
university engineers is much higher for establishments in both industries in the Stockholm 
region than in the peripheral region.
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Table 7.28: Employment of University Engineers

The Stockholm region The Värmland-Älvsborg- 
Bergslagen region

Machinery Electrical/Instr. Machinery Electrical/Instr.

Average number 
employed 13.1 11.4 3.8 5.8
Average share 
employed 11.3 7.0 3.4 3.9

Turning now to the Värmland-Älvsborg-Bergslagen region, we find that the relationship 
between the speed of introduction and die number of college engineers is non-significant 
at the 5 % level. For the machinery industry we have x 2 = 9 (df = 4) and for the electrical 
equipment and instruments industries we have x 2 = 8 (df = 4) (For the number of 
university engineers we have for both industries x2 = 9; df = 2.). The striking difference 
between the two regions is in line with what can be expected according to the spatial 
version of the product life cycle theory and indicates that the Stockholm region has a 
"seed bed" function where the new, unstandardized products are developed and first 
produced while the Värmland-Älvsborg-Bergslagen region takes up production of older, 
standardized products where the need for engineering talents is much lower.

In Table 7.29 we present a contingency table that illustrates the connection between R&D- 
intensity - the share of product development costs of total turnover during the last years - 
and the speed of introduction of IT-components in products in the electrical equipment 
and instrument industries in the Stockholm region. We can see that the adoption pattem 
for establishments with a low R&D-intensity differs significantly from that for 
establishments with a high R&D-intensity. This is in line with what could be expected. 
However, for the machinery industry in the Stockholm region no such significant pattern 
was found (x2 =2; df = 2). For the peripheral region we can only present partial data. 
With R&D-intensity defined as above, we did not find any significant relationship for the 
Bergslagen region, when treating the two industries as one industry as a result of the low 
number of observations (x2 = 2; df = 1). When defining R&D-intensity as product 
development costs per employee, we did find a significant positive relationship for the 
machinery industry in the Älvsborg region as illustrated in Table 7.30, while for the 
electrical equipment and instruments industries in the same region we did not find any 
significant relationship (x2 =3; df = 1).
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Table 7.29: R&D-Intensity and Product Development in the Electrical Equipment and
Instruments Industries in the Stockholm Region (%)

Speed of 
introduction

R&D-intensity 
Low High

Non-adopters (Z^) 68 21

Late adopters (Z^) 24 41
Early adopters (Z^) 8 38

SUM 100 100

"N" = 187; ”x2’* = 46; df = 2; "significance level" = 0.001

Table 7.30: R&D-Intensitv and Product Develonment in the Machinery Industry in the 
Älvsborg Region (%)

Speed of 
introduction

R&D-intensity 
Low High

Non-adopters (ZP) 67 22

Late adopters (Z*) 22 35
Early adopters (Z?) 11 43

SUM 100 100

N =41; X2 = 9; df = 2; significance level = 0.025

Another way to indicate R&D-efforts might be to use the number of employees engaged 
in scientific and technical work as a proxy variable. The relationship between the speed of 
introduction of IT-components in products and the number of employees in scientific and 
technical work is illustrated in three contingency tables (Table 7.31-7.33). The results are 
somewhat mixed, even if we can see a clear difference between the two regions. For the 
machinery industry in the Stockholm region it seems to be important to have 10 or more 
employees in scientific and technical work while for the electrical equipment and 
instrument industries there is already a positive effect when there is more than 1 employee 
in scientific and technical work. For the Värmland-Älvsborg-Bergslagen region it seems 
important for the machinery industry to have 10 or more employees in scientific and 
technical work. In the case of the electrical equipment and instruments industries in the 
peripheral region, we found no significant association (x2 = 5; df = 4). Once again we 
notice a difference between the two regions which is in accordance with the spatial 
version of the product life cycle theory. The Stockholm region is a "seed bed" where
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establishments invest in R&D to develop new products while in the peripheral region 
establishments take up the production of older standardized products which do not 
demand heavy R&D-efforts.

Table 731: Employment in Scientific and Technical Work and Product Development
in the Machinery Industry in the Stockholm Region (%)

Speed of Number of employees in scientific and technical work
introduction 0-1 2-9 10-

Non-adopters (Z^) 87 70 37
Late adopters (Z*) 2 9 35
Early adopters (Z^) 11 21 27

SUM 100 100 100

"N" = 172; " x 2 ” = 33; df = 4;; "significance level" = 0.001

Table 7.32: Employment in Scientific and Technical Work and Product Development
in the Electrical Equipment and Instrument Industries in the Stockholm 
Region (%)

Speed of Number of employees in scientific and technical work
introduction 0-1 2-9 10-

Non-adopters (ZP) 77 28 42
Late adopters (Z^) 5 61 19
Early adopters (Z2) 18 11 39

SUM 100 100 100

"N" = 182; "x 2 ” = 60; df = 4;; "significance level" = 0.001
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Table 7.33: Employment in Scientific and Technical Work and Product Development
in the Machinery Industry in the Värmland-Älvsborg-Bergslagen Region
(%)

Speed of Number of employees in scientific and technical work
introduction 0 1-9 10-

Non-adopters (Zß) 68 59 29
Late adopters (Z^) 23 22 29
Early adopters (Z2) 9 19 42

SUM 100 100 100

N = 104; X2 = 12; df = 4; significance level = 0.025

Lastly, looking at the role of specialists in marketing, etc. - here measured in the number 
of employees in commercial jobs - we found a significant association with the speed of 
introduction for both industries in the Stockholm region, as illustrated in Table 7.34-7.35. 
For the Värmland-Älvsborg-Bergslagen region we did not find any significant association 
for either of the industries. For the machinery industry we got y}  = 9 (df = 4) and for the 
electrical equipment and instruments industries we got y}  = 5 (df = 4). The results seem 
to fit within a spatial product life cycle framework. The establishments in the Stockholm 
region mainly produce new or young products in a situation of considerable uncertainty 
about, among other things, the markets appreciation of the products. To inform customers 
about new product designs and to bring back valuable feed-back information, the 
establishments need to have a large number of employees in commercial jobs. The 
establishments in the Värmland-Älvsborg-Bergslagen region, on the other hand, mainly 
produce older products whose designs have become fixed and are well-known on the 
market. Thus the need for specialists in marketing is less. (Note that the results in this 
paragraph as regards the machinery industry are inconsistent with the results from 
regression analyses presented in Subsection 7.5.1.)
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Table 734: Employment in Commercial Jobs and Product Development in the
Machinery Industry in the Stockholm Region (%)

Speed of 
introduction

Number of employees in commercial jobs 
0-1 2-5 6-

Non-adopters (ZO) 89 61 40
Late adopters (Z*) 6 14 28
Early adopters (Z^) 5 25 32

SUM 100 100 100

"N" = 172; "X2" = 30; df = 4; "significance level” = 0.001

Table 7 .35 : Employment in Commercial Jobs and Product Development in the 
Electrical Equipment and Instrument Industries in the Stockholm Region 

(%)

Speed of 
introduction

Number of employees in commercial jobs 
0-1 2-5 6-

Non-adopters (ZO) 74 26 21

Late adopters (Z*) 25 40 35
Early adopters (Z^) 1 34 44

SUM 100 100 100

"N" = 182; "X2" -  56; df = 4; ”significance level” = 0.001

In Table 7.36 we summarize the results of this section. It seems clear that there is a much 
stronger relationship between knowledge orientation and product development in the 
central Stockholm region than in the peripheral Värmland-Älvsborg-Bergslagen region.
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Table 7.36: Knowledge Orientation and Product Development: A Summary

Knowledge Influence on product development
category

The Stockholm region The Värmland-
Älvsborg-
Bergslagen region

Machinery Electrical/Instr. Machinery Electrical/Instr.

College engineers + + 0 0

University engineers + + + +

R&D-intensity 0 + +1) o1)

Scientific and technical 
work + + + 0

Commercial jobs + + 0 0

1) The Älvsborg region only

7.5 Establishment Characteristics and Product Development

In this section we will use regression analysis, as described in Chapter 5, to make a 
simultaneous assessment of the influence of different establishment characteristics on the 
speed of introduction of IT-components in products. First we study the machinery 
industry in Subsection 7.5.1 and then in Subsection 7.5.2 we study the electrical 
equipment and instruments industries.

7.5.1 Establishment Characteristics and Product Development in the Machinery 
Industry

Our first regression results concerning establishment characteristics and product 
development in the machinery industry are presented in Table 7.37. We have estimated 
here equation (5.8) from Chapter 5, which reads
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Table 7.37: Establishment Characteristics and Product Development in the Machinery
Industry in the Stockholm Region

Characteristic Para
meter

(1)
t-value Para

meter

(2)
t-value Para

meter

(3)
t-value

Intercept -3.187 (-33.3) -3.108 (-11.0 ) -2.838 (-59.6)
IT-value share (V) 0.118 (5.0) 0.053 (0 .8) 0.133 (8 .0 )
Export share (M) -0.052 (-2.4) - 0.111 (-3.2) 0 .0 2 0 (1.4)
Number of college 
engineers (CE) 0.142 (3.1) 0.302 (3.4) 0 .0 2 0 (0.9)
Number of employees 
with commercial jobs (CJ) -0.073 (-2 .1) -0.158 (-3.0) 0.015 (0 .6)

N
R2 (adj.)

55
56.3

31
46.8

95
50.0

Bold type indicates significance at the 5 % level.

Equation (1) in Table 7.37 was chosen because it showed the highest explanatory power 
measured in terms of the R^(adj)-value for the machinery industry in the Stockholm 
region. The result is interesting because it can be interpreted in terms of the spatial product 
life cycle theory. The Stockholm region is the number one import region in Sweden when 
it comes to new techniques. Early adopters of the new technique are mainly oriented 
towards the local and the national markets and so their export share is low. 
Establishments with a local and national orientation do not need the same large selling 
organization as establishments which are export oriented and so early adopters do not 
need a large number of people exclusively specialized in performing commercial jobs. The 
knowledge stock is important for product development, as indicated by the positive and 
significant parameter connected with the number of college engineers variable. Lastly, we 
can see that early involvement is associated with a high IT-value share.

Equation (2) in Table 7.37 is a reestimation of equation (5.8) on adopters only. We can 
see that except for the variable "IT-value share" the estimated parameters are significant. 
Thus, our interpretation in connection with equation (1) holds even if we consider 
adopters only.

Finally, in Table 7.37, we have estimated equation (5.8) on our data for establishments in 
the Värmland-Älvsborg-Bergslagen region. Here we notice that, except for the variable 
"IT-value share", the estimated parameters are non-significant. This indicates that the 
early adoption of IT-components in products in the peripheral region is associated with 
other establishment characteristics than in the central Stockholm region.
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We now continue with an investigation of the characteristics of early adopters in the 
peripheral region. The results are presented in Table 7.38. Looking first at equation (1) 
we see that the results may be interpreted within the framework offered by the product life 
cycle. Early introduction is connected with a large number of employees in commercial 
jobs, which points in the direction of large establishments with extended markets. It is 
also connected with a small number of employees lacking education at university or 
technical college, which means that human knowledge seems to be essential for an early 
adoption of IT-components in products. The appreciation of fairs and exhibitions as an 
important information channel seems to have a positive but not significant influence on the 
speed of introduction. We may also see that establishments that are part of "other" 
machinery industry (SNI3821,3822 and 3829) lag in the introduction of IT-components 
in products. Further, early involvement in the new technology is connected with a large 
value share for the IT-content of the products at the moment of observation.

In equation (2) we have estimated the model on adopters only. The R^(adj.)-value is now 
very low, only 17%, so it seems unwise to draw any conclusions but the simple one that 
the model does not seem to be a proper model for characterizing the adopters. Lastly in 
equation (3) we have estimated the same model with the data for the establishments in the 
Stockholm region. Only one parameter estimate - IT-value share - is significant, indicating 
that establishments which are quick to introduce IT-components in products in the 
Stockholm region have quite different characteristics compared with early adopters in the 
Värmland-Älvsborg-Bergslagen region. Actually, such a conclusion is supported by a test 
of the equality of the two regression equations (1) and (3) along the lines suggested by 
Chow (1960) (Kmenta, 1986). A "Chow test" gives us the test statistic F4 ,142 = 13.5 
which may be compared with a table value of approximately 3.5 at the 1% level. Hence, 
we may reject the hypothesis that the observations for the Värmland-Älvsborg-Bergslagen 
region come from the same population as the observations for the Stockholm region.
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Table 738: Establishment Characteristics and Product Development in the Machinery
Industry in the Värmland-Älvsborg-Bergslagen Region

Characteristic Para
meter

(1)
t-value Para

meter

(2 )
t-value Para

meter

(3)
t-value

Intercept -2.645 (-28.9) -2.467 (-12.1) -3.098 (-18.4)
IT-value share (V) 0.128 (7.8) 0.103 (2 .0 ) 0.159 (7.3)
"Other” machinery 
industry 1) 2) -0.142 (-2 .1) -0.298 (-1.9) 0.115 (1.0 )
Number of employees 
in commercial jobs (CJ) 0.059 (2.4) 0.130 (2.3) -0.006 (-0 .2 )
Number of employees 
without education at 
university or tech
nical college

-0.044 (-1.7) -0.083 (-1.5) -0 .0 12 (-0.3)

Fairs and exhibitions 
an important informa
tion channel (F) 2)

0.117 (1.5) 0.126 (0 .8) -0.173 (-1.1)

N
R2 (adj.)

96
53.1

44
17.1

57
47.6

1) Manufacture of engines and turbines (SNI 3821), and manufacture of agricultural machinery and 
equipment (SNI 3822) and other machinery and equipment except electrical not elsewhere classified, 
and except machinery repairs (SNI 3829 except SNI 38292).

2) Dummy variable.
Bold type indicates significance at the 5 % level.

7.6.2 Establishment Characteristics and Product Development in the Electrical 
Equipment and Instruments Industries

In this section, we will try to find out which establishment characteristics are associated 
with early use of IT-components in products in the electrical equipment and instruments 
industries. Once again we have estimated equation (5.8) from Chapter 5.

We start by discussing equation (1) in Table 7.39. This equation was estimated on data 
from establishments in the electrical equipment and instrument industries in the Stockholm 
region and was chosen on basis of its R^(adj)-value. The results from the regression are 
interesting because they can be interpreted within the framework of the product life cycle 
theory. The number of college engineers variable indicates the importance of human 
knowledge during the early phases of a product life cycle. Information channels to 
universities, for example, are expected to be important when techniques are new and 
unstandardized. This is confirmed by the variable other information sources in the 
regression. According to the product life cycle theory, establishments engaged in product
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development are typically controlled locally. This is also confirmed by the regression. As 
was the case with the machinery industry in the Stockholm region, early involvement with 
the new technique is associated with a high IT-value share.

Table 7.39: Establishment Characteristics and Product Development in the Electrical
Equipment and Instrument Industries in the Stockholm Region

Characteristic
(1)

Para- t-value 
meter

(2)
Para- t-value 
meter

(3)
Para- t-value 
meter

Intercept -3.381 (-41.2) -3.316 (-18.3) -2.759 (-26.3)
IT-value share (V) 0.088 (4.2) 0.015 (0 .2) 0.111 (4.1)
Number of college 
engineers (CE) 0.161 (5.5) 0.217 (5.6) 0.024 (0.7)
Other information 
sources (01 )1) 0.675 (4.9) 0.815 (4.7) -0.071 (-0.5)
Head office in Sweden but 
outside the county (L2)l) -0.523 (-2.9) -0.597 (-2 .8) -0.184 (-1.2)

N
R2 (adj.)

57
68.7

40
67.4

41
36.6

1) Dummy variable.
Bold type indicates significance at the 5 % level.

Equation (2) in Table 7.39 is a reestimation of equation (5.8) on data for adopters only. 
As was the case for the machinery industry in Table 7.37, all estimated parameters except 
for the variable "IT-value share11 are significant. Thus, we stick to the interpretation given 
above when we discussed equation (1) in Table 7.39.

We have also tested the model/equation (1) on data from establishments in the Värmland- 
Älvsborg-Bergslagen region. The result is presented as equation (3) in Table 7.39. Except 
for the variable "IT-value share" all estimated parameters are non-significant. This 
indicates that establishments in the peripheral region which are early adopters have quite 
different characteristics from the corresponding establishments in the Stockholm region. 
To test the hypothesis that the observations for die Värmland-Älvsborg-Bergslagen region 
come from the same population as the observations for the Stockholm region we conduct 
a "Chow test" (see Subsection 7.6.1). The test statistic then becomes F4, 90 = 15.36 
which may be compared with a table value which is lower than 3.65. This means that we 
reject the hypothesis.

In Table 7.40 we investigate the characteristics of early adopters of IT-components in 
products in the electrical equipment and instruments industries in the Värmland-Älvsborg- 
Bergslagen region.
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Table 7.40: Establishment Characteristics and Product Development in the Electrical
Equipment and Instrument Industries in the Värmland-Älvsborg-
Bergslagen Region

Characteristic
(1)

Para- t-value 
meter

(2 )
Para- t-value 
meter

(3)
Para- t-value 
meter

Intercept -2.064 (-14.7) -1.867 (-10.7) -2.768 (-10.3)
IT-value share (V) 0.081 (3.8) 0.085 (1.8) 0.144 (5.1)
Share of employees in 
administrative jobs (AJ/S) -0.297 (-5.7) -0.318 (-4.7) 0.024 (0.3)
Head office in Sweden 
but outside the county (L2) -0.482 (-3.5) -0.613 (-3.3) 0.093 (0.3)

Journals an important 
information channel (J)*) 0.282 (2.4) 0.223 ( 1.1) -0.301 (-2 .0 )
Share of output sold 
within the county -0.069 (-2.3) -0.070 (-1.5) -0.049 (-1.1)

N
R2 (adj.)

37
69.0

19
67.6

51
38.0

1) Dummy variable.
Bold type indicates significance at the 5 % level.

We start by looking at equation (1) in Table 7.40. This model was chosen because it gave 
the highest explanatory power measured in terms of R^(adj.) and also because the 
variables included in the model seem very plausible, given both the product life cycle 
theory and other theoretical considerations presented in earlier chapters. If we now 
consider the variables included one by one, we note first that early introduction is 
connected with a high IT-value share. This is not surprising. We got the same result for 
equation (1) in Tables 7.38-7.40. Secondly, we see that early adoption is connected with 
a low share of employees engaged in administrative jobs. This is quite reasonable. A large 
share of the employees in administrative jobs indicates a bureaucratic organization and we 
expect bureaucratic establishments to have little propensity to make changes, to take risks, 
etc and thus to wait a considerable time before they adopt new techniques in their 
products. Our third variable concerns the location of the head office and we observe that 
establishments controlled from other parts in Sweden outside the region tend to be late or 
non-adopters, i.e. local control in terms of head office facilities seems to stimulate the 
early adoption of IT-components in products. As our fourth variable we have "journals - 
an important information channel". The importance of journals and magazines as an 
information channel for establishments in the peripheral region might possibly indicate 
that other information channels in the peripheral region are underdeveloped and thus 
costly to use. Our Fifth variable is the share of output sold within the county. We see that 
establishments with a basically local market are not normally early adopters.
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We now turn to equation (2), which is estimated on adopters only in the Värmland- 
Älvsborg-Bergslagen region. The number of observations is now quite low (N = 19) so 
given that we have 5 explanatory variables, we should be careful when interpreting the 
results. Equation (2) indicates that the significant differences between early and late 
adopters come from the share of employees in administrative jobs and the location of head 
office.

Lastly, we have equation (3), which gives the results from an estimation of the model on 
the data from the Stockholm region. The only interesting result from this exercise is that 
establishments in the Stockholm region which have journals and magazines as an 
important information channel tend to be late or non-adopters, which is contrary to the 
result for the Värmland-Älvsborg-Bergslagen region. As was shown in Table 7.39, early 
adoption in the Stockholm region is associated with the use of other information sources 
as important information channels.

The results of this section are summarized in Table 7.41. The main results confirm our 
hypotheses. There is, however, at least one point where our expectations are not 
confirmed, namely, the influence of employment in commercial jobs. In Section 7.4 we 
found a significant positive relationship between employment in commercial jobs and 
product development activities in the Stockholm region, whilst no significant relationship 
was found for the peripheral region. In Table 7.41 we have a significant negative 
influence of employment in commercial jobs on the speed of introduction of IT- 
components in the machinery industry in the Stockholm region, whilst for the machinery 
industry in the peripheral region we have a significant positive relationship. It is, 
however, possible to interpret this result within the spatial product life cycle theory.
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Table 7.41: Establishment Characteristics and Product Development: A Summary

Establishment
characteristic

Influence on product development

The Stockholm The Värmland-Älvsborg 
region Bergslagen region

Machinery Electrical/Instr. Machinery Electrical/Instr.

IT-value share (V) + + + +
Number of college 
engineers (CE) +1) +
Number of employees 
without education at 
university or technical 
college o d

Number of employees 
with commercial jobs (CJ) -2) +
Share of employees in 
administrative jobs (AJ/S) -

Fairs and exhibitions an 
important information 
source (F) (+)2)

Other information 
sources important (0 1 ) +
Journals an important 
information channel (J) +
Head office in Sweden 
but outside the county (L2) -

Export share -
Share of output sold 
within the county _

”Other" machinery 
industry -3)

All parameter estimates except those given within parenthesis are significant at the 5 % level using the 
modified Nabseth-approach. All parameter estimates except those with an exponent are significant at the 5 
% level using the accelerated failure time model.
1) Significant parameter estimate at the 10 % level using the accelerated failure time model.
2) Non-significant parameter estimate using the accelerated failure time model.
3) Significant positive parameter estimate at the 5 % level using the accelerated failure time model.
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In Table 7.41 we also compare the results obtained in this section with the results from 
regressions using the accelerated failure time model briefly described in Chapter 5, i.e. 
tobit analysis. The parameters have been estimated by the LIFEREG procedure within the 
SAS system assuming that the failure time had a log logistic distribution. The parameters 
have been estimated by maximum likelihood.

Looking at Table 7.41 we can see that in 13 out of 18 cases an accelerated failure time 
model gave parameter estimates which had the same sign as the parameters estimated 
using our modified Nabseth-approach and which were also significant at the 5 % level. In 
2 cases we got the same sign but the estimates were only significant at the 10 % level. In 
2 more cases we got the same sign but the estimates were non-significant. Lastly in 1 case 
we got a parameter estimate with an opposite sign which was significant at the 5 % level. 
Experiments with other functional forms for the distribution of the failure time, such as 
the lognormal and Weibull distributions, did not change the results reported in Table 7.41 
for the accelerated failure time model. If we summarize, we might say that the accelerated 
failure time model seems to confirm the results we have established using our modified 
Nabseth-approach.
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8. SPATIAL ASPECTS OF THE DIFFUSION OF APPLICATIONS OF
INFORMATION TECHNOLOGY

8.1 Introduction

It is common knowledge that technical progress is an important element in economic 
growth and that its contribution to the national growth rate tends to be at least as important 
as the quantitative growth of factor inputs. In Sweden technical progress is probably 
mainly the result of adopting and adapting innovations generated and also first introduced 
elsewhere. Analyzing the spatial diffusion of innovations and new techniques thus seems 
essential for the study of regional economic development and growth rate disparities.

Against the background of the information technology (IT) revolution, the spatial 
diffusion of specific innovations is a matter of great significance, and this problem is the 
origin of the present chapter. Does the diffusion of product and process innovations based 
on information technology follow a predictable spatial pattem? Is there any difference 
between the spatial diffusion of product and process innovations? Do peripheral regions 
lag behind metropolitan regions in adopting the new techniques? The purpose of this 
chapter, which builds upon Anderstig and Karlsson (1987), is to analyze the spread of 
selected new techniques based on information technology across different types of 
regions in Sweden.

The empirical analysis is based on a survey of 263 establishments in parts of the 
engineering industry, located in 45 municipalities of varying size from Stockholm to small 
peripheral municipalities. The chapter is organized as follows. Section 8.2 presents the 
model framework and the hypotheses to be tested in this chapter, and in this context 
various analytical problems are discussed. Section 8.3 describes the empirical basis for 
the study and presents some statistical information. The empirical results are presented in 
Section 8.4.

8.2 A Model Framework for Analysing Spatial Diffusion

It should be clear from the discussion in the theoretical chapters above that the spatial 
diffusion of new techniques is related to the spatial location pattern of different activities 
within an enterprise or an industry and to the spatial process by which the location of 
production changes as products mature. In the archetypal location pattern, knowledge- 
oriented activities such as research, and technical and commercial development are located 
in metropolitan and other agglomerated areas, whereas more standardized activities are 
located at lower levels in the urban hierarchy. This familiar scheme of the spatial product 
life cycle generates some hypotheses as regards the spatial diffusion of specific IT- 
applications.

Let us, however, first distinguish between two types of innovations within an industrial 
setting. A dynamic innovation is any measure taken by an enterprise as part of an 
innovative competitive strategy which increases the perceived quality of its old product(s) 
or which introduces totally new products into the market. A cost innovation, on the other 
hand, is any measure taken by an enterprise as part of a price competition strategy which
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reduces its production costs for given products. A common characteristic for both classes 
of innovations is that, in the case of IT, they may be achieved both through the adoption 
of IT-applications in administration and management, and in the production process, and 
through the adoption of IT-components in the products. Now, this means, as we will 
argue below, that in the case of IT, it is possible to make a categorisation of applications 
in terms of dynamic and cost innovations, respectively. Some "process" applications are 
in fact linked to an innovative competitive strategy, i.e. should be categorized as a 
dynamic innovation, whereas some "product" applications are linked to reducing the costs 
of producing a standardized product, i.e. should be categorized as a cost innovation.

As it is a relatively new and constantly changing technology, definitions of IT are not very 
precise. It is, however, possible to make some rough classifications of different types of 
IT-applications with respect to the dimensions standardization and complexity. Looking 
first at IT-applications in the production process, we have numerically controlled 
machines (NC), computerized numerically controlled machines (CNC), industrial robots 
(IRb), automated materials handling (AMH), and production systems with limited 
manning (PBB) as examples of IT-applications which tend to be associated with 
standardized production and, thus, often associated with a price competition strategy. The 
opposite tendency of differentiated production, emerging from an adaptation to 
customers" needs, and, thus, often associated with an innovative competitive strategy, is 
closely associated with computer-aided design (CAD), computer-aided manufacturing 
(CAM), and flexible manufacturing systems (FMS). As to the complexity of various 
applications, there is a ranking from low complexity, e.g. individual NC and CNC 
machines, to high complexity, e.g. integrated systems including subsystems of CAD, 
CAM, PBB, FMS, etc (See Chapter 9).

Now, we expect the probability of adopting IT-applications of high complexity, and 
applications adapted to differentiation to vary with the location of the enterprise 
(establishment) with respect to the level in the urban hierarchy. There are several reasons 
for this. First, the diffusion of this kind of IT-application constrained by limitations on the 
spatial distribution of technological skills. Second, a low level of intraregional 
accessibility is also a constraint in terms of the need for technical support and the aim of 
flexible customer adaptation. Third, there may exist external economies of scale in the 
production of knowledge at higher levels of the urban hierarchy.

Regarding IT-components in the product, the question whether there is a hierarchical 
spatial diffusion pattern is, again, dependent on our beliefs regarding the standardization 
and complexity level of the product and its IT-components. Accordingly, a hierarchical 
diffusion pattern is expected with respect to the use of IT-components in products of 
relatively high complexity and relatively low standardization.

Finally, as regards IT-applications in administration and management, two points should 
be made. Some administrative routines, such as accounting and budgeting, are general 
and the corresponding IT-applications are, likewise, standardized. For this group of IT- 
applications no hierarchical spatial diffusion pattem is expected. But there are other tasks 
in administration and management of specific importance for enterprises located at higher 
levels in the urban hierarchy, e.g. R&D, and strategic planning. The probability of
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adoption of IT-applications for such purposes is consequently expected to vary with the 
agglomeration of the location.

Summing up our hypotheses, the spatial diffusion of IT-applications tends to be 
determined by both the spatial distribution of different activities within enterprises and 
industries and the location of the enterprise (establishment) with respect to the level in the 
urban hierarchy. This means that, to the extent that there is a hierarchical pattern in the 
spatial diffusion of IT-applications, this will partly reflect fixed or semi-fixed 
characteristics internal to the enterprise (establishment), e.g. the composition of the labour 
force with respect to education level, skills, etc and partly fixed or semi-fixed 
characteristics of urban places and regions external to the enterprise (establishment).

Diffusion is a concept which implies the presence of the time dimension. Modelling 
spatial diffusion, for example, could mean that the spatial variation in the year of adoption 
is the subject at issue, in line with the analysis in Chapters 6 and 7. We will, however, 
analyze the spatial variation as regards the adoption of specific IT-applications in the year 
of observation. The reason, for one thing, is that a major part of the IT-applications are 
only adopted by a small number of establishments, which makes it less interesting to 
discriminate between the adopting establishments. Second, the characteristics of the 
establishments refer to the year of observation.

Assuming, that the probability of establishment n adopting the IT-application (t »  1) 
depends on a vector of establishment characteristics (X) and a vector of unknown 
parameters (£), we will use the logit formulation as our model framework:

Pn (i “  1) = exp b X i n / (exp b X0n + exp b X ln),

where bX0n expresses the "preference value" for the establishment if it does not adopt 
the innovation and b X ln expresses the "preference value" for the establishment if it 
adopts the innovation. Since the logit and probit approaches normally produce similar 
results (Maddala, 1983), the former has been chosen as it is the most convenient.

Among the characteristics to be tested, the emphasis is placed on those representing the 
spatial dimension. More particularly, we are concerned with the urban hierarchy, where 
regions are classified according to the size of their population. Among the enterprise 
(establishment) characteristics, the size of the enterprise in terms of the number of 
employees is essential, since the capacity and incentive to adopt new technologies, as well 
as the readiness and capacity to take risks, are assumed to be related to enterprise size. 
Since data are reported on the establishment level, affiliation to a multi-establishment 
enterprise is a complementary characteristic in this respect. In line with the analysis in 
earlier chapters, other characteristics, such as the number of university engineers, the 
number of employees with higher education, etc., are assumed to be direct indicators of 
the ability to adopt new technologies. Since past investment outlays may be a retardation 
factor in adopting new technologies, and the age distribution of the capital stock is 
assumed to be related to the age of the establishment, the latter is included as one 
characteristic with a possible influence upon adoption probability. As early as 1929 
Kuznets suggested that the age of enterprises and industries in itself is a major factor in 
explaining their attitudes toward innovations. One characteristic, customer dependence, is
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intended to be a direct indicator of standardization vs. differentiation. It is assumed that 
the higher the share of sales going to the major customer, the higher tends the probability 
of standardization in production to be. Finally, the industry - machinery, electrical, or 
instruments - is included as potentially influencing adoption probability.

Within this model framework the analysis covers 11 IT-applications in production, 9 IT- 
applicadons in administration and management and finally, IT-components in the product. 
From the discussion above, it may be expected that standardization in production and the 
complexity of the applied technology are the two dimensions related to the spatial 
dimension of the diffusion process, as regards process applications. We have given some 
specific examples with respect to these dimensions and it may seem natural to define all 
IT-applications similarly in order to get a complete and exclusive classification.

This task is, however, hard to accomplish. First, the way different IT-applications within 
an enterprise or an establishment are co-ordinated or integrated cannot be judged from 
available data, nor is there any information of the number of a specific IT-application, e.g. 
the number of NC machines. Second, definitions even of individual applications are not 
very precise; just to take one example, it is not possible to differentiate between different 
technological vintages of the actual technique.

The model outlined above is used in two steps. First, it is used with individual IT- 
applications. As to the process applications, we aim here at making a distinction between 
techniques supporting standardized and differentiated production respectively, though the 
distinction is not based on totally satisfactory definitions. In a second step, the model is 
used with respect to the adoption of computer-based systems of varying complexity. 
Although the co-ordination and integration of different IT-applications are unknown, a 
simple classification with regard to the number of different applications is assumed to give 
a reasonable measure of the complexity of the technological system in use. By defining 
systems as of low, medium, and high complexity, depending on the number of different 
applications, the adoption probabilities are estimated by a multi-nomial formulation of the 
logit model. Although the definitions are made ad hoc, they are based on observations as 
to the adoption rates of some significant applications, as CAD, CAM, PBB, and FMS. Of 
course, the standardization of production and the complexity of the technology are not 
totally separable dimensions, a fact to keep in mind, when interpreting the results.

Before presenting our data in the next section, we give an overview of the hypotheses that 
will be tested in this chapter: The probability of adopting IT-applications of high 
complexity and IT-applications adapted to differentiated production in manufacturing and 
administration and of adopting IT-components in products of relatively high complexity 
and relatively low standardization

H I: varies positively with the population size in the labour market area where the 
establishment is located,

H 2: is positively influenced by the size of the establishment measured in terms of the 
number of employees,

H 3: is positively influenced by affiliation to a multi-establishment enterprise,
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H 4: is positively influenced by the number of university engineers employed by the 
establishment,

H 5: is positively influenced by the age of the establishment measured in terms of the 
number of years at the present location,

H 6 : is negatively influenced by the customer dependence of the establishment 
measured in terms of the share of sales going to the largest customer,

H 7: is influenced by which industry - machinery, electrical or instruments - the 
establishment belongs to.

8.3 Data and Some Description

Our empirical analysis is based on survey data from 263 establishments in 3 industries: (i) 
Machinery and equipment, (ii) Electrical equipment and components, and (iii) 
Instruments. Data were collected in 1985/86 by postal questionnaires to establishments in 
3 counties: Stockholm, Värmland and Älvsborg. Different survey designs have been 
used: in Stockholm a stratified sample by size of establishment (> 9 employees) was 
taken, whereas complete surveys were made in the other two counties (> 4 employees). 
In Värmland and Älvsborg the number of respondents covers more than 90 % of the 
relevant population of establishments, compared to 33 % in Stockholm. The size 
distribution of the sampled establishments is presented Table 8.1.

Table 8.1: Sampled Establishments in Stockholm, Värmland, and Älvsborg by
Number of Employees. %. (Absolute Numbers).

County <20
Number of employees 

20-49 50-99 100-199 200-499 >500 Total

Stockholm 11 16 22 17 17 17 100 (120)
Total population 
in Stockholm 37 30 12 8 7 6 100 (366)
Värmland 42 21 8 18 5 6 100 (62)
Älvsborg 48 30 6 5 9 2 100 (82)

The larger establishments in the total sample are thus concentrated to Stockholm; more 
than two thirds of establishments with more than 50 employees are located in Stockholm, 
compared to 45 percent of all establishments in the sample. Also with respect to 
establishments in different industries, the distribution varies between the counties, as 
shown in Table 8.2. Obviously, the sample in Stockholm is biased with respect to 
establishment size and, though to a lesser degree, with respect to industry.
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Table 8.2: Sampled Establishments in Stockholm, Värmland and Älvsborg by
Industry. (%) (Absolute numbers).

County Machinery

Industry

Electrical Instruments Total

Stockholm 52 29 19 100(120)
Total population in 
Stockholm 51 34 15 100 (366)
Värmland 71 19 10 100 (62)
Älvsborg 69 28 3 100 (81)

A crucial question is whether the spatial dimension can be reasonably represented by the 3 
counties selected, excluding the other 22 counties. Actually, within this small number of 
counties the urban hierarchy in Sweden is fairly well represented. Municipalities in 
Sweden can be grouped in six ’H-regions1 according to their level of intra-regional 
accessibility. Applying this definition of the urban hierarchy, the sampled establishments 
are distributed as shown in Table 8.3.

Table 8.3: Sampled Establishments by Level in the Urban Hierarchy.

H- Definition Number of Number of
region municipalities establishments

1 Stockholm/Södertälje A-region 18 118
2 Other metropolitan areas, Gothenburg A-region 3 24
3 Municipalities with more than 90,000 inhabitants 

within 30 km from the centre of the municipality
9 63

4 Municipalities with 27,000-90,000 inhabitants 
within 30 km from the centre of die municipa
lity and with more than 300,000 inhabitants 
within 100 km from the centre of the municipality

11 46

5 Municipalities with 27,000-90,000 inhabitants 
within 30 km from the centre of the municipa
lity and with less than 300,000 inhabitants 
within 100 km from the centre of the municipality

1 2

6 Municipalities with less than 27,000 inhabitants 
within 30 km from the centre of the municipality

3 10
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As can be seen from Table 8.3, all levels in the urban hierarchy are represented in our 
sample. Some H-regions are, however, represented by only a few establishments. For 
analytical purposes it seems more reasonable to define regions in the same way as H- 
regions 1 and 2, i.e. as A-regions, defined as aggregates of municipalities connected by 
labour force commuting. This definition provides more information about the intra- 
regional accessibility at various locations. In our data 10 A-regions are represented (See 
Figure 8.1).

As the spatial characterization we will use the size of the A-region, given by the total 
number of inhabitants at the end of 1985. One A-region - A-region 42 - is divided into a 
central and a peripheral subregion, since the commuting criterion is not valid. Other 
representations of the spatial dimension, such as measures of interregional accessibility 
and regional infrastructure, must be left out because of the small sample of regions.

Figure 8.1 A-regions in Sweden. The Shaded Regions Are Covered by the Surveys.

Among the IT-applications to be studied, the 11 referring to the production process are of 
major interest and should be specified. In Table 8.4 we report on the first year of 
adoption, adoption shares with respect to all establishments in the sample, and adopting 
establishments in different categories as regards the number of different IT-applications
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adopted (reflecting 'complexity' according to the discussion above). Further, the 
applications are reported in a decreasing order of assumed association with standardized 
production.

There is in our data no relationship between the present adoption rate and the reported 
year of introduction (first year of adoption). Not surprisingly, this means that the path and 
speed of diffusion varies between different applications. Nor is it surprising that 
applications adopted only by a small number of establishments, e.g. PBB and FMS, are 
primarily adopted by establishments using several different applications. Here it should be 
noted that 53 % of the adopting establishments belong to the first category, i.e. 1-3 
applications adopted; 31 % belong to the second category, i.e. 4-6 applications; and 16 % 
belong to the third category with more than six applications adopted.

Table 8.4: IT-Applications in the Production Process. First Year of Adoption and
Adoption Shares. (%)

IT-application First year Adoption Adopting establish-
of adoption share ments by number of 

IT-applications 
adopted
1-3 4-6 >6

1. Numerical control (NC) and 
Direct numerical control (DNC)

1965 32.7 33 41 27

2. Computerized numerical control 
(CNC)

1970 35.0 37 36 27

3. Industrial robots (IRb) 1968 16.0 26 34 40
4. Production with limited manning 

(PBB)
1974 11.0 7 38 55

5. Automated materials handling 
(AMH)

1964 9.1 17 33 50

6. Materials and production planning 
(MPS)

1965 38.8 27 47 26

7. Management resource planning 
(MRP)

1965 17.5 13 52 35

8. Computer-aided testing (CAT) 1965 21.7 28 28 44
9. Computer-aided design (CAD) 1970 32.3 35 34 31
10. Computer-aided manufacturing 

(CAM)
1970 32.3 22 48 29

11. Flexible manufacturing systems 
(FMS)

1975 9.5 4 32 64
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Since the adoption and development of a computer-based system is normally a piecemeal 
process, we should expect to find the initiating establishments among those who have 
adopted several applications. Looking at individual applications, we find that 6 have been 
introduced (first adopted) by establishments using more than 6 applications in the year of 
observation, that 5 have been introduced by establishments using 4-6 applications in the 
year of observation, and, consequently, that none has been introduced by establishments 
using 1-3 applications in the year of observation. Table 8.5 summarizes the information in 
terms of the average year of adoption, with regard to the year of introduction. From this 
table we can conclude that a large (small) number of IT-applications adopted is a good 
indicator of whether the establishment is generally an early (late) adopter.

Table 8.5: Average year of Adopting IT-Applications by Number of Applications. (%)

Average year of adoption Number of IT-applications adopted
1-3 4-6 >6

Less than 15 years after introduction 20 45 74
More than 15 years after introduction 80 55 26

100 100 100

Finally, table 8.6 presents a summary of the characteristics to be included in the models.
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Table 8.6: Average Characteristics of the Sampled Establishments.

Mean Minimum Maximum

Location characteristic
Total population in A-region (POP) 807548 42204 1536095

Establishment characteristics
Total number of employees (EMP) 211 5 8000
Number of university engineers (UNE) 17 0 800
Number of employees with non-technical 
university education (UNO)

19 0 560

Share of sales to the major customer, 
per cent (CUST)

22 0 100

Percentage of establishments established 
before 1970 (OLD)

52

Percentage of establishments affiliated to 
multi-establishment enterprises (MEE)

62

Percentage of establishments in Electrical 
equipment and components (ELE)

27

Percentage of establishments in Instruments 12 
(INSTR)
Percentage of establishments in Machinery 61
and equipment (MACH)

8.4 Empirical Results

The specification of the binary logit model in Section 8.2 follows the normal assumption 
of a function that is linear in parameters and additive in variables. Given such a functional 
form, the variables included could incorporate more or less complex transformations and 
interactions of the characteristics presented in Table 8.6. For one reason, there are 
probably significant interaction effects between location and establishment characteristics 
and among establishment characteristics. In the work reported in this chapter we have not 
elaborated on these aspects. The model applied uses the characteristics as presented in 
Table 8.6, transformed only for computational reasons, and no interaction effects are 
included.

Since the two characteristics indicating the number of employees with higher education, 
UNE and UNO, and the total number of employees, EMP are highly correlated, about 0.7 
- 0.8, each of these characteristics has been tested separately. The models estimated 
include all the characteristics in Table 8.6 except MACH, which is used as a reference 
industry. Total employment, EMP, would seem to give significant estimates (at the 5 %
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level) for all applications but two, whereas the number of university engineers, UNE, is a 
significant factor in only two cases. Hence, the estimated models presented in Table 8.7 
refer to the specification where total employment is the characteristic included.

Table 8.7: Estimated Coefficients of a Logit Model of Adopting Specific IT-Applicati-
ons in the Production Process. (Asymptotic t-statistics).

Characteristic NC.DNC CNC IRb PBB AMH MPS

Intercept -0.574 -1.255 -3.521 -2.376 -5.026 -1.704
(-2.2) (-5.5) (-6.6) (-4.9) (-6.7) (-5.5)

Total population in the 4.726 -1.926 -6.349 4.599 -5.076 -2.516
A-region (POP* 10"^) (3.0) (-1.2) (-2.5) (1.7) (-1.4) (-1.5)
Total number of employees 25.380 43.074 16.464 12.524 7.111 32.631
(EMP* 10'4) (4.3) (6.0) (3.5) (3.3) (1.8) (4.3)
Share of sales to the major -0.983 0.985 0.469 -2.446 0.648 -0.815
customer (CUST) (-2.3) (2.4) (0.7) (-2.7) (0.8) (-1.6)
Establishment established -0.294 -1.188 -0.764 -1.333 0.896 0.072
before 1970 (OLD)1) (-1.5) (-5.4) (-2.2) (-3.5) (1.9) (0.3)
Establishment affiliated to a -0.366 -0.124 2.096 0.782 1.266 1.192
multi-establishment enter
prise (MEE)l)

(-1.7) (-0.6) (5.0) (2.3) (2.3) (5.1)

Establishment in the electrical - 1.000 -1.255 0.792 -0.295 1.360 0.237
equipment and components 
industry (ELE)l)

(-4.6) (-5.5) (2.4) (-0.9) (2.7) (1.0)

Establishment in the instru -0.654 -1.027 0.516 -0.302 1.149 -0.045
ments industry (INSTR)l) (-2.2) (-3.1) (1.0) (-0.6) (1.7) (-0.1)

2[log L(*) - log L(0)] 140.4 178.8 553.0 219.2 679.1 282.0

p 2 0.17 0.21 0.65 0.60 0.80 0.33

1) Dummy variable.
Bold type indicates significance at the 5 % level.

Remark (Anas, 1982):
L(*) = the value of the maximized log likelihood,
L(0) = the null log likelihood value,
L(**) = the saturated prediction value of the log likelihood,
p2 = [log L(*) - log L(0)]/[log L(**) - log L(0)].



191

Table 8.7 (continued):

Characteristic MRP CAT CAD CAM FMS

Intercept -3.074 -4.746 -1.504 -1.471 -2.968
(-7.5) (-9.7) (-4.7) (-4.6) (-5.1)

Total population in the 6.020 11.546 -3.085 0.295 8.223
A-region (POP* 10“̂ ) (2.7) (4.4) (-1-7) (0.2) (2.6)
Total number of employees 5.332 21.587 27.544 20.398 1.982
(EMP*10"4) 0 .7) (4.0) (4.6) (3.7) (0.9)
Share of sales to the major 0.043 1.103 -1.639 -1.531 -5.345
customer (CUST) (0.1) (2.2) (-2.9) (-2.8) (-3.6)
Establishment established 0.216 0.003 •0.511 -0.286 -0.129
before 1970 (OLD)1) (0.8) (0.0) (-2.1) (-1.2) (-0.4)
Establishment affiliated to a 0.608 0.429 0.899 1.046 0.738
multi-establishment enter
prise (MEE)l)

2.2) (15) (3.7) (4.4) (2.0)

Establishment in the electrical 0.216 1.721 0.527 -0.403 0.150
equipment and components 
industry (ELE)l)

(0.8) (5.8) (2.2) (-1.7) (0.4)

Establishment in the instru -0.581 1.232 0.889 -0.311 -0.768
ments industry (INSTR)*) (-1.2) (3.2) (2.7) (-0.9) (-1.2)

2[log L(*) - log L(0)] 408.4 414.8 310.4 293.8 577.6

P2 0.48 0.50 0.37 0.35 0.68

1) Dummy variable.
Bold type indicates significance at the 5 % level.

The IT-applications in Table 8.7 are reported in order of assumed association with 
standardized production from NC to FMS, as in Table 8.4. If this assumption is correct, 
we can conclude that the estimated influence of the regional population generally supports 
our hypothesis; from NC, DNC to MPS population has a significant positive influence in 
only one case (NC, DNC), while the influence is negative in four cases (CNC, IRb, 
AMH, and MPS). The opposite pattern applies to IT-applications with an assumed low 
association with standardized production: from management resource planning (MRP) to 
FMS, regional population has positive, and significant, influence on adoption probability 
in three cases (MRP, CAT, and FMS), while the influence is negative (although not 
significant at the 5 % level) in one case (CAD).

It should be admitted that the ranking of applications with regard to standardized 
production is rather poorly underpinned. We have assumed that customer dependence 
(CUST), is an indicator of standardization. Thus, we should expect the influence of this
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variable to be positive mainly among NC - MPS and negative among MRP - FMS. The 
results support this to some extent - with respect to CNC, on the one hand, and CAD, 
CAM, and FMS, on the other - but are not conclusive.

The age of the establishment (OLD) appears as a significant characteristic (at the 5 % 
level) mainly among IT-applications with high standardization ranking. Obviously, CNC, 
IRb, PBB and CAD are IT-applications that will more probably be adopted in relatively 
new establishments. Affiliation to a multi-establishment enterprise (MEE) has the 
expected positive influence in most cases. Evidently, the adoption probability for some 
applications varies by industry, e.g., computer-aided testing (CAT) is an IT-application of 
relevance primarily for establishments producing electrical equipment and components or 
instruments.

According to the estimates, the number of employees who are university engineers has a 
significant influence on adoption probabilities in only two cases compared to a significant 
influence from establishment size in eight cases. However, the meaning of this should be 
qualified. Let us take one specific example - the number of university engineers and its 
influence on the probability of adopting CAM. First, it should be stated that 80 % of all 
establishments in the sample have less than 10 university engineers employed, and among 
these we find 65 % of all establishments adopting CAM. More specifically, among the 40 
% employing no university engineers we find 27 % of all establishments adopting CAM, 
and they are mainly located in Stockholm.

This noteworthy observation does not mean that technical skills and knowledge are 
irrelevant in Stockholm while relevant elsewhere. It probably means that establishments 
located in Stockholm can have these services provided by the enterprise, if affiliated to a 
multi-establishment enterprise, or can buy them externally. Pointing out that enterprises 
involved in diffusing IT or acting as consultants on IT are concentrated to the Stockholm 
region is, in this context, to point to one important aspect of the urban hierarchy.

Next, Table 8,8 presents the results from estimating models of adopting computer-based 
systems of varying complexity, as measured by the number of applications adopted. 
High, medium, and low complexity are defined as more than 6 applications, 4-6 
applications, and 1-3 applications, respectively. Three models are reported; model 1 
including only the number of university engineers (UNE), and alternative specific 
constants; model 2 includes UNE and model 3 EMP in its place, but they are otherwise 
similarly specified. The characteristics appear as alternative specific variables with regard 
to high (H), medium (M), and low (L) complexity, with no applications being the 
reference alternative.
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Tahle 8.8: Estimated Coefficients of Logit Models of Adopting Computer-based
Systems of Varying Complexity. (Asymptotic t-statistics).

Characteristic Modell Model 2 Model 3

Intercept (H)

Intercept (M)

Intercept (L)

Total population in the A-region (PO P*10“7)(H )

Total population in the A-region (POP*10"7)(M)

Total population in the A-region (PO P*10'7)(L)

Number of university engineers employed 
(UNE*10-6)(H)
Number of university engineers employed 
UNE*10"6)(M)
Number of university engineers employed 
(UNE*10-6)(L)
Total number of employees (EMP*10‘4)(H)

Total number of employees (EMP*10"4)(M)

Total number of employees (EMP*10“4)(L) 

Establishment established before 1970 (OLD)(H)l) 

Establishment established before 1970 (OLD)(M)l) 

Establishment established before 1970 (OLD)(L)*)

-1.795
(-9.2)

-5.126
(-7.3)

•5.083
(-7.0)

-0.436
(-3.5)

-1.233
(-4.2)

-1.221
(-4.1)

0.413
(3.9)

0.406
(1.8)

0.386
(1.7)

- 11.649
(3.5)

12.113
(3.4)

- 6.697
(3.3)

6.073
(3.0)

- 2.521
(1.5)

1.880
(1.2)

2.086
(3.3)

0.449
(1.2)

-

-0.026
(-0.3)

-1.219
(-1.5)

-

-4.501
(-3.3)

-4.317
(-3.0)

-

- - 48.575
(4.3)

- - 34.490
(3.1)

- - 19.755
(1.7)

- 0.981
(2.2)

0.595
(1.3)

- -0.676
(-2.8)

•0.815
(-3.3)

- -1.087
(-5.2)

-1.137
(-5.5)
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Table 8.8 (continued):

Characteristic Modell Model 2 Model 3

Establishment affiliated to a multi 2.530 1.773
establishment enterprise (MEE)(H)1) (4.9) (3.2)
Establishment affiliated to a multi - 1.132 0.607
establishment enterprise (MEE)(M)*) (4.4) (2.2)
Establishment affiliated to a multi _ 0.538 0.073
establishment enterprise (MEE)(L)1) (2.4) (0.3)

2[log L(*) - log L(0)] 230.5 335.4 352.0

P2 0.14 0.20 0.21

1) Dummy variable.
Bold type indicates significance at the 5 % level.

The estimates in model 1 show that the probability of adopting computer-based systems 
of high and low complexity is influenced (positively and negatively, respectively) by the 
number of university engineers employed. The result coincides with the very meaning of 
complexity. However, the additional characteristics of model 2 dissolve this relation with 
regard to systems of high complexity. It appears that urban agglomeration and affiliation 
to a multi-establishment enterprise are the influential factors in this respect - implying that 
establishments with a large number of university engineers are mainly located in 
agglomerated areas. That 80 % of all establishments in the sample employing more than 
10 university engineers are located in the Stockholm region, of course, reflects the 
regional distribution of the sampled establishment according to size. We may notice that 
the probability of adopting computer-based systems of low complexity continues to be 
negatively influenced by the number of university engineers employed. Replacing 
university engineers with total employment, in model 3, does not change the positive 
influence of agglomeration and affiliation to a multi-establishment enterprise, except that 
the influence of affiliation to a multi-establishment enterprise has become insignificant in 
the case of systems of low complexity. The age of the establishment (OLD) influences 
adoption probabilities in a way that could be expected when the piecemeal process of 
developing a computer-based system is taken into account.

The general impression from the results reported in Table 8.8 confirms our expectations; 
advanced system orientation is a phenomenon mainly found in Stockholm and other 
agglomerated areas, where the requirements for technical skills and producers' services 
can be most easily met.

As stated in Chapter 2, we do not expect to find a general hierarchical diffusion pattem 
with regard to IT-components in products. With all relevant characteristics included, the 
results of the two models estimated are reported in Table 8.9.
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Table 8.9: Estimated Coefficients of Logit Models of Adopting IT-Components in the
Products. (Asymptotic t-statistics).

Characteristic Modell Model 2

Intercept 0.263
(1.1)

0.289
(1.2)

Total population in the A-region (POP* 10"?) -3.302
(-2.3)

-3.330
(-2.3)

Total number of employees (EMP*10“4) - 18.184
(3.0)

Number of university engineers employed (UNE* 10'^) 2.197
(2.7)

-

Share of sales to the major customer (CUST) -1.583
(-4.0)

-1.602
(-3.9)

Establishment established before 1970 (OLD)*) -0.587
(-3.2)

-0.663
(-3.5)

Establishment affiliated to a multi-establishment 
enterprise (MEE)l)

0.652
(3.4)

0.557
(2.8)

Establishment in the electrical equipment and 
components industry (ELE) * )

0.632
(3.3)

0.603
(3.1)

Establishment in the instruments industry (INSTR)*) 0.162 0.179

2[log L(*) - log L(0)] 82.8 85.5

P2 0.10 0.10

1) Dummy variable.
Bold type indicates significance at the 5 % level.

Obviously, if we control for establishment size (or number of university engineers), 
industry, age, and type of establishment, the results indicate that the agglomeration factor 
has a significant negative influence on the probability of adopting IT-components in 
products. According to Table 8.9, the typical characteristics of an establishment using IT- 
components in its products are the following: Large size and a number of university 
engineers employed, newly established at a non-central location, affiliated to a multi
establishment enterprise and producing electrical equipment sold on a large market (many 
customers).

The first year for the adoption of IT-components reported in our data is 1960, and the 
adoption rate by 1986 is 56 %. Since ’IT-components’ refer to simple as well as advanced 
electronics, a somewhat closer examination is called for. Data include reports on the 
estimated proportion of the product value attributed to electronics and software. Further,
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information is given as to whether the software is mainly developed by the enterprise or 
mainly bought from external sources.

It appears that there is a positive relation between agglomeration, early adoption and the 
relative value of the IT content. Yet, there is no relation between agglomeration and the 
internal development of software. Regressing the IT-value share on the same 
characteristics as in models 1 and 2 above, it turns out that the agglomeration factor 
(regional population) and the number of university engineers are the only characteristics 
that are important in a statistical sense.

Assuming that a high IT-value content reflects a product of high complexity and low 
standardization, the picture that emerges supports our expectations. That is, advanced use 
of IT-components is a phenomenon mainly found in establishments involved in 
innovative competition, located in agglomerated areas and with a high level of technical 
skills available. The common use of IT-components is, however, mainly found in large 
branch-establishments, in peripheral locations, involved in price competition.

Finally, as for IT-applications in administration and management, the results can be 
briefly summarized. With a model specification similar to that in Table 5.1, the following 
results were obtained. If we control for establishment size, etc., the agglomeration factor 
(regional population) has significant positive influence on adoption probabilities in 7 cases 
out of 9, the exceptions being accounting and budgeting. Establishment size proves to 
have an influence in all cases but computerized accounting, while the number of 
employees with higher education (UNO) is of significant influence only for adopting 
computer support in distribution/logistics. Affiliation to a multi-establishment enterprise 
appears to exert an influence on the adoption probabilities in all 9 cases. By and large the 
results are in line with our expectations.

Summarizing our empirical results, we feel that they generally support our expectations. 
If we start with IT-applications in the production process, the results indicate that IT- 
applications associated with standardized production do not show a hierarchical diffusion 
pattem while IT-applications associated with differentiated production do. As regards the 
dimension complexity (high, medium, low), our results suggest that systems of IT- 
applications with high and medium complexity are characterized by a hierarchical 
diffusion pattem. As regards IT-components in products, a hierarchical diffusion pattern 
applies to 'advanced' IT-applications, in terms of the relative value of the IT-content in the 
products. Generally, the use of IT-components in products is, however, more frequent at 
lower levels in the urban hierarchy. Lastly, in the case of IT-applications in administration 
and management, we have found a hierarchical diffusion pattern in 7 out of 9 cases. 
Generally, our results indicate that large establishment size and affiliation to a multi
establishment enterprise increase adoption probabilities, while high customer dependence 
and high age of an establishment decrease adoption probabilities. The influence of the age 
of the establishment is contrary to our expectations. Concerning the influence on adoption 
probabilities of the employment of university engineers our results are somewhat mixed 
with only a few examples of a significant positive influence. Finally, we have several 
examples of influence on adoption probabilities of the industry to which an establishment 
belongs.
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9 . SKILLS AND THE AUTOMATION OF PRODUCTION SYSTEMS

9.1 Introduction

In this last empirical chapter, which is inspired by Kaplinsky (1985), we shall investigate 
the capability of individual establishments in the engineering industry to introduce new 
techniques of varying degrees of complexity into their production processes. The study 
tries to provide an answer to the question of how the skills of the employees affect an 
establishment's ability to adopt applications of information technology to automate its 
production. It should be stressed at the very outset that the analysis in this chapter is 
speculative and tentative in nature.

The chapter is organized as follows: In Section 9.2 we present a theoretical framework for 
studying the automation of production systems. We discuss the concept of automation, 
present a conceptual model of the enterprise as a production system and provide a general 
characterization of the automation process. The role of information technology in the 
automation process is discussed in Section 9.3. We give a general characterization of 
information technology and emphasize that it is an intellectual technology. The use of 
information technology to automate the manufacturing system of an enterprise is also 
described. The formal hypotheses are presented in Section 9.4 and tested in section 9.5. 
A summary of our conclusions is given in the final section.

9.2 Automation. of Production. Systems

The purpose of this section is to develop a theoretical framework for analysis of the 
automation of production systems. In subsection 9.2.1 we discuss the concept of 
automation and in subsection 9.2.2 we describe the enterprise as a production system. We 
end with a general characterization of the automation process in subsection 9.2.3.

9.2.1 The Concept of Automation

Historically, there has been some dispute as to the meaning of the concept of automation. 
In particular the specificity of the term has been questioned. Thomas (1969, p.6), for 
example, argues that:

"'automation' is a technology quite distinct from mechanization and it is concerned with replacing or 
aiding human mental effort as distinct from aiding man's physical effort."

The virtue of Thomas' perspective is that it emphasizes the control characteristics of 
automation technology (cybernetics). It may be noted, that Wiener (1948) and others tried 
to institute feed-back control as the true characteristic of automation in general.

However, despite the attractiveness of Thomas' definition, it is more common to consider 
automation in its more general sense as defined by Einzig (1957, p.2f):
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"a technological method that tends to reduce current production costs in terms of man-hours per unit of
output ..... Its loose use practically as a synonym for advanced mechanisation may shock the
technologist, but serves the purposes of the economist."

Bell (1972) offered some clarity in this muddy debate when he suggested that there are, in 
fact, three different elements of automation technology in manufacturing. These are (i) 
control, (ii) transformation of inputs, and (iii) transfer between workpoints. In each of 
these areas, there are different degrees of automation but a high level of automation in one 
area need not be associated with a high level in the other two. This is an important insight, 
since it provides a distinction between types as well as degrees of automation (Kaplinsky, 
1985).

This may be regarded as the current state of the art with regard to the characterization of 
automation. It has three dimensions: (i) automation should be considered in its widest 
sense, (ii) there are degrees of automation, and (iii) automation consists of three 
components: transformation, transfer, and control.

However, we feel that this characterization of automation is inadequate. It only covers one 
sphere of production - the physical transformation of inputs into outputs. But other 
important technological developments, such as those in the office, and those in the 
conception and design of new and improved products, are now unfolding. These, too, are 
important elements in the organization of production and lend themselves to analysis in a 
similar way.

Before we can proceed, we need to distinguish conventional automation from 
programmable automation. Conventional automation refers to a system of operations 
with no human factor input once the process is under way. More specifically, the labour 
input in the production process is replaced by a machine specially designed for a particular 
single-function performance, generally one that is continuous and repetitive. However, 
varying degrees of automation are possible with varying combinations of human and non
human factor inputs.

Program m able automation is a concept that is derived from computers and their 
associated components, such as sensors, soft-ware, feed-back mechanisms, etc 
(Kamrany, 1974). In a programmable automation system, computer-directed machines 
perform diverse manufacturing operations, such as designing, prototyping, production 
engineering, tooling, part-forming, assembly, inspection, quality control, material 
transfer and storage, inventory control and so on.

Programmable automation requires a minimum of human intervention in manufacturing. 
Therefore, it is not constrained by human variability or reaction time. Moreover, it 
integrates production activities with other processes such as computer-aided design and 
engineering, accounting and production control, and management. The flexibility of 
programmable production automation permits various forms of optimal scheduling and 
resource allocation as well as the maintenance of an optimal inventory level for both 
inputs and outputs.
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9.2.2 The Enterprise as a Production System

The technology from which the choice of new automation technique is made consists of 
machines or systems of machines that are introduced gradually into the different 
operations of the enterprise. To analyze this gradual introduction of new techniques one 
should consider the enterprise as a set of distinct, coupled subsystems. We suggest that it 
is possible to break down each enterprise into a few central subsystems, each having its 
specialized functions. Here we only distinguish between three such subsystems, namely, 
(i) design, where the nature of the enterprise's output is defined, (ii) manufacturing, 
where these designs are transformed into actual physical products, and (iii) control, 
where the activities of the enterprise is co-ordinated. The adoption of new techniques 
actually takes place at the subsystem level and it is at this level that we conduct our 
analysis.

Naturally, the extent to which these abstract subsystems refer to actual systems in any 
particular enterprise depends upon the nature of the activities involved. Enterprises 
producing simple products with primitive technology will normally have a poorly 
developed design department, whereas small, high-technology electronics enterprises may 
have a very well-developed design capability that requires little formal co-ordination. 
Nevertheless, in almost ail modem enterprises except the smallest, whatever their sector, 
these three subsystems will tend to be separated into different organizational units. Now, 
within each of these three subsystems there is a variety of separate activities. This 
variation is particularly marked in the manufacturing system, where it will be affected by 
such things as the nature of the process (flow or batch) and scale.

Within the design system, design itself is usually an activity distinct from drawing, 
copying and tracing. The key actors in this system are skilled engineers, scientists and 
technicians, but to work effectively, they require the back-up of a staff of 'information- 
processing' assistants, such as secretaries and librarians.

The actual transformation of the designs into a physical product occurs in the  
manufacturing system in which the raw materials and intermediate inputs are stored, 
processed into final products and ultimately delivered to the customer. Within the 
manufacturing system important differences exist between handling, manufacturing, 
assembly, control, storage and distribution.

The design system and the manufacturing system, which are the kernel of an enterprise’s 
activities, could not operate effectively without some form of co-ordination, and so the 
control system forms the third subsystem of the enterprise. Within the control sphere, 
information must be gathered, processed, stored and transmitted.

9.2.3 A General Characterization of the Automation Process

Having recognized that there are three central subsystems in an enterprise, each with its 
particular sets of activities, it is possible to categorize three different types of automation 
(Kaplinsky, 1985):
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* Intra-activity automation, which refers to automation that occurs within a 
particular activity. The determining characteristics of this type of automation are that it 
is limited to a particular activity and, consequently, that it is isolated from activities 
within or beyond the particular subsystem

* Intra-subsystem automation, which refers to automation that links activities 
within the same subsystem. In its more complex form, intra-subsystem automation 
involves the monitoring of the production process with an ability to adjust the 
components of individual activities, if this becomes necessary.

* Inter-subsystems automation, which refers to automation that co-ordinates 
activities in different subsystems in the enterprise. In view of the number of activities 
within each of the different subsystems, there is a wide variety of potential inter- 
subsystem combinations.

9.3 The Role of Information Technology in the Automation Process

The purpose of this section is to analyze the role of information technology in the 
automation process in an enterprise. Firstly, we provide a general characterization of 
information technology in subsection 9.3.1; in subsection 9.3.2 we put special emphasis 
on what we believe to be its main characteristic, namely that information technology is an 
intellectual technology. Secondly, we describe in subsection 9.3.3 how applications of 
information technology are used in the evolution of automation of goods-producing 
enterprises in the engineering industry.

9.3.1 A General Characterization of Information Technology

On a general level, information technology might be defined as techniques for gathering, 
transmitting, treating, storing and presenting information. Information can be anything 
from measures and signals to figures, text, speech, music, pictures and symbols. 
Normally, we associate the term "information technology" with hardware (computers, 
micro-processors, etc) capable of processing and memorizing vast amounts of alpha- 
numerical information at extremely high speed based on the "digital" technique. The 
digital "revolution" and the hardware upon which it is based cannot be put to use without 
a substantial software back-up. Lack of software of sufficient quality, primarily skilled 
manpower, was probably what frustrated expectations with regard to the rate of 
introduction of the electronic computer during the 60's.

However, information technology is one of the central technology areas in the world and 
has been so especially since the early 1960's. For industry, this development has resulted 
in (i) management innovations, e.g. computer support in administration, (ii) process 
innovations, e.g. numerically controlled machinery, and (iii) product innovations, e.g. 
desk calculators with electronic "chips".

The four most often cited reasons for the historical significance of information technology 
are (i) the emergence of a pervasive 'binary' logic, (ii) the dramatic reduction in the
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costs/capability curve, especially in the field of micro-electronics, (iii) its flexibility, and 
(iv) its systemic character.

Binary systems operate on the basis of an either/or logic in which counting and logical 
systems can be broken down into a variety of stages, each of which can be answered by 
means of binary logic. Thus, a common way of processing ideas or information can be 
utilized in a wide range of activities, across the full range of subsystems within the 
enterprise, as well as with external enterprises and institutions. Because digital logic can 
easily be transmitted via the interrupted flow of electricity, there is a ready interconnection 
between different digital logical systems. It is this inter-connection between processing 
and transmitting information ('informatics’) that provides the key facilitating technology 
for intra- and inter-subsector automation discussed below.

There is no need to detail the extended decline in the costs/capability curve since the 
integrated circuit was introduced in 1959. The figures are well known and available in a 
variety of other sources (Soete and Dosi, 1983). However, the significance of this decline 
is paramount in explaining the pervasiveness, as well as the speed, with which 
applications of information technology are spreading in the manufacturing industry.

Machines that are applications of information technology bring a new flexibility to 
production because the same machine is able to perform, with the same degree of 
efficiency, either the same or different operations on homogeneous or heterogeneous 
products at any volume of production of any particular product in any given production 
run. Thus, the machines do not lose in efficiency in job-shop or batch production, to the 
same extent as conventionally directed machines do. Since the machines can often 
perform a variety of functions, rather than a single-purpose operation, they may 
contribute significantly to the increased utilization of the potential of an enterprise. These 
machines have the capability of utilizing various factor inputs to achieve various outputs 
with minimum delay for program reconfiguration. It follows that these machines have a 
minimum of controllable downtime.

Increasingly, the direction of technical change associated with information technology is 
acquiring a systemic character, by gradually merging disparate islands of automation. The 
organizing characteristic of this new era of automation is the control of information, the 
rapid processing and communication of which is vastly facilitated by using electronically 
controlled equipment. The significance of the systemic nature of these technological 
developments should not be underestimated, since it has important consequences for the 
pattern of innovation. In previous eras of automation, productivity gains were related to 
the introduction of discrete machines; in this new epoch, the major productivity gains are 
realized when individual sets of equipment in many different parts of the enterprise are 
linked. We may, for example, note that Scrimgeour (1981) claims that CAD/CAM 
technology will yield its greatest economic and productivity gains when all or most 
application areas are married or joined together to form an integrated system. Gold (1982, 
p.92) makes a comment that points in the same direction:

"Value added comes from linking machines with one another, with their materials flows, with production 
planning and control, with inventory management and maintenance, and with management's performance 
evaluation, financial control and planning systems."
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Looking at the role of information technology in the process of technical change at the 
enterprise level, Eliasson (1980, p.l8f) stresses the fact that a substantial part of 
production efficiency on the shop floor depends on how the production flows are 
organized.

”It is also well-known from the theory of production systems that single machine tools of superior 
performance have little or no effect on the optimum performance of the entire system if introduced 
inefficiently into a larger production system."

The preconditions for efficient integration into a system are (i) a wide-spread dispersion 
of electronics-based equipment throughout the enterprise and (ii) an ability to co-ordinate 
their operations. This latter requirement will be discussed in more detail in the next 
subsection.

9.3.2 Information Technology - An Intellectual Technology

In this subsection, we emphasize a further characteristic of information technology, 
namely, that it is an intellectual technology. By an intellectual technology we mean a 
technology which is critically dependent for its successful implementation on the skills of 
the employees in the organization adopting the technology.

On a general level, we may note that Mansfield (1973, p.202) reached the conclusion that 
a nation's educational system has a fundamental influence on the rate of application of 
new technology and he gives two reasons for this conclusion:

"First, and perhaps most obviously, it determines how many scientists and engineers graduate, and the 
level of competence of these scientists and engineers. Clearly, the rate of application of new technology 
depends upon the quantity and quality of scientific and engineering talent available in the society. Second, 
it influences the inventiveness and adaptability of the nation's work force. Whether or not modem 
technology can be used effectively depends on the skills and educational level of the work force."

However, let us now leave this general level and concentrate on the adoption of 
applications of information technology. The most central conclusion in the last subsection 
above states that the major productivity gains in the adoption of applications of 
information technology come from the linking, integrating and organizing of production 
activities. To achieve this requires an ability to co-ordinate production activities. In this 
connection, we may observe: (i) that the possibilities of improving the organization 
depend on both detailed and overall knowledge of the whole process at a central place in 
the organization, (ii) that increased automation in the production system with the help of 
applications of information technology in particular requires this type of central 
knowledge and competence, and (iii) that the increased dependence on theoretical 
knowledge and competence will increase the dependence on the educational levels of the 
employees, i.e. that the importance of human capital will increase.

A major advantage of information technology is its capacity to model complex production 
processes with precision. The intuitive "analogue" skills inherent in traditional production 
techniques and vested in a not easily accessible form in individual workers and engineers
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can now be theoretically represented in "production system models". This is an entirely 
new "intellectual" world for people in the various trades affected.

To summarize, we might say, that with the introduction of applications of information 
technology into production, it will become more theoretical. Thus, the adoption of those 
applications in an enterprise will depend, to a significant degree, on theoretical knowledge 
(Eliasson, 1980). More specifically, what is needed is software of sufficient quality and 
skilled manpower. Basic education and experience together with attitudes in a broad sense 
are also important parts of the software set-up.

However, education is by no means sufficient. To introduce the new techniques of digital 
representation, rather than man-based "analogue" skills, a tremendous amount of new and 
more profound production knowledge has to be made explicit and quantified. The 
software has to come first. It requires an upgrading of the theoretical and educational base 
of engineers and workers and of the population at large if the new technology is to be 
successfully introduced and accepted. Systems engineering, for example, will become an 
important educational input. Generally, however, we might say that the introduction of 
applications of information technology into decentralized functions within a controlled 
production system does require technically skilled people. Or to put it the other way 
around: the people competent to use the new technology are the main constraint on its rate 
of introduction and the main cost item in the computer budget of the user.

Evans (1982) has identified three broad types of competence or skills for which there will 
be an increasing demand as a result of the diffusion of applications of information 
technology: (i) engineering skills, primarily in the electronics fields, but also involving the 
understanding of the principles of control, (ii) logic, systems and software skills, and (iii) 
general data processing awareness, although not specialized. This means that accessibility 
to this type of skills will probably be critical for the adoption of those applications 
(Senker, 1984; Bessant and Dickson, 1982; Gold, 1982).

9.3.3 The Use of Information Technology to Automate the Manufacturing System in
Enterprises in the Engineering Industry

The purpose with this subsection is to present an overview of how applications of 
information technology are used to automate the manufacturing system in enterprises in 
the engineering industry. From the presentation in subsections 9.2.1 and 9.2.2 we can 
draw the conclusion that there is considerable interest in gaining more overall control of 
production systems by interlinking different areas of production (Brady and Liff, 1983). 
Enterprises are most likely to adopt a piecemeal approach to systems integration. We 
claim, however, that (programmable) automation proceeds in a number of qualitative 
steps. These can be traced empirically and, in a later section, we will use this assumption 
as a basis for our empirical analysis. The central feature that distinguishes different stages 
at a certain moment is that a "higher" stage demands "higher" skills among the employees 
than a lower stage.

Stage 1: Intra-activity automation. The use of information technology at this stage has
tended to be associated with the optimization of control and the storage of
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information. The example we give here is the introduction of numerically 
controlled (NC) machine tools into the manufacturing system.

Stage 2: Intra-subsystem automation. This step is characterized by the integration of
activities within the manufacturing system. NC-machines, industrial robots 
and automated material handling are used to create production systems with 
limited manning or, in other words, computer aided manufacturing (CAM).

Stage 3: Inter-subsystem automation. Here we make a distinction between two
qualitative steps:
3.1 CAD/CAM. Firstly, measures are taken to integrate the design and the 
manufacturing systems. The essential concept behind CAD/CAM is the use of 
common databases for several activities in different subsystems (Senker, 
1984). To give an example, a computer-aided design (CAD) system is coupled 
with computerized numerically controlled (CNC) machine tools via a 
computer-aided production planning system.
3.2 CAE. Secondly, computers are used to co-ordinate all basic data about 
components, products, manufacturing processes, tools, etc in a group 
technology information system (GT). GT-cells and flexible manufacturing 
systems (FMS) are created. We call this second step computer-aided 
engineering (CAE).

9.4 Formulation of Hypotheses

In this section, we develop the hypotheses that will be tested later in this chapter. The first 
hypothesis is extremely simple and is a direct result of Section 9.2 where we claimed that 
the main characteristic of information is that it is an intellectual technology. This means 
that the utilization of information technology applications in an enterprise requires the 
enterprise to have employees with the necessary skills at its disposal.

H 1: The capability of an enterprise to introduce applications of informatioti technology
for the automation of its production processes is positively dependent on the skill 
level of its employees.

It seems, however, possible to qualify this hypothesis. In Section 9.2 we emphasized that 
it is the ability to model production activities and production systems theoretically that 
matters. This suggests that the level of theoretical education is the central skill factor.

H 2: The capability of an enterprise to adopt applications of information technology for
the automation of its production processes is dependent on the number of 
university graduates it employs.

In section 9.3 we claimed that the adoption of information technology for process 
automation proceeds in a sequence of qualitative stages. The central feature distinguishing 
a higher stage from a lower stage is that the former demands a higher skill level than the 
latter. This gives us our third hypothesis.
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H 3: The importance of the skills of the employees increases with each successive stage 
in the automation hierarchy.

The applications of information technology diffuse over time. This is true for each stage 
in the process of automation. Stage one has a longer history than stage two, which has a 
longer history than stage three, etc. As the technique used at a certain stage grows older, it 
also becomes standardized (Vernon, 1966). With standardization it follows that the 
demand for labour force skills decreases. This means that we can expect that early 
adopters have a labour force with a higher skill level than late adopters (or non-adopters).

H 4: At each automation stage, early adopters will be characterized by a higher skill
level among its employees than late adopters.

We also consider the problem of managerial skills. These include planning, production 
and marketing, technical capability and industrial relations. The technical ability of the 
management staff to analyze the new equipment and systems available and to decide 
which is best for their enterprise's needs, and to develop suitable new products is critical 
for successful process and product changes.

H 5: New applications of information technology for process automation will be
adopted earlier in enterprises in which management staff have received education 
and training in information technology.

9.5 Empirical Results

In this section we present our empirical results. In subsection 9.5.1 we present our data 
base and in subsections 9.5.2-9.5.3 we present our statistical analyses.

9.5.1 The Data

The empirical analysis is based on data from manufacturing establishments in one 
Swedish region - the county of Värmland. The population is limited to all production units 
in the engineering industry with more than four employees. Altogether about 140 
production units are included in the analysis. Other relevant information about the survey 
was given in Chapter 5.

We identify 13 different applications of computerized systems and other micro-electronic 
equipment in the production processes. Those applications are then grouped into four 
categories corresponding to our theoretical categories as follows:

Stage 1. NC
- Numerical control (NC),
- Computerized numerical control (CNC).
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Stage 2 CAM
NC +
- Industrial robots (IR),
- Direct numerical control (DNC),
- Production with limited manning (PBB),
- Automated material handling (AMH).

Stage 3.1 CAD/CAM
CAM 4
- Computer-aided design (CAD),
- Computer-aided testing (CAT),
- Computer-aided production planning (CAPP).

Stage 3.2 CAE
CAD/CAM +
- Flexible manufacturing systems (FMS),
- Computerized inspection and reporting (CAIR),
- Group technology (GT),
- GT-cells.

In line with the method presented in Chapter 5, we have constructed the following 
introduction classes for our four stages of automation (j  -  1, 2, 3, 4):

Zj° = no experience,
Zj1 = short experience, and 
Zj2 = long experience.

For each application we have also developed an introduction index using the method 
presented in Chapter 5. In this case, as a compound introduction index or speed measure 
for each establishment k for our four groups, respectively, we use the index Yj k:

where n is the number of applications in the group. We have also normalized our index 
with the following operation:

(9.2) ¥ j k = (Y jk - mean value)/(standard deviation); j  -  1, 2, 3, 4.

9.5.2 Automation, Skills and Education

In the following subsection we begin examining the influence of skill variables on the 
introduction of automation techniques. First we consider two basic education variables: (i) 
the number of employees who are university engineers (E), and (ii) the number of 
employees who have graduated from non-technical university studies (U).

n

i = l
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In Table 9.1 we present a contingency table for the variables Zj  and U showing that for 
the automation of the production processes the speed of introduction seems to be strongly 
associated with the size of U (in particular the number of business economists employed).

Table 9,1: Non-technical University Education and the Automation of Production
Processes. (%).

NC CAM CAD/CAM CAE

U=01£U£4U>5 U=0 1<ZU<A U>5 U»01£U<4U>5 U=0i<u<tf U>5

z° 88 63 55 82 56 27 79 56 9 76 54 9
z 1 8 17 18 12 20 46 12 17 55 15 2 55
z 2 4 20 27 6 24 27 9 27 36 9 34 36
SUM 100 100 100 100 100 100 100 100 100 100 100 100

N 117 117 117 117

X2 12 18 24 26
df 4 4 4 4
SL 0.025 0.005 0.001 0.001

df = degrees of freedom, N = number of observations, SL » significance level

Table 9.2 shows that the number of university engineers employed also has a strong 
association with the speed of introduction index. It is, however, interesting to note that 
this association is not as strong as the association with the number of employees with a 
non-technical university education at any automation level.

Table 9.2: University Engineers and the Automation of Production Processes. (%).

NC CAM CAD/CAM CAE

E=0 1<E<4 E>5 E=0 l^E<A E>5 E*0 1<E£4 E>5 E=0 1^E<4 E>5

Z° 86 70 56 82 56 44 81 51 38 78 49 37
Z 1 7 18 13 9 28 25 9 26 31 12 26 19
Z2 7 12 31 9 16 31 10 23 31 10 25 44
SUM 100 100 100 100 100 100 100 100 100 100 100 100

N 117 117 117 117
X2 11 14 15 15
df 4 4 4 4
SL 0.05 0.01 0.005 0.005

d f= degrees of freedom, N = number of observations, SL = significance level
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In Section 9.4 we put forward the hypothesis that establishments where management staff 
have been trained in computers and data processing will adopt applications of information 
technology in their production processes earlier than establishments where management 
staff have not been trained. In Table 9.3 we present contingency tables for the variables 
Zj  and management training in computers and data processing. We can see that the speed 
of introduction is strongly associated with this kind of training among management staff.

Table 93: Management Training in Computers and Data Processing (MTCD) and the
Automation of Production Processes. (%).

NC CAM CAD/CAM CAË

MTCD MTCD MTCD MTCD
No Yes No Yes No Yes No Yes

Z° 80 56 74 40 71 36 68 36
Z1 12 20 15 36 16 32 17 28
Z2 8 24 11 24 13 32 15 36
SUM 100 100 100 100 100 100 100 100

N 117 117 117 117
X2 11 14 15 15
df 4 4 4 4
SL 0.05 0.01 0.005 0.005

df = degrees of freedom, N = number of observations, SL = significance level

We have also estimated a regression equation of the following form by means of OLS:

(9.3) x¥ j = £ n  c l j  + I n x i  + j  = l , 2 , 3,4,
I

where denotes the speed elasticity with respect to characteristic %i and € j  is a random 
error term, which is assumed to be normally distributed. This exercise provides some 
indication of the magnitude of the influence of skill variables on the speed of introduction.

The case with one independent variable - the number of employees with non-technical 
university education (U) - is reported in Table 9.4. We observe that the parameter is 
significant in all four cases and that the explanatory power of the U-variable increases as 
we move towards more advanced automation levels. In comparison, we present in Table
9.5 the corresponding regressions in the case when the U-variable has been replaced by 
the E-variable - the number of university engineers employed.
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Table 9.4: Automation and the Employment of Personnel with a Non-technical
University Education.

Characteristic NC CAM CAD/CAM CAE

Intercept 0.307
(3.1)

0.381
(3.9)

0.388
(4.1)

0.395
(4.2)

Total number of employees with a 
non-technical university education (U)

0.260
(4.9)

0.304
(6.0)

0.314
(6.3)

0.318
(6.4)

N (= Number of observations) 117 117 117 117
R2 (adj.) 16.7 23.0 24.8 25.4

The t-values are reported within brackets. Bold type indicates significance at the 5 % level.

Table 9.5: Automation and the Emplovment of Universitv Engineers.

Characteristic NC CAM CAD/CAM CAE

Intercept 0.195
(2-0)

0.257
(2.7)

0.273
(2.9)

0.276
(3.0)

Total number of university engineers 
employed (E)

0.188
(3.6)

0.232
(4.6)

0.260
(5.3)

0.260
(5.3)

N (= Number of observations) 117 117 117 117
R2 (adj.) 9.5 14.8 19.0 19.0

The t-values are reported within brackets. Bold type indicates significance at the 5 % level.

It is interesting to note that the number of employees with a non-technical university 
education seems to have a greater influence on the speed of introduction than the number 
of university engineers employed at all four stages of automation. Taken together with the 
results reported in Table 9.1, we here have indications of a type of force that can be 
characterized as a ”critical mass".

The importance of having a large number of employees with a non-technical university 
education as indicated in Table 9.4 might, however, just reflect a difference between the 
two groups: adopters and non-adopters. To test for this possibility, we run the estimation 
for the adopters separately. The results are reported in Table 9.6. They clearly show that 
the influence of the number of employees with a non-technical university education is 
significant in the adopting group too. This means that the importance of this variable is 
not just an effect of a difference between the two groups: adopters and non-adopters.
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tab le  9.6: Automation and the Employment of Personnel with a Non-technical
University Education in the Adopting Group Only.

Characteristic NC CAM CAD/CAM CAE

Intercept

Total number of employees with a 
non-technical university education (U)

1.73
(16.5)
0.146
(2.5)

1.25
(10.8)
0.227
(3.5)

1.17
(10.5)
0.260
(4.3)

1.23
(10.9)
0.275
(4.5)

N (= Number of observations) 
R2 (adj.)

117
14.3

117
19.8

117
25.8

117
26.6

The t-values are reported within brackets. Bold type indicates significance at the 5 % level.

One might here also ask what role skill intensity plays. In our case, skill intensity is 
reflected by the share of employees with a non-technical university education. The answer 
is given in Table 9.7. S denotes the total number of employees. It is noticeable that the 
share of employees with a non-technical university education has a significant negative 
influence on the speed of introduction in all four cases. It must, however, be observed 
that the correlation between U and U/S is as high as 0.87. Thus, we have difficulties with 
the significance of the individual parameter values but we may note that the explanatory 
power of the model as a whole is clearly improved.

Table 9.7: Automation. Skill Mass and Skill Intensitv.

Characteristic NC CAM CAD/CAM CAE

Intercept

Total number of employees with a 
non-technical university education (U)
Share of employees with a non
technical university education (U/S)

0.367
(3.8)

0.563
(5.5)

-0.303
(-3.4)

0.461
(5.1)

0.706
(7.5)

-0.403
(-4.9)

0.477
(5.6)

0.765
(8.5)

•0.451
(-5.8)

0.476
(5.5)

0.729
(8.0)

•0.411
(-5.2)

N (= Number of observations) 
R2 (adj.)

117
23.7

117
35.9

117
41.3

117
39.0

The t-values are reported within brackets. Bold type indicates significance at the 5 % level.
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In Table 9.8 we examine the same variables as in Table 9.7 plus a size variable (S = the 
total number of employees). We can see that the size parameter is non-significant in all 
four cases* It must, however, be observed that the U and S variables have a correlation as 
high as 0.65 so we must abstain from drawing any firm conclusions.

TaMe9,& Automation, Skill Mass, Skill Intensity and Establishment Size.

Characteristic NC CAM CAD/CAM CAE

Intercept 0.549
(1.04)

0.151
(0.3)

0.209
(0.5)

0.297
(0.6)

Total number of employees with a 
non-technical university education (U)

0.624
(3.1)

0.603
(3.3)

0.675
(3.8)

0.669
(3.7)

Share of employees with a non
technical university education (U/S)

-0.314
(-2.5)

-0.340
(-2.7)

-0.396
(-3.3)

-0.375
(-3.0)

Total number of employees (S) -0.046
(-0.4)

0.078
(0.7)

0.068
(0.6)

0.045
(0.4)

N (= Number of observations) 117 117 117 117
R2 (adj.) 23.1 35.6 41.0 38.6

The t-values are reported within brackets. Bold type indicates significance at the 5 % level.

9.5.3 Further Analysis

In Johansson and Karlsson (1986) it was shown for the machinery and equipment 
industry and in Chapter 6 of this study it was shown for the total engineering industry that 
other variables than skill variables seem to influence the speed of introduction of IT- 
applications into the production process. In Table 9.9 we report the results of regressions 
in which we also have tested a number of other explanatory variables.

Here we find that adding three more variables increases the total explanatory power by 
about 50 %. The share of investment in computerized manufacturing equipment of the 
total investments in machinery and equipment during the last five years is a significant 
explanatory variable on all four levels. The number of employees in scientific and 
technical work is significant only at the two most advanced levels. The number of 
employees in scientific and technical work can be seen as an indicator of local R&D- 
capacity. We may assume that the technique used at the two most advanced levels is still 
not standardized. According to the product life cycle theory, the adoption of a new 
technique requires local R&D-capacity as long as the technique has not been standardized. 
Hence, our results fit very neatly within the product life cycle framework. We may also 
note that the share of employees trained in computers and data processing for technical 
applications is a significant explanatory variable at the two highest automation levels. This
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indicates that the speed of introduction is influenced both by general education and 
technique-specific training.

Table 9.9; Explanations of the Speed of Automation.

Characteristic NC CAM CAD/CAM CAE

intercept 0.415
(3.9)

0.552
(6.0)

0.542
(6.4)

0.558
(6.6)

Total number of employees with a 
non-technical university education (Ü)

0.478
(3.6)

0.555
(4.9)

0.587
(5.6)

0.116
(3.3)

Share of employees with a non
technical university education (U/S)

-0.273
(-2.9)

-0.330
(-4.0)

-0.359
(-4.7)

-0.323
(-4.2)

Total number of employees in 
scientific and technical work (ST)

0.0209
(0.4)

0.0683
(1.6)

0.0915
(2.3)

0.0886
(2.2)

IT-investment share (H) 0.116
(3.0)

0.128
(3.8)

0.102
(3.3)

0.109
(3.6)

Share of employees with ÎT-educa- 
don and training for technical 
applications (TE/S)

0.0718
(16)

0.0642
(1.7)

0.0849
(2.4)

0.0906
(2.6)

N (= Number of observations) 106 106 106 106
R2 (adj.) 34.4 55.2 61.5 61.6

The t-valües die reported within brackets. Böld type indicates significance at the 5% level.
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10. CONCLUSIONS

In this concluding chapter we will give an overview of the work presented in the earlier 
chapters including the main results of this study. We will also give some indications of 
areas which ought to be dealt with in future research.

10.1 IheStateofthfiA rt

The purpose of the current study has been to

a) present a number of empirically testable theoretical hypotheses concerning (i) the 
adoption of innovations for product and process development within enterprises 
(establishments), (ii) the spatial diffusion of innovations and (iii) the adoption of 
applications of information technology to automate the production processes within 
enterprises (establishments),

b) test these hypotheses empirically by means of econometric methods, using a data 
base containing primary data from several regions in Sweden on the adoption of 
different applications of information technology at the level of the establishment.

In our attempts to derive meaningful theoretical hypotheses we started with the 
assumption that enterprises facing competitive conditions have three major strategic 
options: innovative competition, price or cost competition, or marketing competition. For 
a particular type of product the dominating type of competition will normally change over 
time from innovative competition via price or cost competition to marketing competition. 
The major instruments in the competitive struggle are assumed to be product and process 
development and sales or market promotion. Innovative competition tends mainly to be 
associated with product development, price or cost competition tends mainly to be 
associated with process development and marketing competition tends mainly to be 
associated with sales or market promotion. In both product and process development the 
adoption of innovations tends to have a central role. The current study focuses, in 
particular, on the adoption of innovations for product and process development.

Product and process development are inherently dynamic processes which are best 
understood within a dynamic framework. The product life cycle theory offers such a 
dynamic framework. Over the product life cycle, the competitive situation changes from a 
temporary monopoly via oligopoly to pure competition. The theory implies that products 
pass through stages where innovative competition dominates the earlier stages, while 
price competition becomes increasingly more important as the product matures. This also 
means that product development will tend to dominate the earlier stages whilst process 
development, possibly in combination with the relocation of production, will tend to 
dominate as the product matures. Early use of an innovation in product or process 
development by an enterprise will normally require the enterprise to be R&D-oriented, to 
employ highly skilled manpower, and to have well developed communication networks.

The successful adoption of an innovation by one enterprise will generate profit increases 
or cost reductions which attract or force other enterprises to try to adopt the same
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innovation. Hence, the innovation will diffuse among the set of potential adopters. The 
speed of this diffusion process for a given innovation will depend on the characteristics of 
the communication networks that the enterprises are connected to, on the distribution of 
important enterprise characteristics such as the employment of skilled manpower over the 
set of potential adopters, and on supply side characteristics.

Innovation diffusion also has spatial aspects. Which spatial pattern of diffusion - 
hierarchical, neighbourhood, or accidental - unfolds will partly depend upon the 
organisational (including spatial) characteristics of the enterprises, the spatial 
characteristics of existing communication networks, the spatial distribution of economic 
activities, the spatial distribution of factors of production, the characteristics of the 
innovation studied, etc.

However, an understanding of product life cycles and innovation diffusion processes is 
not enough to understand the adoption at the establishment level of innovations that are 
new to the establishment. We define an establishment as a production system consisting 
of a number of cooperating but partially separable subsystems with great differences in 
durability. Even if an establishment is well adapted to existing market conditions and 
available techniques at the moment of birth, market conditions change over time and new, 
superior techniques are made available by suppliers. This means that some subsystems 
will age much more rapidly in an economic and technical sense than in a physical sense.

Each subsystem within a production system ages according to a life cycle of its own but 
also according to the life cycle development of the total production system (i.e. of the 
establishment). If no measures are taken, the production system will become obsolete and 
will have to leave the market. However, it will often be possible to take measures to 
renew some or all the subsystems within an establishment. The renewal strategy to be 
chosen will (given the existing technological knowledge) depend upon the life cycle 
position of the establishment, its capacity to carry out renewal investments in different 
subsystems, its level of information about relevant external factors, and its competitive 
situation. Here we will only pay attention to two types of renewal investments - product 
and process development, respectively.

Decisions by enterprises to engage in product or process development may be analyzed by 
using the methods developed within the traditional theory of production. However, 
problems such as the process of structural change within industry, where enterprises or 
establishments differ in size, technique, or structure with regard to input coefficients and 
where establishments become obsolete when, for example, embodied technological 
change occurs, cannot be properly analyzed within the traditional neo-classical 
framework.

In such cases the vintage model offers an useful alternative. The innovation of the capital- 
vintage model of the Johansen-type is actually to recognize the fact that both capital 
intensity and technology are essentially fixed in the case of existing machinery but remain 
subject to choice for the new capital vintage. One of the advantages of this type of model 
is that it brings capital obsolescence, i.e. the erosion of quasi-rents through the 
competition of newer and more efficient machines, into the analysis. This model is clearly 
capable of handling certain interesting aspects of processes of change in the techniques in
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use. However, it is quite clear that there are several important aspects not covered by the 
traditional vintage model; aspects emanating, for example, from the product life cycle 
theory. It is, however, possible to a certain degree to integrate the vintage model with the 
product life cycle theory.

Within the dynamic framework provided by the product life cycle theory, it is possible to 
analyze how characteristics of enterprises and their environment influence their choice of 
technique, or, more precisely, their adoption of new techniques for product and process 
development. In particular, it is possible to focus on such characteristics which, it may be 
assumed, tend to bring about a fast introduction of new techniques, namely, (i) a 
knowledge-oriented staff-structure, and (ii) low-friction networks for the transmission of 
information and knowledge from the environment. The important implications of the 
product life cycle approach are, (i) that the focus of development activities changes as the 
product grows older, (ii) that the propensity to adopt new techniques for product and 
process development changes with the age of the product, and (iii) that decisions to adopt 
new techniques for product and process development are coupled with decisions 
concerning the location of production.

It seems reasonable to base an analysis on the idea that the existence of fixed or semi
fixed resources, i.e. resources with slow adjustment to changing conditions can be used 
as a basis for the characterization of both regions and enterprises. The characteristics of 
the existing labour force and of knowledge accessibility can be classified as fixed or semi
fixed resources at the regional level. Such overall regional attributes describe the 
economic environment of individual enterprises and indicate their ability to acquire the 
information and knowledge needed for product and process development and can thus be 
assumed to influence those activities. They also show what opportunities an enterprise 
has when it attempts to adjust the knowledge-orientation of its staff and increase the 
efficiency of its information networks.

Given the possibilities offered by the regional environment and by the market, it seems 
reasonable to assume that each single enterprise selects a strategy for its development. The 
strategies available include, on the one hand, investments in product and/or process 
development where the adoption of new techniques plays a central role and, on the other, 
investments to improve the skill profile of the labour force and/or to increase the 
efficiency of its information networks.

In a given region, enterprises belonging to the same industrial sector differ in terms of (i) 
production scale, (ii) information networks, (iii) skill-profile, and (iv) many other 
characteristics not specified here. Those differences will, on the one hand, reflect to a 
certain degree the product mix of the individual enterprise and the stage of each product 
and process in its life cycle, i.e. its vintage, and, on the other, its need for and its capacity 
for product and process development by means of the adoption of new techniques.

The product/process development strategy contains two strategic options for a single
product enterprise: (i) ”following the product cycle through” with gradually increased 
emphasis on price competition, i.e., concentrating on process development, which aims at 
reducing costs - possibly admitting a lower selling price, and (ii) avoiding an intensified 
price competition as the product matures, either by searching for a new product or by
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renewing the existing product, i.e., concentrating on product development aiming at 
augmenting the price of the product(s). However, in reality, the two strategies are 
interlinked in an optimal control problem. An important objective in both the above 
options is to establish temporary quasi-monopolistic knowledge-based advantages to 
capture those ”disequilibrium profits” which are the reward for enterprises who manage to 
adopt new techniques before others.

A basic factor influencing the adoption of new techniques in process development by an 
enterprise in a product segment in which price competition gradually becomes tougher is 
the relationship between the rate of reduction of the output price and the rate of reduction 
of the price of the new equipment. The analysis of the adoption of new techniques in 
process development can be widened by bringing in the skill profile of the employees. 
Skilled labour can be seen as bringing ex ante learning to the enterprise, which reduces 
the gap between the actual and the potential productivity at the early stages of a new 
production technique, i.e. a new vintage. Assuming that the intensity of unskilled labour 
that must accompany a given vintage is technologically fixed, the enterprise introducing a 
new process technique now has two decision variables, (i) the skill intensity, and (ii) the 
scrapping age. Depending on the exact assumptions, a vintage is scrapped when the 
quasi-rents fall to zero or some time before that date. If an enterprise is to continue the 
production of a given product, it will switch over to vintages with lower and lower skill 
intensity and with longer and longer economic life.

The analysis of the adoption of new techniques in product development is complicated by 
the rivalry between enterprises and such exercises lead to few useful conclusions. In the 
case of product development we may note as an empirical regularity that when a product 
of improved quality enters the market to compete with an old product, the result is a 
substitution process where the market share of the new product tends to grow logistically, 
also when relative prices remain constant or change slowly. This is a pattem that could be 
generated even if the new product is of inferior quality but associated with a gradual 
process improvement which allows its relative price to be steadily reduced.

When product and process development are interlinked, when the market structure 
deviates from perfect competition and when, in addition, each enterprise is an entity with 
fixed or semi-fixed resources where clear benefits arise from introducing new vintages 
(techniques) into existing establishments (renovation) instead of creating completely new 
establishments, vintage-renewal, i.e., the adoption of new techniques, occurs before 
quasi-rents have approached zero.

Finally, as regards information networks, we may note that an ability to acquire 
information about new techniques quickly can give rise to an "early users" premium" in 
the form of a monopoly profit both in the case of product and process development

Summarizing our theoretical considerations, we end up with the basic postulate that 
enterprises possessing certain characteristics at the time a new technique becomes 
available will introduce that technique most quickly. Of course, this postulate is not new 
but has been the basis of a number of studies by economists and other social scientists. A 
method employed in the literature, which has become the dominant approach among 
economists, is to present and empirically test a number of separate a priori hypotheses
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regarding the economic characteristics which the authors expect an early adopter of a new 
technique to possess. This exercise has usually been performed on an ad hoc basis. The 
characteristics considered in the economics literature can be organized in four groups: (i) 
the size of enterprises, (ii) the economic and financial characteristics of enterprises, (iii) 
the human capital characteristics of enterprises, and (iv) the internal and external 
communication networks of enterprises.

A rather limited number of empirical studies analyze the characteristics of those 
enterprises which are relatively quick to introduce new techniques. It is no easy task to 
evaluate the empirical results since not infrequently they are contradictory or non
significant but also because (i) the theoretical foundation is often weak or even non
existent, (ii) the data used often contain few observations, (iii) the samples are sometimes 
non-representative, and may, for example, include only large-sized enterprises, (iv) the 
studies have been confined to a limited number of industries, innovations, and countries, 
(v) questions can be raised concerning the statistical treatment of the data in at least some 
of the studies, and (vi) the variance explained in these studies ate often quite small.

In the current study, which is conducted at the level of the establishment, we use 
contingency table analysis for the testing of simple hypotheses, but also as a method of 
describing our data. However, our main statistical method is regression analysis. By 
means of regression analysis it is possible to investigate how the speed of introduction of 
new techniques depends on the composition of characteristics of the individual 
establishments. Unfortunately, we have had to deal with censored data since the 
innovations studied had not diffused to 100 % at the moment of investigation. To deal 
with this problem, we have used four different techniques: (i) the assignment of artificial 
adoption dates to non-adopters (the modified Nabseth-approach) before conducting the 
regression analysis, (ii) regression analysis limited to the group of adopters, (iii) the use 
of logit analysis, and (iv) the use of accelerated failure time models, i.e. of tobit analysis.

The data used in the empirical part of this study was mainly collected by means of a 
questionnaire sent to the managing director (or equivalent) of the establishments within 
the engineering industry (SNI 38) in some regions in Sweden. The exact coverage of the 
survey differs somewhat between the different regions.

The aim of the data collection was to identify (i) the time at which a number of different 
techniques based on information technology (IT) had been first adopted by the 
establishments, (ii) the pattern of diffusion of the different techniques with reference to 
time and space, and (iii) the possible independent variables which could be provided by 
the establishments at relatively low cost and without too much concern as to secrecy and 
which would permit the testing of some models and hypotheses concerning the 
determinants which either promote or hinder the diffusion of new techniques.

For each of the three main areas of technique applications there is data on (i) the year of 
adoption of different applications of information technology (IT), (ii) the size of the 
establishments, (iii) the network properties of the establishments (specialized and non
specialized information channels), (iv) the skill and knowledge profile of the 
establishments, and (v) investment efforts (share of total investments going to
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investments in IT-equipment) during a five year period or the value of IT-components as a 
share of total product value.

In the empirical part of our study we started by analyzing what establishment 
characteristics are associated with an early adoption of applications of information 
technology (IT) in administration, in production processes and in products by means of 
regression analysis. At the heart of the analysis here is our modified Nabseth-approach. 
In particular, the role of human skills and different types of information channels was 
analyzed. We showed that an early adoption of IT-applications for administrative 
purposes seemed, among other things, to be positively associated with (i) a large number 
of employees in commercial jobs, (ii) a large number of employees in other jobs, such as 
services, ware-housing and transportation, and (iii) a large export share. This means that 
establishments that are complete in the sense that they also contain commercial and service 
functions and have extended markets are early users of IT-applications in administration. 
We also showed that an early use of IT-applications in the production process is 
positively associated, among other things, with (i) a large number of employees, (ii) 
having fairs and exhibitions as an important information channel, and (iii) having the 
major owner(s) located in Sweden but outside the region. The number of university 
engineers employed also seemed to be an important explanatory variable, in particular, if 
we considered the characteristics of early adopters within the group of adopters only. 
Lastly, we showed that an early use of IT-components in products is positively 
associated, among other things, with (i) the valuation of suppliers of IT-components as an 
important information channel, (ii) having a large number of employees with some IT- 
training (1-14 days), and (iii) having a large number of employees with IT-training for 
management applications. As a general result we felt that our expectations concerning the 
role of human skills and information channels in an early adoption of IT-applications in 
administration, in production processes and in products were largely confirmed.

We then continued the empirical investigation by focusing on product development. By 
means of regression analysis we made comparisons of the influence of different 
establishment characteristics on product development in two industries - the machinery 
industry (SNI382) and the electrical equipment and instruments industries (SNI383 and 
SN I385) - in two different regions - one central region (the Stockholm region) and one 
peripheral region (the Värmland-Älvsborg-Bergslagen region). Once again, we used our 
modified Nabseth-approach as our main analytical device. However, here we also had the 
opportunity to test our results by means of the accelerated failure time model. As a matter 
of fact, the accelerated failure time model seemed largely to confirm the results we had 
established using the modified Nabseth-approach. In particular, we analyzed the role of 
market contacts, information about technical opportunities and the knowledge stock 
within the establishments in the early adoption of IT-components in products. The most 
important result of this part of the empirical analysis was that we were able to show that 
early users of IT-components in products in the central region have very different 
characteristics as compared to the early users in the peripheral region. This result holds 
for both the industries studied. For the machinery industry in the Stockholm region we 
showed that an early adoption of IT-components in products, among other things, is 
positively associated with having a large numbers of college engineers employed and 
negatively associated with having a large export share and having a large number of 
employees with commercial jobs. For the peripheral region we showed that early
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adoption, among other things, is positively associated with having a large number of 
employees in commercial jobs and having fairs and exhibitions as an important 
information channel and negatively associated with having a large number of employees 
without university or technical college education. Turning to the electrical equipment and 
instruments industries, we showed that the early adoption of IT-components for product 
development among establishments in the Stockholm region, among other things, is 
positively associated with employing a large number of college engineers and having 
other information sources (for example, universities) as an important information channel 
and negatively associated with having the head office located in Sweden but outside the 
region. For the same industries in the peripheral region we showed that early adoption, 
among other things, is positively associated with having journals as an important 
information channel and negatively associated with (i) a large share of employees in 
administrative jobs, (ii) the head office located in Sweden but outside the region, and (iii) 
a large share of the output sold within the region. In the main we think that the results are 
well in line with our theoretical considerations.

We have also studied empirically the spatial diffusion of applications of information 
technology in Sweden. Having categorized the different applications according to two 
dimensions - standardization/non-standardization and low/high complexity - we 
investigated, by means of logit analysis, the occurrence of hierarchical spatial diffusion 
patterns. The empirical analysis was based on survey data from 263 establishments in 
three industries within the engineering industry, located in three counties in Sweden. The 
analysis referred to 11 IT-applications in the production process, 9 IT-applications in 
administration and management, and, finally, the use of IT-components in products. 
Starting with IT-applications in the production process, the results indicated that IT- 
applications associated with standardized production do not show a hierarchical diffusion 
pattem while IT-applications associated with differentiated production do. As regards the 
dimension of complexity - high, medium, low - our results suggested that systems of IT- 
applications with high or medium complexity are characterized by a hierarchical diffusion 
pattem. As regards IT-components in products, a hierarchical diffusion pattern applied to 
'advanced' IT-applications, in terms of the relative value of the IT-content of the 
products. Generally, the use of IT-components in products is, however, more frequent at 
lower levels in the urban hierarchy. Lastly, in the case of IT-applications in administration 
and management, we have found a hierarchical diffusion pattem in 7 out of 9 cases. 
Generally, our results also indicated that large establishment size and affiliation to a multi
establishment enterprise increase the adoption probability. On the whole, we feel that the 
empirical results support our hypotheses derived from the product life cycle model.

Lastly, we defined various levels of automation within establishments and showed how 
different applications of information technology might be used to achieve different levels 
of automation. After having defined different indices of automation, we investigated the 
role of establishment characteristics and, in particular, human skills in the early adoption 
of automation techniques. We show (i) that human skills seem to be a central variable for 
an early adoption of new computer-based techniques for the automation of production 
processes, (ii) that university level education in particular, plays a central role, (iii) that 
non-technical university education seems to play a role which is, at least, not smaller than 
technical university education, (iv) that local R&D-capacity plays an important role in the 
introduction of the more advanced automation systems, and (v) that training in the use of
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Computers and data processing for technical applications is also important for the 
introduction of the more advanced automation systems.

10.2 Dir«tk?ng far Future Research

There are several problems, that have emerged in connection with the subject of this study 
which need to be dealt with in future research. The first group of problems concerns the 
theoretical basis for this kind of studies. Efforts have to be made to further our theoretical 
understanding beyond the current status. The attempts to integrate skill-profiles, R&D- 
intensity and information networks into the analysis which have been discussed in the 
current study, undoubtedly deserve to be developed in the future.

A second group of problems concerns the statistical methods used in this kind of study. 
We think our modified Nabseth-approach to be useful but we think that more efforts in 
the future ought to be devoted to the use of accelerated failure time models for this type of 
analysis.

A third group of problems concerns the kind of data used in this type of study. To further 
our understanding of innovation adoption and diffusion, we think that it is necessary to 
devote more efforts to conducting longitudinal studies. In our study, as in most other 
studies, one only knows the establishment characteristics at the time of investigation and 
the date of adoption. Of course, this is not quite satisfactory since many (all?) 
establishment characteristics might be influenced by the innovation(s) adopted.

A fourth group of problems refers to the effects of the adoption and diffusion of 
applications of information technology on productivity, employment (quantitatively and 
qualitatively), profitability, market structures, etc. We believe that more efforts should be 
devoted to investigations of such effects, since such information is needed as a guidance 
for public policy as regards the adoption and diffusion of applications of information 
technology.
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