Entrepreneurship in
Technological Systems
—The Development of

Mobile Telephony in Sweden

Bengt G Molleryd
Akademisk Avhandling

Som for avldggande av
filosofie doktorsexamen
vid Handelshdgskolan i Stockholm
framldgges for offentlig granskning
Tisdagen den 19 oktober 1999 kl.10.15
i sal Ragnar Handelshogskolan,
Sveavagen 65,






Entrepreneurship in
Technological Systems

— The Development of
Mobile Telephony in Sweden



8 STOCKHOLM SCHOOL OF ECONOMICS
“** EFI, THE ECONOMIC RESEARCH INSTITUTE

EF]I Mission

EFI, the Economic Research Institute at the Stockholm School of Economics, is a scientific
institution which works independently of economic, political and sectional interests. It
conducts theoretical and empirical research in management and economic sciences,
including selected related disciplines. The Institute encourages and assists in the publication
and distribution of its research findings and is also involved in the doctoral education at the
Stockholm School of Economics.

EFI selects its projects based on the need for theoretical or practical development of a
research domain, on methodological interests, and on the generality of a problem.

Research Organization
The research activities are organized in nineteen Research Centers within eight Research
Areas. Center Directors are professors at the Stockholm School of Economics.

ORGANIZATION AND MANAGEMENT

Management and Organisation; (A) Prof Sven-Erik Sjostrand
Center for Ethics and Economics; (CEE) Adj Prof Hans de Geer
Public Management; (F) Prof Nils Brunsson
Information Management; (1) Prof Mats Lundeberg
Man and Organisation; (PMO) Acting Prof jJan Lowstedt
Industrial Production; (T) Prof Christer Karlsson
MARKETING
Center for Information and Communication

Research; (CICQ) Adj Prof Bertil Thorngren
Center for Consumer Marketing; (CCM) Associate Prof Magnus Soderlund
Marketing, Distribution and Industrial

Dynamics; (D) Prof Lars-Gunnar Mattsson
ECONOMIC PSYCHOLOGY
Center for Risk Research; (CFR) Prof Lennart Sjéberg
Economic Psychology; (P) Prof Lennart Sjoberg
ACCOUNTING, CONTROL AND CORPORATE FINANCE
Accounting and Managerial Finance; (B) Prof Lars Ostman
Managerial Economics; (C) Prof Peter Jennergren
FINANCE
Finance; (FI) Prof Clas Bergstrom
ECONOMICS
Center for Health Economics; (CHE) Prof Bengt Jonsson
International Economics and Geography; (IEG) Prof Mats Lundahl
Economics; (S) Prof Lars Bergman
ECONOMICS STATISTICS
Economic Statistics; (ES) Prof Anders Westlund
LAW
Law; (RV) Prof Erik Nerep

Chairman of the Board: Prof Sven-Erik Sjdstrand. Director: Associate Prof Bo Sellstedt,

ADRESS
EFI, Box 6501, S-113 83 Stockholm, Sweden e Internet: www.hhs.se/efi/
Telephone: +46(0)8-736 9o 0o e Fax: +46(0)8-31 62 70 e E-mail efi@hhs.se



Entrepreneurship in Technological Systems
— The Development of

Mobile Telephony in Sweden

Bengt G Mdlleryd

STOCKHOLM SCHOOL OF ECONOMICS
“¥ EFI, THE ECONOMIC RESEARCH INSTITUTE



Dissertation for the degree of Doctor of Philosophy (PhD)
in Business Administration (filosofie doktor)

Stockholm School of Economics 1999

© EFl and the author

ISBN 91 — 7258-523-4

Keywords: Entrepreneurship
Innovation
Mobile telephony
Mobility
Technological system

Users

English styling: George Cook
Graphic design: Graffoto AB
Cover: Graffoto AB

Distributed by:

EFI, Ekonomiska Forskningsinstitutet
Stockholm School of Economics
Box 6501, 113 83 Stockholm

Tel +46 (0)8 736 90 00

www.hhs.se

Elanders, Gotab, Stockholm 1999



Acknowledgement

This book is the outcome of a process that started back in 1990 when I
began working at the Center for Marketing, Distribution and Industry
Dynamics, at the Economic Research Institute (EFI), at the Stockholm
School of Economics. It was Associate Professor Staffan Hultén who made
it possible for me to join the depariment and who guided me into the world
of research. We collaborated extensively in laying the foundation for this
study and Staffan has maintained an active interest throughout in my
research for which I am deeply appreciative.

Professor Lars-Gunnar Mattsson has consistently supported me in my
research endeavour in the area of mobile telephony and entrepreneurship. I
would thank him for his invaluable help to me in finalising this study. Lars-
Gunnar Mattsson and Staffan Hultén were joined on my supervisory
committee by Professor Bengt Stymne to whom I am grateful for his
valuable suggestions for the completion of this book.

Anders Lundgren has been instrumental in providing resources for my
research in his role as project leader for the group pursuing telecom-related
research at the department, which later became the Center for Information
and Communication Research (CIC). I would like to thank him for that and
for so closely involving me in the International Telecommunication Society’s
Conference in Stockholm in 1998. Professor Bertil Thorngren laid the
foundation for the telecommunication project in his management role at
Swedish Telecom/Telia and consistently promoted our research group, and
has over the years been an important inspiration to my research.

The financial support for this study, which is gratefully appreciated, has
been kindly provided by KFB, Kommunikationsforskningsberedningen,
(Swedish Transport and Communications Research Board), Swedish
Telecom/Telia and Ruben Rausings Fond

During my time at the department I have had the pleasure of sharing an
office with Dimitrios lIoannidis, facilitating lively discussion with an
international flavour and an interchange of ideas stemming, in part, from
our readings of the FT. My interest in issues on distribution is the result of a
fruitful collaboration with Per Andersson.

This study has benefited immensely from numerous seminars and
discussions and I would like to express my appreciation to my research
colleagues: Gunnar Alexandersson, Monica Alfredsson, Karolina Brodin,
Ann-Charlotte Edgren, Ulf Essler, Magnus Hagberg, Karl-Olof
Hammarkvist, P-G Holml6v, C-F Helgesson, Susanne Hertz, Michael

Acknowledgement ‘ 5



Kaplan, Stewart Kowalski, Karl Oskar Killsner, Hans Kjellberg, Anders
Liljenberg, Mia Liss, Lena Nordenléw, Anna Nyberg, Jaana Simili, Ivan
Snehota, Kristoffer Strandqvist, Susanne Sweet, Magnus Séderlund, and
Mats Vilgon. A special thought goes to our late colleague Torbjérn Flink.

Colleagues abroad have also contributed to the thesis. I am happy to
count Professor Jiirgen Miiller as my friend and he opened possibilities to
collaborate with fellow researchers in Central and Eastern Europe. Professor
Karl-Ernst Schenk arranged a stay at the University of Hamburg in 1996
that were conducive in my explorations into standardisation problems.

This study would not have been possible to accomplish if the many
persons contacted in the mobile telephone industry had not given so
generously of their time to talk to me and support my research. It has been
a privilege to meet with the “founding fathers” of Swedish mobile telephony
— Ake Lundqvist, Torbjérn Johnson, Carl-Gésta Asdal, Osten Mikitalo, only
to mention a few.

A Telia financed research project on the role of the users provided unique
opportunities to look into the role of users in shaping mobile telephone
technology — a thanks to Jonas Stordkers. Telefonaktiebolaget LM Ericsson
and Telia Mobile kindly sponsored the printing and graphic design of this
book.

Assistant Professor Ivo Zander acted as opponent in an internal seminar
and I am grateful to him for contributing constructive suggestions enabling
me to improve the final text.

I would like to express my gratitude to George Cook who transformed my
text into readable English, and to Graffoto for the graphic design.

My thoughts go to my parents who unfortunately are not able to read
these lines which they would have done with happiness. I would like to
thank my sisters Gerd, Britt and Gun and my brother Alf for being so
encouraging. My two daughters Astrid and Majken have seen this book
emerge but it would never have been completed without the constant
support from my Lotte.

Stockholm September 1999
Bengt G Molleryd

6 ' Acknowledgement



CONTENTS

1, Introduction .....................oL 12
1.1 Sweden in the forefront............. 12
1.2 Forces behind the development .. .14
1.3 The impact of entrepreneurship .. .15
1.4 Network technology

- technological system ............ 16
1.5 Course of events divided

into three phases................... 16
1.6 Research question ................. 17
1.7 Positioning and contribution ...... 19
1.8 Research within

entrepreneurship .............. ... 20
1.9 The scope of the study ........... 20
1.10 Disposition ............. ... 21

2. About mobile communications ......... 22
21 Terms used ... 22

2.2 Several systems

1.3 The significance of

mobile telephony ................. 24
1.4 Projections ......................... 25
1.5 Standards ... 25
1.6 The basis of mobile
telecommunication .......... ... ... 26
1.7 Legal requirements ................ 26
3. Methodological framework ................ 28
3.1 The case study methodology ..... 28
3.2 Outcome of case studies ......... 30
3.3 The rationale
for using case studies ............. 31
3.4 Sources and interviews ........... 32

3.5 The research process

4. Theoretical framework ................. 36
4.1 Introduction ... .. 36
4.2 Technological system ............. 37

The system concept ............... 38
Development block ........... ... 38
Two notions of

technological system ........ ... .. 39

Interaction and

network approaches ............... 41

The significance of users ......... 42

User-producer approach ........... 43

To sum up on systems............. 44
4.3 Innovations ... 44

What is innovation ................ 44

Four categories of innovations .. .45

Science and innovations .......... 48
4.4 National System of Innovation .. .48

National differences ............... 51

Effect of localisation ............ ... 51

Co-evolution ....................... 53

Summing up on innovations ...... 54
4.5 Entrepreneurship theory

and research ...................... 55

Different approaches

to entrepreneurship ............... 56

Schumpeter’s theory

of entrepreneurship ............... 57

Austrian theory

of entrepreneurship ............... 59

The distinction between

entrepreneurship and

entrepreneurs ... 60

Individual entrepreneur ........... 62

Entrepreneurial teams

— collective entrepreneurship ... .. 62
4.6 Three sources

of entrepreneurship ............. 63

The individual as entrepreneur ...64
The company as entrepreneur ....64
The network as entrepreneur
To sum up on entrepreneurship ..67

Formulation of
an analytical tool

A definition of entrepreneurship ..69
4.7 Three sources

of entrepreneurship identified ....71
Theoretical constructs ............. 71
Contents

7



Entrepreneurial spiral ............. 72 Effects of underestimation ........ 95

Next step ..., 72 Expansion of NMT
internationally ..................... 96
5- The local phase 1950-70 .............. 73 Competitors in the network
5.1 The introduction of the first operators’ market ................. 97
car phone system ................. 73 Kinnevik becomes a mobile
5.2 Network operator ................. 73 telephone network operator ..... 100
Modest investment ................ 74 Comvik launches its network ....102
Development of Gradual expansion ............... 104
a second system .................. 75 6.3 System suppliers ................. 106
Private operators .................. 77 Co-operation between the industry
5.3 System suppliers .................. 78 and the NMT-Group .............. 106
Technique of Ericsson adopts
the different systems ............. 78 mobile telephony ................ 107
5.4 Mobile telephone suppliers ....... 79 Ericsson’s long history
5.5 Distributors ... ... 79 in radio communication .......... 108
B Expansion through
5.6 End-users ... 80 acquisitions AGA ~ Sonab ... ... 108
5.7 Entrepreneurship in .
the local phase .................... 82 System supplier ................. 109
The sale of systems .............. 110

The individual as entrepreneur ...82

The company as entrepreneur ... .. 83 Magnetic — manufacturers

of MTD transmitters .............. 111
The net\{v?rk a entrepreneur """ & Radiosystem increased its value by
5.8 §ummar|5|ng entrepreneurship SKr 465 million in ten years ... 112
in the l.ocal phase ................. 83 Allgon - from car aerials to
In relation to mobile telephony ................. 114
h ical system .......... .
the technological system 83 6.4 Mobile telephones ................ 116
6. The National/Nordic phase 1967—95 ...85 A historic settlement — the opening
6.1 General overview ... 85 of a mobile telephone market ...116
Technophone ................... .. 118
6.2 Network operator ................. 85 AGA and Sonab 8
The Land Mobile Soectronic
Radio Survey 1967 .. ............ 8 pectronic
y 1957 > — sub-contractor at first .......... 118

Development of
The market for

a Nordic system ... ........... 87 .
mobile telephones ... ........ 120
Development of o
a manual system ... .. 88 6.5 Distribution ................ ...... 121
The opening of 1971- 81 specialist retailers ...... 122
a manual system - MTD ..... .. .88 1980s — automotive dealers,
NMT development from 1972 ... .89 office shops ........... .......... 122
Doubtful suppliers ................. 91 Geab — from car showroom
. . to retail chain ........ ... ... .. 123
Makitalo involved ........... .. .. 91
6.6 End-users .............. ... 124

NMT - 10-15 people working in

Stockholm ...... .. ... 92 6.7 Entrepreneurship in the

. national/Nordic phase . .......... 125
End-users own the equipment ....93

Difference US — Sweden cellular ... .93 The individual as entrepreneur ..125

Nordic Mobile Telephone The company as entrepreneur ...126

=NMT 94 The network as entrepreneur ....126

8 | Contents



The three sources of

entrepreneurship ................. 127
Entrepreneurship placed in
the technological system ........ 127
7. International phase 1992-98 .......... 129
7.1 Regulators/politicians
[standardiser ..................... 129
GSM development ............... 129
Firststep ... 129
7.2 Network operators ............... 133
Telia — mobile telephony
a growing activity ................ 134
Comvig
- confident of victory ............ 136
NordicTel
— less and less Swedish .......... 140
NordicTel’s operating licence ..... 140
Ownership changes .............. 142
Vodafone application ............ 143
Air Touch becomes
a majority owner ................. 143
Opening of
Europolitan network ............. 144
7.3 System supplier .................. 146
Ericsson — mobile telephony
more and more important ....... 146
New suppliers .................... 148
Sendit ...l 148
Radio Design ..................... 149
Noalto .................. ... 150
Time Space Radio ................ 150
Cetronic — InfoCast AB ........... 151
Moteco AB ........................ 151
CarantAB ......... ... 151
7.4 Mobile telephone suppliers ...... 152
Ericsson ... 152
Possio System Innovation ....... 153
7.5 Distribution ... 153
19905 it 153
Geab is expanding ............... 156
Unisource purchase Geab
and then sell it ................... 156
Talkline — aiming for
business customers .............. 157
APE Telecom ...................... 158
7.6 End-users ......................... 158

Mobility ................. ..., 160
Purchasing ........................ 162

7.7 Entrepreneurship in the
international phase .............. 162

The individual as entrepreneur ..163
The company as entrepreneur ...163
The network as entrepreneur ....164
Entrepreneurship placed in the
technological system ............. 164
8. Conclusions and an
entrepreneurial spiral ................. 166
8.1 Concluding ........................ 166

8.2 Interpretation of three sources
of entrepreneurship .............. 166

The characteristics of
entrepreneurship
in the three phases .............. 168

Comparison of the
entrepreneurship

in the three phases .............. 169
The innovation types ............ 170
Taken together ................... 170

8.3 How end-users changed
the perception
of mobile telephones ............ 171

The entrepreneurship
in relation to
the technological system ........ 172

8.4 The co-evolution
of the development .............. 173

8.5 Mobile telephony as
National System of Innovation ...174

8.6 The cumulative character and the
connection of entrepreneurship

- the entrepreneurial spiral ...... 175

8.7 Future research ................... 179
Appendix ... 181
Personal Interviews ................... 181
Bibliography .........................l. 183
Official documents..................... 183

Communications to the
Government, Correspondence ...183

Internal material

Swedish Telecom ................. 186

Abbreviations ...................... 187
References ................. ... 187
EFl — The Economic Research Institute
Reports since 1995 .............. ... 194

Contents ‘ 9



10

TABLES

Table 1 The annual growth of the installed base of mobile telephone subscribers

1969-98 N SWeEN . ... ... 13
Table 2 Different systems introduced during the development of mobile telephony ... .. 23
Table 3 The diffusion of mobile telephony in Sweden 1956-98 indicated by the

number of mobile telephone subscribers per 100 inhabitants....................... ... ... 23
Table 4 Annual turnover for the network and mobile telephone market, and

system suppliers in Sweden 198198 in million SKr............... ... 24
Table 5 Entrepreneurial matrix. ... ... 70
Table 6 Investment in MTA in SKr at 1998 year’s prices (137 mobile telephones) ...... .. 75
Table 7 Swedish Telecom’s annual turnover for the mobile telephone service,

and revenue per subscriber 1956-71 in SKr at 1998 year’s prices. .......................... 77
Table 8 Connection and annual charge 1956 and 1967 in SKr at 1998 year’s prices........ 80
Table 9 Details about MTA and MTB ... ... ... ... .. 82
Table 10 Entrepreneurship in the local phase....................... 83
Table 11 Swedish Telecom’s share of the network market 1979-83 ....................... 103
Table 12 Magnetic AB economic development 1974-83..................................... 112
Table 13 Radiosystem’s economic development 1978-88 ..................... ... .. ........ 113
Table 14 Allgon’s economic development 1984-98 ........................ ... 115
Table 15 Spectronic’s economic development 1985-98....................... ... ... 119
Table 16 Mobile telephone suppliers............. . 120
Table 17 Mobile telephone retailers ........ ... ... ... 121
Table 18 Mobile subscribers: Lines of business.................... ... ................... 124
Table 19 Entrepreneurship in the national/Nordic phase .................................. 127
Table 20 Swedish Telecom Radio/Telia Mobile annual growth in number of

mobile telephone subscribers 1978-98. ... ... . ... 134
Table 21 Swedish Telecom Radio/Telia Mobile economic development 1977-98........... 134

Table 22 Comvig’s total number of subscribers and annual growth

N Per cent 1982-98 .. ... .o 137
Table 23 The number of pre paid card for mobile telephony sold 1997-98............... 138
Table 24 Comvig's financial development 1982-98 in million SKr.......................... 139
Table 25 Europolitan’s number of subscribers and annual growth 1993-98 .............. 145
Table 26 Europolitan economical performance 1992-98 . .........................cooiii. 146

Table 27 Proportion in per cent of public telecommunication and radio

communication in Ericsson’s annual turnover 1969-98 ............... ... 147

Table 28 Weight and speech time for handportable mobile telephones 1987-98 ....... 152

Table 29 Number of mobile telephones sold in Sweden 1981-98................... ... ... 154

Table 30 Price development in SKr for mobile telephones 1957-98

at 1998 YeAr'S PriCeS . ... . .. .. 159
Contents



Table 31 The cost for connection fee, annual fee, call charges for one year

and the cost for a mobile telephone 1956-98 at 1998 year’s prices....................... 162
Table 32 Entrepreneurship in the international phase...................................... 164
FIGURES

Figure 1 Participants in the technological system............... ... ... ... ... ... 68
Figure 2 The technological system in the local phase..................................... ... 84
Figure 3 Private operators from Wikander to Comvik .......................... ... ... 100
Figure 4 The technological system in the national/Nordic phase ......................... 128
Figure 5 The technological system in the international phase ............................. 165
Figure 6 Entrepreneurial spiral.......... .. ... .. ... 178

Contents

11



12

1. Introduction

1.1 Sweden in the forefront

If one were asked to pick out one of the more significant innovations of the
last decade, Internet and mobile telephony would certainly be among the
main candidates. They are both pervasive technologies with wide social and
economic implications. This study focuses on the latter, mobile telephony
with all its sub-systems, which is regarded as a technological system. This
choice presents an opportunity for addressing central issues concerning
economic and industrial development and for exploring the forces behind
the development of technological systems.

When examining economic development, it is relevant to introduce the
concept of entrepreneurship. Entrepreneurship has positive connotations.
The actions performed by entrepreneurs contribute towards the spawning of
new firms and the prosperity of existing organisations. One way to apprehend
the dynamic effect of entrepreneurship is to capture its presence in growth
industries, for example information technology or telecommunications.
Europe definitely lags behind the US in information technology. The picture
is quite different, however, when it comes to telecommunications, both as
regards the industry as a whole and mobile telecommunications in particular,
largely due to the leading position held by the Nordic countries.

Mobile communications constitutes a truly dynamic market, as it is
currently in a state of perpetual growth. The annual growth in mobile
telephone subscribers has been impressive as table 1 exhibits. Industry
experts anticipate that the total number of mobile subscribers will surpass
the installed base of fixed telephones in the world, currently about 700
million, within in a year or two and that a figure of one billion mobile users
will be reached by the year 2004.
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Table 1/ The annual growth of the installed base of mobile
Year An?nu:Lfcr:;:th telephone subscribers 1969-98 in Sweden
Source: Swedish Telecom, Industriforvaltnings AB Kinnevik, Europolitan

1969 - 46
1970 59
s # These projections make compelling reading. Prior to
1972 123 the mid to late 198o0s, there were few, if any, who
e 4 thought that mobile telephony would become a
1974 >9 universal phenomenon. The telecommunication
o oo industry itself was incapable of foreseeing the
1976 32 potential demand from people to have mobile

G 26 telephones in their cars or in their pockets, whichever,
1978 _ i facilitating ubiquitous communication. However, as
RN Bowler (1997) underscores, it is common for the
1950 ?6 direction of the development to be misjudged. People
w8 te and firms are not particularly good at recognising
1982 23 potential which is why it is not surprising that most
1953 4 inventions never turn out to be of any significance.
1984 45 Nevertheless, some phenomenon or products take off
1985 49 and become establish contrary to expectations, and
1986 39 the extraordinary development in mobile
1982 3 communications is a case in point.
1988 4 One could claim that mobile telephony is one of
1989 A the most important innovations to hit Sweden since
1999 37 World War II. It has emerged as a substantial market of
19 - immense importance for the Swedish economy.
1992 1 Sweden ranks with Finland in having among the
WIS highest penetration rates of mobile telephone
1994 6(_5 subscribers in the world and where a few firms hold
4995 A leading positions in different markets for mobile

[ zzj » ;: communicatif)ns. . .

L1998 o For the Ericsson Group, for instance, mobile

communication represents the largest business area.
Ericsson holds a dominant position in the market for mobile systems, with a
world market share of over 40 per cent, and captured 14 per cent of the
global market for mobile telephones during 1998.

Mobile communication is likewise a growing business for Telia, nationally
as well as internationally, and the operator has interests in 18 mobile
telephone network operators around the world. The mobile communications
operation has been quite profitable for many years.

Mobile telephony also represents a profitable activity for the network

Introduction J 13



14

operators, Europolitan and Netcom with Comvig, and provides them with a
stable cash flow and strong earnings. This is reflected in the strong development
in their share prices on the Stockholm Stock Exchange. Numbers of other
firms active in supplying different components to the mobile industry have
also succeeded in capturing positions on this dynamic market. Among them
are Noalto, which supplies details for mobile telephones to Ericsson; and
Allgon, which supplies equipment for radio base stations and antennas for
mobile telephones. Sales of mobile telephones also represent a substantial
business for the retail sector in consumer electronics. Moreover, a growing
number of information technology firms, such as Cetronic and Sendit, are
developing and marketing a broad variety of software applications for mobile
communications, e.g. integration of mobile communication and the Internet.

Given that mobile telephony has become of such importance for the
Swedish economy, it is relevant to inquire into how this has been accomplished.
What forces have been involved and who facilitated this development?

1.2 Forces behind the development

This study analyses the role and characteristics of entrepreneurship behind
the development of the mobile telephone industry in Sweden since the 1950s.
It is an account of how an area within the telecommunications industry
undergoes a fundamental transition from being primarily the preserve of
engineers, working with technical issues with a long-term perspective, to
becoming a market characterised by fierce competition, a technology race,
successive innovations, dynamic market effects and internationalisation.

This process of change is commonly largely attributed to deregulation. To
a limited extent its course has been directed by a strategy formed by politicians
and policy makers. However, the explanation is not just that simple, as this
study will show. The study interprets the process as resulting instead from
entrepreneurship, both on the part of established participants as well as by
new entrants having the capability of capitalising on an emerging market.

I would like to underpin three factors which influence the development
and the outline of this study:

1) Mobile telephony ~ which is often seen as a recent phenomenon,
launched sometime in the 1980s — has a considerably longer history,
however, as this study will show. The development of the first mobile
telephone system was initiated as early as 1950, which means that the
advancement of a Swedish mobile telephone industry extends over half a
century. The introduction of mobile radio goes back even further, as the
Chicago police used mobile radios in the 19205 to improve their chances of
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catching criminals like Al Capone, while the Swedish police force was equipped
with mobile radio in the early 1940s.

2) Mobile telecommunications could be regarded as a network technology
or an infrastructural system like, for example, the railway networks, the
fixed telephone network, and grid being thereby dependent upon several
interrelated products. It is therefore relevant to approach mobile telephony
as a system since it not only involves a single firm but consists of a number
of firms or organisations and technologies that are interconnected and inter-
dependent. By regarding it as a network technology, it implies the existence
of network externalities, influencing the price and cost structure for the
industry (Shapiro and Varian 1999). A well-functioning technological
system such as mobile telephony rests on strongly positive and reciprocal
external economies, which tie together users, suppliers, and competitors
(Carlsson and Jakobsson 1997, p 270).

3) Mobile telephony — which is not confined to artefacts, such as tele-
phones, terminals, radio base stations, switches, system components,
because the service or function that mobile telephony accommodates is
equally essential. The feature that mobile communications provides could
be labelled mobility, which is characterised by connectivity and the feasibility
to communicate irrespective of location. This is the essence of mobile tele-
phony and something that captures a basic need among individuals and a
fundamental social quality. To communicate while mobile was an option
previously open to only a limited number of professionals; today, it is available
to anyone wanting to exercise it.

In spite of the significance of the mobile service, focus has hitherto
primarily been on the mobile telephones as such. This is largely because the
distribution has been formed around the sales of mobile telephones rather
than round the marketing of the mobile service. It is therefore relevant to
include distributors as well as users in order to embrace the scope of the
mobile telephone industry.

1.3 The impact of entrepreneurship

As entrepreneurship is a pivotal concept for this study I would like to clarify
how it is used here. First there is the concept of entrepreneurship which is
the overall function for creating economic development (Schumpeter 1955).
Then there is the entrepreneur, the economic agent who accomplishes
entrepreneurship. It is a temporal capacity because it is required that an
entrepreneur carries out an entrepreneurial activity. This is further
elaborated in the theoretical framework.
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Entrepreneurship is predominately used in reference to small firms and
to their founders and leaders, implying that entrepreneurship is an activity
only performed by individuals. However, [ propose, with the support of the
literature survey that I present in the theoretical framework, that entrepreneur-
ship could be defined as a function that could be carried out by a broader
variety of agents. This enables me to characterise entrepreneurship in three
different ways, originating from three sources: 1) the individual as entrepreneur,
2) the company as entrepreneur and 3) the network as entrepreneur. By
using these three sources of entrepreneurship in an analytical framework I
accomplish an analysis as to how the entrepreneurship could be attributed
in the development of mobile telephony in Sweden. Moreover, I am interested
not only in who has carried out the entrepreneurship, but also in which
entrepreneurial activities or innovations have been accomplished.

Since I describe a development that extends over 50 years, it enables me to
analyse how entrepreneurship has developed over time, to search for patterns
in when the three sources of entrepreneurship occur and in the types of the
entrepreneurial activities performed at different stages in the development.

1.4 Network technology — technological system

Mobile telephony, as I stated previously, is an example of a network techno-
logy, which makes it relevant to characterise mobile telephony as a techno-
logical system. By applying Hughes’ (1987) notion of technology systems I
involve in the analysis not only the physical mobile telephone network, but
also firms, organisations, as well as users. This facilitates an analysis of
connections and interdependencies between the different participants and
sub-systems. The close connections between different sub-systems mean
that innovations are generated in several steps in a sort of a chain reaction.
Although complete new types of mobile telephones {portable, handportable,
dual mode) are innovations as such they could also initiate subsequent
sequences of innovations like for example: new performance of network
operators’ activity, new distribution channels and new usage patterns.

1.5 Course of events divided into three phases

In order to unfold the emergence of the Swedish mobile telephone industry
this study takes a long-term perspective and starts with the first steps in the
forming of a mobile telephone industry in the early 1950s, and covers its
development up until the late 199os. Mobile telephony has undergone a
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tremendous expansion during this time-span. Schematically it could be said
to have developed from being a local business with local systems covering a
limited geographical area into being a national and Nordic affair, with a
national mobile network based on a Nordic standard, and then into becoming
an international industry, with several international or global systems in
operation.

I therefore find it appropriate to divide the course of events into three
phases: 1) local, 2) national/Nordic, and 3) international.

This division reflects the extension of the various mobile telephone
standards in operation over the years. It is not only relevant for the under-
lying technology, however, it also reflects how the market has evolved and
the activity range of the firms involved. Although the division basically
follows the time path, the phases are partly overlapping and therefore not
strictly sequential. The advantage in dividing the development into three
phases is that it facilitates the presentation of the vast quantity of empirical
material and gives a structure to the account. Moreover, it makes it more
manageable to carry out the analysis of the entrepreneurial activities.

1.6 Research question

The modest projections and the low expectations that characterised the
mobile telephone industry up until the late 1980s makes it appealing to
examine how Sweden has accomplished the feat of now being in the forefront
of this industry. This raises several interesting questions relating to the force
behind this development, for instance, how did it come about that several
Swedish companies succeeded in being frontrunners in this business and
how is it that Sweden now has one of the highest penetration rates in the
world for mobile telephones.

This study is basically driven by my fascination in discovering how this
development has come about. What today is self evident and something that
every one believes will continue to grow in the years to come was originally
an area few believed would ever be of any great commercial interest. In spite
of these unpromising prospects there were those working within this area,
both individuals and firms, who laid the foundation for a significant industry
which today represents a growing market for Swedish firms nationally as
well as internationally.

Besides the ambition to present a comprehensive account of the unfolding
of the Swedish mobile telephone industry there is a theoretical purpose with
this study. Given my interest in searching for the forces behind the development
and in unravelling the relationship between individual and collective action,
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entrepreneurship is a pertinent theoretical construct that I will employ in an
analytical practise.

Entrepreneurship has generated a broad set of theoretical propositions
which is why I take it as point of departure to formulate theoretically valid
definitions of entrepreneurship and to utilise these in an analysis of the
development of the Swedish mobile telephone industry.

In contrast to what dominates the entrepreneurship research area, which
has a focus on studies of specific firms often with one time observations,
this study embraces an entire industry and its relevant participants which I
label as a technological system. My point is to show that entrepreneurship is
not an isolated phenomenon because it appears in a context and in this case
within the boundaries of a specific technology. Besides searching for the
occurrence of three sources of entrepreneurship, I am also interested in ex-
ploring whether entrepreneurship functions as a coordinating mechanism in the
development of the technological system. It concerns how the entrepreneurial
activities taken together form the advancement of the technological system.

Even though a number of markets exist, some of which I have listed
below, they only embrace a part of the development because it is a process
captured through external economy, competence flow and collaboration. It
could be referred to as an industrial network.

There is a network operators market where customers enroll as subscribers
and where mobile telephones communicate. There is a market for mobile
telephones and accessories to end-users. There is a market for wholesale
trade in mobile telephones. There is a market for airtime where service
providers can bundle the mobile telephone service. There is a market for
mobile systems with switches and radio base stations. There is a market for
consultants and system integrators and there is a market for firms working
within mobile communications. Moreover, there is a market for standards
on an international level. Even though this catalogue is not fully comprehensive
it gives an idea of the broad scope of mobile telephony. Over time the definition
of the market develops, influencing the activities of the participants in the
technological system, and the overall development is a kind of market process.

I am interested in innovations which taken together move the technological
system forward and I therefore classify them according to which type of
innovation they are and discuss the magnitude and impact of innovations
on the technological system.

Given my interest to analysing the development it is relevant to discuss
the relationship between the central two theoretical constructs in the study:
entrepreneurship and technological system. Is the one creating the other
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and vice versa? My main focus is on the technological system, entrepreneurship
being seen as the independent variable creating a certain level of change. I
discuss this issue in the analytical framework. Moreover, I discuss whether [
discovered any pattern or variation in the development of the sources and
types of entrepreneurship.

Concluding this section I present my research question for this study:
How did entrepreneurship over time contribute to the development of the Swedish
mobile telephone system?

1.7 Positioning and contribution

As I link entrepreneurship theory with technological system this study
addresses central questions for the industrial development and the techno-
logical system fields. I contribute with concepts and understanding of how a
technological system evolves and the interdependence between different
participants. Since I explicitly address the question of entrepreneurship in
the development of a system context, this study could also specifically be of
interest for the National System of Innovation research area. Moreover, |
also aspire to make a contribution to the field of industrial networks as this
study discusses technological development and entrepreneurship in a
systemic perspective.

Entrepreneurship is a problematic concept and with the broad spectrum
of definition that exists it is a challenge to use it in an analysis such as this.
However, the heterogeneity of entrepreneurship theories makes it possible
to pursue a study such as this where I combine three different perspectives
of entrepreneurship. Within the entrepreneurship literature there is a lack
of longitudinal studies (see discussion below) exploring the existence of
entrepreneurship over time. Focus is either on small business firms or their
founders. It is rare to find a study exploring entrepreneurship within a
particular industry, meaning that entrepreneurship is somehow a connected
and not an isolated phenomenon and that the source of entrepreneurship
can change over time. This makes it possible to discuss how individual and
collective action complement one another in the development of a techno-
logical system. I therefore presume that this study could be a contribution to
the area of entrepreneurship theory.

Furthermore, it is my hope that this study could be of use to scholars
pursuing research into the mobile telephony industry. This provides an
argument for presenting a comprehensive account of the Swedish mobile
telephony industry from its origin.
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1.8 Research within entrepreneurship

Research within the area of entrepreneurship could be said to focus on two
areas, at least according to the Journal of Business Venturing, the main
journal within this area. The first area relates to questions surrounding
small business start-ups, new ventures, venture capital, incubators, franchising,
growth of individual firms, creation of organisations. The second area
relates to issues concerning the individual entrepreneur, the psychology of
entrepreneurs, the personal characteristics of entrepreneurs, personality
traits, self-efficacy, and habitual entrepreneurship.

Even though case studies exist within the entrepreneurship area, this
study takes on a different approach compared to the issues listed above. It is
also rare to find similar studies within the entrepreneurship area. Notwith-
standing, there are certainly studies on technology systems and development
but entrepreneurship is not placed in the center, as it is in this particular
study (see for example McKelvey 1994).

Hill (1995) argues that there is a need for more studies of entrepreneurship
across different types of industries and organisations. By carrying out rich,
qualitative, in-depth studies Hill points out that we could identify potentially
important variables, develop hypotheses and propose classificatory schemata.
Gartner (1995), and a number of other authors, point out that there is a lack
of long-term studies of entrepreneurship, calling for longitudinal studies on
entrepreneurship. By doing this historical study of entrepreneurship using
the case study methodology it is feasible to relate a comprehensive story of
the development extending over half a century.

1.9 The scope of the study

This study primarily relates to the development of mobile telecommunications
in Sweden. Concentration on Sweden is appropriate as I go from the specific
to the general, and include international activities when it is part of the
development. Moreover, the ambition with this study is to generate theoretical
propositions which could work as input to future studies and learn from one
particular case.

Although it would have been interesting to analyse the entire world market
for mobile telephony or at least to concentrate on the development in specific
countries. Finland would have been a particularly interesting case, since
Nokia, like Ericsson, is a frontrunner in the mobile communications industry.
However, I have chosen to restrict this study to Sweden due to time and
space constraints and limited access to the wider data.
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1.10 Disposition

This study is organised as follows. The following chapter presents some
general aspects of mobile communication and on the legal requirements.
Then follows a chapter where I describe the methodological framework and
sources of information. In the chapter thereafter I discuss the theoretical
framework, present theories on technological system, innovations and
entrepreneurship, and present an analytical framework.

The three chapters that follow comprise the emergence of the Swedish
mobile telephone industry divided into the three phases; local,
national/Nordic and international. [ present and analyse entrepreneurship
and its effect on the technological system in each phase.

In the concluding chapter, I discuss and analyse entrepreneurship in the
three phases and how the technological system has evolved. Furthermore I
present an entrepreneurial spiral, and a suggestion for future research.
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2. About mobile communications

In this chapter I present some concepts that I use in the study, and present
some general aspects of the field of enquiry.

2.1 Terms used

Mobile telephony is the main term I use in this study. It can refer to the total
service or to the area. It can be synonymous with mobile telecommunications
or mobile communications, cellular telephony or wireless communication.
Even though the term wireless communication is normally used in relation
to local access technology for the fixed network, it is also often used to refer
to the entire area.

The artefact that the customer uses is called a mobile telephone, a hand
portable, a mobile handset, a pocket telephone or a cell phone. The term
terminal is often used in relation to telephones and refers to any kind of
device that can be connected to the network. I predominately use the terms
mobile telephone or handportable.

Technological system is a central concept in the study comprising the
entire industry including the physical mobile telephone system. When
talking about a mobile telephone system or a mobile telephone network 1
refer to the complete operations including all its parts. The term network is
used in two respects, one referring to the physical network, and the other as a
construct referring to interconnecting activities between different participants.

2.2 Several systems

Mobile telephony in Sweden has its origins in the 1950s when Swedish
Telecom' became the world’s first telecommunication administration to
operate a fully automated mobile telephone system. As the following table

1 Through this study | use Swedish Telecom concerning the period up until 1 July 1993, and after that ! use Telia. Even
though if mainly concern the mobile operation which has been managed in Swedish Telecom Radio, or later Telia Mobile, (
choose to just call it Swedish Telecom or Telia. Before the company was named Televerket, Swedish Telecom the official
name was Telegrafstyrelsen (Telegraph Administration), or Kungl Telegrafstyrelsen (Royal Telegraph Administration). On 1st of
july 1993 Swedish Telecom was established as a company and the name was changed into Telia AB, and Swedish Telecom
Radio (Swedish Telecom Radio) became Telia Mobitel AB.
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indicates, a number of mobile telephone systems have been launched
during the ensuing 5o-years of development, creating openings for a huge
expansion in mobile telephony.

Table 2 / Different systems introduced during the development of mobile telephony

Decade

19505 Development of the first automatic mobile system, MTA

19605 Opening of a second automatic mobile system, MTB. Private systems started.
First steps toward a Nordic mobile system

19705 Opening of a manual system, MTD

19805 Introduction of NMT 450, Comvik enters the market

Introduction of NMT goo
19905 | Opening of GSM by three Swedish operators

Four licenses for DCS 1800 are allocated

A way to measure the diffusion of mobile telephony is to indicate the
number of mobile telephone subscribers per 100 inhabitants, referred to as
the penetration rate. To illustrate the expansion of mobile telephony from
1956 up until 1998 the following table gives the figure for every five years
from 1956 to 1985 and then the annual figure.

Table 3 / The diffusion of mobile telephony in Sweden 1956-98 indicated by the number of

mobile telephone subscribers per 100 inhabitants.

Year Penetration in per cent Year Penetration in per cent
1956 0,0004 1990 5,6
1961 0,0018 . 19917 6,7
1966 0,0024 1992 7.7
1971 0,011 1993 9,6
1976 0,14 1994 15,7
1981 0,3 1995 22,8
1986 1,5 1996 27,9
1987 2,1 1997 35,8
1988 2,9 1998 46,6
1989 4,1

Source: Official statistics, annual reports and corporate material from Swedish Telecom/Telia, annual reports from
Industrifdrvaltnings AB Kinnevik, Netcom Systems and NordicTel, Europolitan.
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It took for example 29 years before 1 per cent of the Swedish population
had a mobile telephone, while it took only another 8 years to reach 1o per
cent, and then it really took off.

1.3 The significance of mobile telephony

Mobile telephony has become an important factor in the Swedish economy
and a mobile telecommunications industry has evolved. It comprises a broad
spectrum of firms varying from network operators, system manufacturers
and suppliers of different sub-technologies to service firms.

The market for mobile telephony can be divided into three sub-markets:
two concern retailing with the retailing market for mobile telephones and
other terminals, and the market for network operations. The third sub-
market concerns the manufacturing of system, system components and
mobile telephones.

During 1998, mobile telecommunication’s annual turnover in Sweden
was SKr 150 billion, the corresponding figure for 1982 was SKr 1.8 billion.
A breakdown of the annual turnover of 1998 gives the following: network
operators’ turnover was SKr 16 billion and the sale of mobile telephones in
Swedish trade was approximately SKr
Year  Network Mobile  Systems 3.1 billion. System and telephone

operation telephones suppliers’ sales were SKr 132 billion,

98212 33785 of which Ericsson was responsible for
1982 226 262 1423 the lion’s share. The following table
FIBB3IE BRI IR s illustrates the growth of mobile

1984 470 418 1956 communication. It is interesting to
AYRELEBEL RSB EBBEY  Jhgerve that the turnover on the
,1986 2815 789 2813 market for mobile telephones
AYBZIIARMLTEL B0 decreases despite the tremendous
_1988 , 2869 1227 ‘501‘2 growth, since the price for mobile
VRg e Ree I R telephones have continuously fallen.
1990 4313 1958 11774

49910 4883 w84 vmBa

1992 4458 1597 15178
19930 azak o rgs2 0 aen8l

1994 5974 3 941 41416

1995 0 BsaS 0 429 56897

1996 9246 4 256 79955

1997 R@2 0 3739 13748
1998 16269 3 109 131725

Table 4 / Annual turnover for the network and

mobile telephone market, and system

Source: Annual reports 1981-98 . . . anre
suppliers in Sweden 1981-98 in million SKr
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1.4 Projections

One of the first forecasts produced by Swedish Telecom in 1967 predicted
that the number of subscribers, ten years after the introduction of a fully
automated system, would come up to 40,000. * When Swedish Telecom
introduced NMT in 1981, it calculated on having 40,000 subscribers in
1990, but the number turned out to be almost 500,000. Swedish Telecom
was no more successful in forecasting the GSM development — in 1990 the
company believed that by 1994 the number of subscribers would be 25,000,
but the real figure was 423,000.

It is perhaps not so surprising that the forecasts totally misjudged the
development, since they were based on an assumption of low but steady
growth without features of dynamic market effects. The influence of
competition and the effects of improved technology were not taken into
consideration, nor was the impact of new distribution strategies, such as the
introduction of subsidisation of the sale of mobile telephones, and the users
growing appetite for mobile communications anticipated.

The forecasts understandably guided the cautious development and
expansion of the networks and were instrumental in fostering the mis-
conception among the business community and politicians of mobile
telephony being just a niche market.

The continuous underestimation of the demand for mobile telephony
occasionally led to operators lagging behind the expansion and suppliers not
coming up with the required number of systems and telephones.

’

1.5 Standards

Mobile telephone standards — among which are analogue AMPS, NMT, and
TACS, and digital GSM, PDC and TDMA - involve mobile telephone systems,
which are designed according to certain principles utilising certain frequency
spectrums. Therefore it is not possible to use equipment with one specific
standard together with equipment with another standard unless the mobile
telephones are constructed to handle multiple standards, so called dual or
multiple mode mobile telephones.

TDMA, earlier called D-AMPS, is the dominating digital standard in the
US. TDMA is a digital development of the AMPS, which like GSM uses
Time Division Multiple Access Technique. The digital standard PDC from
Japan is also based on the TDMA technique. WCDMA is the foundation for
the third generation of mobile telecommunications standard.

2 Televerket, Land mobil radiokommunikation. 1967 (Land mobile radio, report published by a work group for mobile
telephony, Swedish Telecom, August 1967).
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At the end of 1998, 132 million subscribers was connected to GSM net-
works in 132 countries, and 4.5 million to NMT networks in 40 countries.
The total number of mobile telephone subscribers in the world was 304
million. The comparable figure for 1988 indicate that there were 0.7 million
NMT users, which represented 18 per cent of the entire 3.9 million mobile
telephone subscribers in the world.

1.6 The basis of mobile telecommunication

Telecommunications involve a transfer of information through light, or in
shape of electromagnetic oscillations via wires or radio waves. Radio
communication means that radio waves are being used, a kind of electro-
magnetic radiation that occurs at different wavelengths.

Central to a mobile telephone system are the mobile telephone switches.
They handle the communication over the mobile network and look after the
transition to the fixed telephone network. The communication between
mobile telephones — functioning as radio transmitters — and mobile tele-
phone switches takes place via radio base stations. These can be found on
high buildings, specially designed masts, or on other highly elevated
locations, since the radio coverage then improves. The communication
between radio base stations and switches takes place either through fixed
connections, which may be a part of the public network, specially designed
cables or via radio links. The number of accessible channels, which increases
if the radio base stations are placed near to each other, determines the
network’s capacity. One important function is roaming; meaning that the
system checks the whereabouts of the mobile telephones and facilitates the
transfer of calls to the mobile telephone as well. Handover means that the
system is able to connect a call from one radio base station to another while
the call is taking place.

1.7 Legal requirements

Unlike other countries, Sweden only had a few formal regulations covering
telecommunication services prior to the liberalisation of the market, as
Swedish Telecom had a de facto monopoly and was assigned the right by the
Swedish Parliament to issue instructions for the telecommunications area.
The situation changed with the introduction of the new telecommunication
act and the revised act on radio communication on July 1, 1993.

In the late 1970s, Swedish Telecom’s monopoly over the public tele-
communication network began to be called into question. However, the first
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deregulation took place as early as in 19771 when the market for mobile tele-
phones was opened by Swedish Telecom enabling mobile telephone suppliers
to market their products to end-users. In 1980, the Swedish Parliament
decided that Swedish Telecom should gradually open up the telecommunication
market to competition, and that its monopoly should be limited to:

1) equipment for speech communication, exchanging information between
people over the public network, and 2) modems for data communication.
The year 1981 saw the arrival of competition in the network operator market
on a national scale. However, the first private mobile telephone operator
started as early as the mid 196o0s.

When the National Post and Telecom Agency was established in July
1993, the exercise of authority was separated from the operational and
commercial functions within telecommunications.

The Frequency Management at Swedish Telecom Radio was previously
responsible for the allocation of frequencies, regulated by Swedish Telecom’s
statute, the radio law, as well as the government’s notification on radio
transmitters. However, neither the radio law nor the notification on radio
transmitters included any instructions as to when the Frequency Management
was to give out licenses; instead the allocation was dependent on frequency
economic aspects declared by the Frequency Management. Swedish Telecom’s
supporting idea, when the company interpreted the concept frequency
economy, was to reduce the number of operators providing the same kind of
service. Any appeal against the Frequency Management’s decision was first
directed to the General Director of Swedish Telecom, and secondly and
finally to the government.

Swedish Telecom played a dual role, being itself an extensive user and at
the same time being responsible for the allocation of frequencies. This dual
role came under criticism, particularly from the new participants in the
telecommunications market. The European Commission’s green book from
1987 supported the new companies’ criticism of the old statute. The green
book declared that the allocation of frequencies within the European Union
as from July 1, 1991 should be managed by organisations separated from
telecommunication administrations. In August 1991, the Frequency
Management was separated from Swedish Telecom Radio forming an
independent authority at that time, which was later incorporated in the
National Post & Telecom Agency.

The National Post & Telecom Agency is now responsible for the Swedish
telecommunications system and for the allocation of frequencies. A revised
Telecommunication Act was introduced on July 1 1997, adjusted to the
increased competition and the development within the European Union.

About mobile communications | 27



3. Methodological framework

“In the social sciences, we are but rarely in a position to
speak of clear-cut causes and effects. Instead we mostly have
interaction between the elements of the social system.”

Schumpeter (1946, p 410)

3.1 The case study methodology
In this chapter, I present the research approach I use and discuss some
methodological issues. This study is based on the case study methodology,
with emphasis on what is commonly referred to as qualitative research.

Before I elaborate on the case study methodology let me say a few words
on the issue of qualitative versus quantitative research methods. Despite the
fact that it is common to draw a demarcation line between quantitative and
qualitative research, I see no point in treating them as mutually exclusive,
because any research project could certainly benefit from using both approaches.
This study comprises some quantitative elements, but the qualitative material
clearly dominates. Qualitative methods are characterised by that data
acquisition and analysis occur simultaneously and interplay to a large extent,
as the researcher is part of the social context and strives to accomplish a
comprehensive picture. Moreover, qualitative approaches are commonly
interpreted as focused on processes, content and understanding. Qualitative
methods are predominately inductive, which suits development of concepts,
hypothesis and theories as opposed to the testing of existing theories
(Merriam 1994, p 33). While quantitative methods imply that the researcher
retrieves empirical and quantifiable data which is inserted into statistical
form and analysed in a formalised way, the outcome being subsequently
examined in relation to testable hypothesis.

What are the characteristics of the case study methodology? And why is it
appropriate to use the case study methodology in a study like this?
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No one generally accepted definition of the case study methodology
exists. A number of scholars have made different propositions as to how the
methodology should be interpreted, see for example Yin (1994), Merriam
(1994) and Valdelin (1974). However, an idea of the main characteristics of
the case study methodology can be gained from the following expressions:
appropriate in the understanding of complex development processes, suits
longitudinal studies, and is inductive in its character.

Among the scholars who have written about the case study methodology,
Yin is perhaps the most renowned and his view on the issue has been
widely spread. According to Yin, the case study approach should be seen as:

“An empirical inquiry that investigates a contemporary phenomenon
within its real-life context, especially when the boundaries between
phenomenon and context are not clearly evident.” (vin 1994, p 13)

Significant for the case study methodology is that it consists of an in-depth
empirical study of an inductive character, which facilitates a deeper under-
standing of development processes. The phenomenon is somehow
embedded in a social context, as Yin emphasises, and so the case study
researcher has to uncover structures and processes. The case study
researcher is guided by questions such as: who, what, where, how, and why
(Yin 1994, p 5). They relate to processes, why and how something has
happened, and what has developed and why.

Merriam’s (1994) view on case studies corresponds to Yin's and he
characterises the case study methodology as:

1) heuristic, leading towards insight of the phenomenon under study,

2) particularistic, aimed at a specific situation or phenomenon,

3) descriptive, the description of the phenomenon studied is extensive
and detailed, and

4) inductive, concepts and hypothesis are generated from the information
that the researcher has access to.

Both authors emphasise that case studies should give insight, and argue
that the researcher should embrace the specific, or what Merriam calls
particularistic, instead of drawing from a large sample. It is therefore
consistent that case studies are descriptive and inductive in their character.

Valdelin distinguishes between reconstructive case studies that study
something that already has occurred and registered case studies that are
based on ongoing processes. This case study is a reconstructive one as it
unfolds a development extending over 50 years.
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Yin (1994, p 4) classifies case studies as exploratory, descriptive and
explanatory. This case study is descriptive as it unfolds a development over
time. Moreover, I analyse the development through an analytical framework
that makes it relevant to see it as an explanatory case. It could also be said to
be an exploratory case as I aspire to generate concepts and interpretations
with application beyond this particular case.

A decisive factor for the extensive use of the case study methodology is
its advantage for historical studies, covering development over time. It is
common to analyse events chronologically and case studies, according to
Yin (1994, p 116), could even be considered to be a special form of time
series analysis. This is supported by Easton (1995, p 385) who sees the case
study method as an appropriate way of providing longitudinal data as it
focuses on changes over time.

3.2 Outcome of case studies

The epistemological standpoint for singular case studies designates that the
validity of the result is not automatically enhanced if the number of cases is
increased, since one case study, given that it is accomplished in a professional
mannet, could give a highly interesting scientific result. It is also a matter of
allocation of resources, as there is no point in undertaking a greater number
of case studies with the same amount of resources, since it will just result in
more breadth rather than depth in the analysis (Easton 19953, p 382).

The end result in a case study is based on the information that is collected
and on the analysis that is carried out continuously (Merriam 1994, 137).
Implicit in a case study analysis is an attempt to explain a phenomenon
which, according to Yin (1994, p 110), “is to stipulate a set of causal links
about it”. Although it is far from unproblematic to carry out the descriptive
part of a case study, Yin (1994, p 102) points to the great importance of
strengthening the analysis side of the case study, as it is the least developed
and at the same time the most difficult aspect in the practice of case studies.

Merriam (1994, p 140) underlines that several analytical and inter-
pretation levels are feasible in a case study. The outcome of case studies is
certainly of vital interest in estimating the theoretical value of the methodology,
and how the researcher can go on from the findings in a specific case to
make propositions of general interest. Yin (1994, p 10) stresses that case
studies are generalisable to theoretical propositions rather than to populations
or universes. Yin (1994, p 31) uses the concept analytical generalisation, by
which he means that an established theory is used as a template to compare
the empirical findings from a case study. It should be contrasted with the
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positivist way of generalising results, which Yin refers to as statistical
generalisation. The distinction between the two concepts is essential for the
case study methodology. Merriam follows this line of thinking by stating
that qualitative case studies are appropriate primarily to develop new theory
rather than to test hypothesis. A similar view is expressed by Valdelin (1974)
who states that the case study methodology is appropriate for generating
hypothesis and theories. Valdelin emphasises that it is not possible to
generalise the result from one investigation, but it is rather the hypothesis
or theories generated from a study that could be generalised. In more
general terms Brunsson (1981, p 106) stresses that the main purpose with
research is to develop concepts, approaches, and to generate theories. The
task for researchers, according to Brunsson, is not to offer perfects models
of reality but rather concepts and constructs which could handle the reality.

3.3 The rationale for using case studies
The motive to initiate a case study, according to Merriam (1994, p 57), is
often provided by a researcher’s encounter with a praxis problem. It could
also be that the researcher finds no other appropriate means of pursuing the
research and therefore chooses this particular approach. It is also certainly
influenced by the research question, research design, the research environ-
ment and research tradition. Within business administration, which is the
field I work in, the case study approach is an established way to pursue
research. This is why it is an attractive choice when conducting longitudinal
studies. Moreover, the knowledge building and the exploration are essential
factors in performing case study research. The desire to cover contextual
conditions also contributes to the use of the case study methodology (Yin
1994, p 13). This is underpinned by Easton (1995, p 381) who refers to case
studies as exploratory devices. Exploratory research and a variety of research
methodologies may be needed as the case study researcher commonly seeks
to understand processes that have not been studied previously. This is in
line with this study, which is of an explorative character rather than hypothesis
testing. Despite the fact that the case study methodology is a distinctive
form of empirical inquiry, Yin (1994, p 9) points out that several research
strands are sceptical towards this particular approach. However, it is the
dominate research approach in studies on technological development processes,
which is why I am confident that it is suitable for a study such as this.

Why is it appropriate to use the case study methodology to analyse the
development of entrepreneurship? My intention is to study the emergence
of the mobile telephone industry by examining the role of entrepreneurship
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and obtain an understanding of the development over time. The use of the
case study methodology enables me to give an account of the emergence of
the Swedish mobile telephone industry in a longitudinal study, covering a
development process stretching over 50 years. It corresponds to how
Valdelin (1974) defines the case study as a form of empirical investigation,
characterised by a thorough examination of few investigation objects from
various aspects with several sorts of data covering long time periods. Cooper
{(1995) underpins that longitudinal studies seem particularly promising in
giving us insight into founding variables. It is appropriate to characterise
this study as being longitudinal as it is the development of the technological
system that is the unit of analysis, which means that different companies,
taken together, appear over time to form the development of the techno-
logical system.

The account in the subsequent case is extensive because I incorporate the
entire mobile telephone system, with all its different sub-systems over a
long time period. It could therefore be argued that this case has more width
than depth. However, my ambition has been to grasp the complexity of the
emergence of a technological system and concentrate on major innovations
rather than to document every single detail in the development. It is in line
with Merriam who emphasises that it is important to delimit the investigation
and defines the case as a limited system. Schumpeter (1976) underscores
that one has to study systems over time and not only at a given occasion,
and that it is not sufficient to study a specific part of a system since it is a
prerequisite to incorporate the entire system. Furthermore, Aldrich and
Zimmer (1985) underscore that entrepreneurship is a process and must be
viewed in dynamic terms rather than in cross-sectional snapshots, and
entrepreneurship requires linkages or relations between key components of
the process.

To sum up, given my interest in exploring how a technological system
evolves over time and in investigating the role of entrepreneurship in the
development, the case study methodology seems to be an appropriate
method, as it allows my study to embrace an entire system rather than to a
limited number of variables.

3.4 Sources and interviews

Fontana and Frey, (1994) consider interviews as one of the most acknow-
ledged and efficient ways of obtaining an understanding of the activities of
human beings. According to Merriam (1994), interviews are the dominating
source in qualitative case studies. This is underpinned by Yin (1994, p 84)
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who holds that interviews are one of the most important sources of information
for case studies.

The case presented in this study is based on a large number of interviews
with representatives from different companies and organisations (see
reference list for interviews). The interviews have been semi-structured with
prepared questions, where the respondents in some cases have had the
questions sent to them in advance, and in other cases have been given them
at the start of the interview. Most of the interviews were carried out by the
author together with other researchers (Per Andersson and Staffan Hultén).
This made it possible to vary questioning and helped in the taking of notes.
We made a practice of taking notes throughout the interviews, immediately
following which we worked with the proper interview minutes, compared
them and thereafter revised a final version.

I met with some of the respondents on more than one occasion. I did not
send the interview minutes to respondents for comments. However, a number
of the respondents have read texts, articles, case studies, book chapters and
reports that I have written and have commented on them.

Apart from the interviews, the underlying empirical material has been
drawn from a very large number of written sources, such as public statistics,
books, annual reports, newspaper articles, journals, trade journals, public
inquiries, investigations, government Bills, and material from archives (see
list in appendix). Official documents and annual reports for the various
companies have been important sources. As I have searched extensively for
relevant information about the development of mobile telephony in Sweden,
I have been able to put these sources together to present a comprehensive
picture of the development.

Criticism of sources

A research strand within history called “the source critical school”
distinguishes between two categories of source material: documents being
remnants and relational sources. Remnants comprise documents or other
relics originating from the historical process studied. These objects are not
used for what they say but are considered as the ultimate proof that an event
has occurred. Relational sources are narratives and accounts giving the
participants” observations and interpretations of an event. Relational sources
are used by researchers to support statements in documents about the state
of things (Jarrick and Soderberg, 1990). Moreover, historians put forward
the following claims on sources: concurrence, independence, non-
tendentious and realism. The demand for concurrence means that a
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contemporary source is preferable to one from another time period. The
request for independence means that the value of a source decreases if
based on other sources as it becomes less independent. The claim for non-
tendentiousness means that the researcher should avoid biased sources as
they may give a misleading account; if they are used the tendency should be
clearly indicated. The claim on realism means that an unreasonable or
absurd statement should not be accepted (Jarrick and Séderberg, 1990).

The historical material I use in this study comprises of written as well as
oral sources. I do not claim to have worked out a fully objective description
of the course of events but I have striven to present the main features as
accurately as possible according to the historical method and the material
that I have had access to.

The idea of objectivity could be questioned, that facts of the world are
essentially there for study. I rather subscribe to the notion that it is not
feasible to present an objective picture of a historical development because
what is taken to be objective knowledge and truth is the result of perspective,
and that knowledge and truth are created and not discovered. This line of
reasoning is based on constructivist thinking which emphasises the pluralistic
and plastic character of reality (Schwandt 1949, p 125).

By drawing on a large number of different sources I have tried hard to
make the historical account as unbiased as possible. Given the large number
of interviews and the very great number of documents used in this study I
have been forced to exclude a lot of material. A thorough examination of the
material has facilitated the exclusion of tendentious material.

This is a retrospective study, which constructs or forms a model of the
development. By comparing statements from several interviews and
numbers of written sources, and thereby using them as relational sources, I
have been able to base this study on solid ground. This is further emphasised
by the fact that I have made more than one interview with several people
and conducted this study over a long time period and worked with a
extensive source material.

I treat the empirical description in the subsequent three phases as inputs
to the analysis where I use the classification framework to identify entre-
preneurs and entrepreneurial activities. The framework functions as a
device to sort the material instead of acting as a guide to which empirical
material is included in the empirical presentation.

3.5 The research process

At an early stage in the research project I met a number of individuals who
had been involved in the development of mobile telephony in Sweden. I
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became curious to find out what had enabled this development and what
forces were involved in bringing about a Swedish mobile telephone industry.
My attention was also drawn to the role of relationships between different
organisations and companies within the mobile telephone industry.

The research process, which has been stretched out over time, has not
been a linear one. It has rather resembled how Merriam (1994) characterises
the qualitative approach as developing over time, and that ideas, working
hypothesis and intelligent guesses guide the researcher in focusing on some
issues of information that are then used to revise or verify the assumptions
that are made. The direction of this study evolved after the author had
written a number of case studies for teaching purposes about the development
of the Swedish mobile telephone market. Concurrently, I observed that the
trend in research was developing towards structural explanations playing
down processes and thereby substantially limiting the action space for
individuals. This provoked my interest for analysing the dynamics between
individual and collective action, and testing the appropriateness of
entrepreneurship theory. The research question emerged from 1992 and
was a result of the initial work that gave me a preunderstanding of the
mobile telephone system.

It is a reconstructive and longitudinal study but as I have followed the
mobile telecommunication industry closely during the 199os when I have
been working on the research project and it covers the development up until
1998 it has some special features. The majority of the interviews have been
conducted during the first part of the 199os laying the foundation for this
study, and I have met with some of these persons at several occasions. I
have been involved in the mobile industry itself and followed the
development within this industry closely. This means that [ have been able
to accumulate extensive knowledge about the Swedish mobile telephone
industry, which has been an advantage in undertaking this study.
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4. Theoretical framework

4.1 Introduction

This chapter presents the theoretical framework I use in this study. It consists
of three parts: theories related to systems, innovation and entrepreneurship.
By elaborating on different theories within these areas I am able to work out
an analytical tool that is used to analyse the subsequent case study covering

the development of mobile telephony in Sweden.

This study covers technical and economic change addressing the role of
entrepreneurship in the development of a technological system. The point
of departure for this study — which could be expressed as a postulate — is
that entrepreneurship plays a key role for technical and economic
development. This statement is based on solid scientific ground since it is
the theoretical foundation of Schumpeter and Kirzner etc., which means
that I do not question whether entrepreneurship is a vehicle for economic
and technical development. It is taken for granted. Nevertheless, it is an
open question what form entrepreneurship takes. As the subsequent
theoretical discussion shows there exist a number of different propositions
on how entrepreneurship could be interpreted. It basically concerns the
agency of entrepreneurship and what action constitutes entrepreneurship. I
take advantage of the wide scope of theoretical notions of entrepreneurship
by formulating three sources of entrepreneurship. I thereby partly handle
the problematic entrepreneurship concept. However, it does not state what
constitutes entrepreneurship, which makes it relevant to address questions on
theories of innovations. As this study primarily concerns technological and
economic development in a factual development it is appropriate to give
Schumpeter’s notion of new combination a central role. The aim is to
search for innovations that have made a difference in the development and
thereby contributed to the advancements of the technological system. In
order to get an understanding of innovations I examine various innovation

!
36 | Theoretical framework



theories, discuss the impact of innovations, innovation strategies,
continuous innovation, and co-evolution.

The ambition with this study is to understand and describe development
processes in a context which makes it relevant to introduce the idea of systems.
The idea of system is pervasive in social sciences and explicitly states that it
constitutes a whole and that it has a boundary. Here it is labelled a techno-
logical system, similar to an industry, but it comprises other elements and
institutional factors as well.

A conclusive argument for including users in the analysis is that the role
of users in the development of a technological system is that it makes it
feasible to complete the system, and incorporate the demand side into the
analysis. Moreover, the liberalisation of the telecommunications market
means that market forces, in the form of users, should be playing a more
central role for the direction of the development. By incorporating users into
the framework I can analyse the interplay between technology and market.
This can contribute to a better understanding of the dynamism behind the
technological development.

By integrating three sources of entrepreneurship with innovation
theories and the notion of technological system I am able to capture the
dynamics in the development of a technological system. I regard entre-
preneurship as the vehicle for change by moving the technological system
forward through the introduction of innovations. The technological system
is the unit of analysis, which places entrepreneurship into a context. I argue
for the necessity of combining individually and collectively oriented notions
of entrepreneurship in order to capture the development of a technological
system such as mobile telephony. The point here is that changes are
endogenously created and that the development is somehow co-ordinated
through a governance structure.

These streams of theories, taken together, could be integrated into an
approach to analyse the development of a technological system. This makes
it relevant to embark on a theoretical survey, divided into three sections:
systems, innovations and entrepreneurship, culminating in the presentation
of an analytical tool.

4.2 Technological system

Since I set out to analyse the mobile telephone system in Sweden I am
interested not only in how the various company and organisations have
developed but also how the entire system has evolved. A decisive argument
in regarding mobile telephony as a system is its systemic character, and
because the different parts are highly dependent upon each other. As I am
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particularly studying Sweden it is relevant to raise questions related to
geographical aspects, and the national economy for which
telecommunications unquestionable plays a vital role.

“Telecommunications networks like motorways in the fifties, electricity
in the beginning of the century, railways in the nineteenth century,
canals in the mid eighteenth century are becoming the basic
infrastructure of the modern economic system. The universality, quality,
reliability, efficiency and cost conditions of supply of
telecommunications services are becoming a structural precondition for
economic systems to grow into the information economy.” (antonelii 1992, p 6)

The system concept

The idea of regarding a business area, an industry, as a system and techno-
logies as interconnected into systems is far from new. The term system
refers to complexes of elements or components which mutually condition
and constrain one another, so that the whole complex works together, with
some reasonably clearly defined overall function. This line of thinking is
based on system theory, initiated in the late 1940s with Shannon and
Weaver’s seminal book “A mathematical theory of communication”, whose
aim was to understand everything from animals, groups, organisations, and
society by regarding them as systems.

System thinking applied to practical problems is referred to as a systems
approach. This approach recognises that organisations, factories, highways
are made up of components having unique properties, capabilities and
mutual relationships (Churchman, 1968). A central concept in system
theory is boundary, that systems have an inside and an outside, and that the
system has to establish some kind of relationship with the environment.
The concept of system originating in cybernetics has had a wide influence
on social sciences and will be widely used in this study.

Development block

Dahmén (1950) introduced the notion of the development block, which
refers to “a sequence of complementarities which by way of a series of
structural tensions, i.e., disequilibria, may result in a balanced situation”
(Dahmén 1989, p 111). The unbalanced situation could be reflected in price
and cost signals in markets, which are noted by firms and may give rise to
new techniques and new products. Incomplete development blocks generate
both difficulties and opportunities for firms (Dahmén 1989, p 109). Entre-
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preneurial activities eliminate structural tensions and promote development
blocks (Dahmén 1989, p 112).

Innovations, as well as creating new business opportunities, could be the
beginning of a development block. When a technical problem which has
prevented further development in one sector is solved, new possibilities are
created in other sectors. Dahmén (1991b, p 131) stresses that innovations
often initiate changes and chain reactions outside areas where they
originally appear, since new technology, techniques and new materials often
find applications that the developers never anticipated from the beginning.

New development blocks were created around a widening of electrification,
the diffusion of automobiles. Mobile telephony, with all its subdivisions,
could be considered as one of Sweden’s most important development blocks
as been acknowledge by many authors (Eliasson 1995, Granstrand 1993,
Hultén and Mélleryd 1992, 1995).

Structural tensions is a central concept in Dahmén’s approach, by which
he refers to the fact that depressive pressure in stages is premature as long
as the complementary ones are missing, and that the development potential
will be released as soon as the missing stages have come into place or are
expected to do so before too long (Dahmén 1989, p 111).

Two notions of technological system

In the following I present two notions of technological systems which is a
way of comprising an industry into one context. The first one emphasises
some kind of generic knowledge that could be utilised or applied into
different industries. The other one is more close to combining technical
aspects even though social factors are incorporated. I suggest that they could
be considered as complementary to each other.

The first notion of technological system was developed by Carlsson and
Stankiewicz and was elaborated from the development block concept.
Carlsson and Stankiewicz define a technological system as:

“a network of agents interacting in a specific economic/industrial area
under a particular institutional infrastructure or set of infrastructures
and involved in the generation, diffusion and utilisation of technology”

(Carlsson and Stankiewicz 1991, p 111).

There are three central components for this definition: economic
competence, clusters/networks and institutions (Carlsson and Jacobsson
1997, p 266). This approach emphasises knowledge or competence flows
and networks, and new technological systems emerge since new networks
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are created. Carlsson and Stankiewicz (1991, p 111) state that entrepreneurs
and critical mass can turn these knowledge and competence networks into
development blocks. Based on this idea of technological system, the reci-
procal flow of information in a technological system may well result in a
blending of visions and technological expectations of the future among
various actors. The sharing of vision may then lead to a reduction of
perceived risk and a quasi co-ordination of investments between formally
independent actors (Carlsson and Jacobsson 1997, p 270). The primary
interest is on competence flow and the know-how to perform different
general techniques rather than to study specific industries. In other words,
focus is on general purpose areas which have a significant impact on the
economy rather than on the regular flow of products and services.

Thomas Hughes has a slightly different view on technological system. He
emphasises large physical and technical systems, although Hughes stresses
the significance of social components and organisations in the system.
Hughes’ perspective is based on system approach, and the system’s boundaries
are arbitrarily chosen to suit the analysis. According to Hughes (1987, p 51)
technological systems contain messy, complex, problem-solving components,
and they are both socially constructed and society shaping. The idea of social
construction implies that concepts and perceptions of technology are shaped
by social forces rather than technical or scientific propositions. Hughes’
technological system consists of a large number of different sub-systems.

The components of technological systems, according to Hughes (1987, p
52), are socially constructed artefacts invented and developed by system
builders and their associates. System builders or entrepreneurs have the
ability to construct or to force unity from diversity, centralisation in the face
of pluralism, and coherence from chaos. They could be described as hetero-
geneous engineers (Hughes 1987).

Hughes (1987) emphasises that the role for people in technological
systems, besides inventing, designing, and developing systems, is to complete
the feedback loop between system performance and system goal and in so
doing correct error in system performance. Since components of a techno-
logical system interact, their characteristics derive from the system. For
example management in a technological system often chooses technical
components, which Hughes (1987) refers to as physical components (arte-
facts) in a technological system, that support the structure, or organisational
form of management. Over time technological systems strive to gradually
incorporate more and more of the environment into the system as it is a
way of eliminating sources of uncertainty.

As technological systems expand and grow reverse salients develop.’

3 A salient is a protrusion in a geometric figure.
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Reverse salients are components in the system that have fallen behind or are
out of phase with the others (Hughes 1987). Hughes underscores that when
a reverse salient cannot be corrected within an existing system, the problem
becomes a radical one, the solution to which may bring a new and competing
system. Hughes emphasises that as systems mature, they acquire style and
momentum.

Hughes (1994) is critical towards technological determinism in its belief
that technical forces determine social and cultural changes, and towards
social construction in its presumptions that social and cultural forces
determine technical change. Instead Hughes prefers the concept of techno-
logical momentum as it infers that social development shapes and is shaped
by technology, and thereby “avoids the extremism of both technological
determinism and social construction by presenting a more complex, flexible,
time-dependent and pervasive explanation of technological change” (Hughes
1994, P 104).

Proponents of technological determinism and of social construction often
use technology in a narrow sense, according to Hughes (1994, p 102), and
only include physical artefacts and software. Hughes (1994, p 105) uses the
term technical to refer to physical artefacts and software, and by technology
he refers to technological or sociotechnical systems, where the latter do not
have a technical core (hardware and software). The point is that social and
technical factors interact within technological systems.

Technological systems, according to Hughes (1987), do not become
autonomous even after continuous growth and consolidation because they
acquire style and momentum. With technological momentum Hughes
(1994, p 108) refers to the fact that acquired skill and knowledge, special
purpose machines and processes, constitute enormous physical structures
and organisational bureaucracy. Hughes (1994, p 112) underscores that a
technological system can be both a cause and an effect; it can shape or be
shaped by society. As they grow larger and more complex, systems tend to
be more shaping of society and less shaped by it.

Interaction and network approaches

Industrial marketing research noticed early on that interaction over time
between buyers and sellers is an important characteristic of industrial
markets. It was also discovered and emphasised that interaction with customers/-
users within commercial exchange relationships played an important role in
technological development. See e.g. Hikansson (1982) and for a survey of
the early development of the interaction and network approaches, Johanson
and Mattsson (1994). In the industrial network approach the dynamic role
for technology development of interaction within networks of actors
interconnected over time is stressed (e.g. Hikansson, 1987).
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A central assumption in the network approach or “market-as-network” in
marketing is that innovation takes place between producers and suppliers,
as well as between producers and users. This could be, for example, in the
form of mutual adaptations between suppliers and customers (Hikansson
and Snehota 1995, p 60). Relationships affect innovation processes and the
use of resources. For example, new uses for resources are developed as a
result of interaction between producers and customers (Hikansson and
Snehota 1995, p 137).

Ford (1998, p 227) thinks along similar lines and stresses that managers
should use relationships to gain access to the resources of their customers
and suppliers, and that they should come together and develop new products.
The basic idea is that development takes place between companies in
business relationships (Ford 1998, et al p 229). Moreover, Ford (1998, et al
P 244) emphasises the importance of the interaction between suppliers and
customers in the technological development.

The significance of users

With users I refer to people or agents who actually utilise the technology.
von Hippel (1988) emphasises that it is necessary to replace the notion that
innovative activities are only carried out by manufacturers. A broader range
of sources of innovations should be considered such as users, customers,
distributors, and suppliers. von Hippel uses the concept lead users, which
means those users who

“face needs that will be general in a marketplace, but they face them
months or years before the bulk of that marketplace encounters them.
Lead users are positioned to benefit significantly by obtaining a
solution to those needs.” won Hippel 1988)

In analysis of technological systems, focus is predominately on the supply
side which makes it is compelling to incorporate the users into the analysis.
Among the researchers interested in issues related to the meaning of techno-
logy and how it is interpretated W. Bijker is prominent.

Technology has at least three different layers of meaning for Bijker
(1995a, p 231): physical artefacts, human activities and knowledge. This
implies that technology not only apply to hardware technology but also to
social technology. Sociotechnical ensembles is the term Bijker (1995a, p
242) uses, and he analyses technology and society as an intimately inter-
connected, heterogeneous ensemble of technical, social, political and
economic elements. Bijker (1995b, p 326) prefers to use the word ensemble
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instead of system because it conveys the unstructured character of the
relation between technology and society. Bijker (1995b, p 269) argues for
the necessity to analyse technical change as a social process, and use
analytical concepts such as relevant social groups, interpretative flexibility,
closure and stabilisation.

Bijker (1995b, p 273) describes the activities of engineers and inventors
as heterogeneous system or network building. However, Bijker emphasises
that it is not only engineers but also all relevant social groups who contribute
to the social construction of technology, all stable ensembles are bound
together by intimate social and technical links.

Bijker (1995b) eloquently sets out the social construction process on how
the interpretation of a particular technology changes over time. Depending
upon how the technology is interpreted different user groups can consider
using it. The same approach could be used to characterise the advancement
of the usage of mobile telephony, and how the definition of mobile telephony
has been continuously reformulated. It could even be appropriate to refer to
it as entrepreneurial users, those who stretch the boundaries of how the
technology is used and thereby extend the market.

User-producer approach

Lundvall (1992a), who emphasises knowledge and learning, underscores the
significance of the interaction between users and producers. This is in line
with von Hippel's (1988) notion of lead users. Lundvall stresses that the
interaction between the supply and demand side contributes to the develop-
ment and innovative activity. To facilitate a productive interaction between
producers and users it requires that users are competent, and that there is a
balance between the two sides. In case the producers have access to superior
financial resources and technical competence, according to Lundvall (1992c,
P 54) it is likely that producers develop innovations that are too costly and
not particularly well suited for the needs of users.

Lundvall (1988, p 365) states that the end users, such as workers,
consumers and the public sector to have an important role to play in the
innovation process. According to Lundvall, competent users could enhance
the innovative capability of a National System of Innovation. Lundvall labels
this as the user-producer approach. The user-producer approach, according
to Lundvall (1988, p 367), could be useful in clarifying how the different
stages in the chain of innovation relate to each other in various parts of the
economy. A vital part of innovation process is interactivity (Lundvall 1988, p 349).

An innovation that has been developed and introduced will only diffuse if
information about its characteristics is transmitted to potential users. For
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organisations and firms this is a question that could be solved through
interaction and information exchange (Lundvall 1988, p 350). To succeed
with the development and marketing of complex and specialised equipment
it is necessary to cooperate with users during the process of innovation
(Lundvall 1988, p 353). Lundvall (1988, p 356) stresses that the “innovativeness
and the competence of users and producers are important qualities which
might stimulate the other party”. Very competent and demanding users
have provoked radical innovations in areas where the volume of expenditure
has been minuscule. This is supported by Dosi who underlines that a
significant amount of innovations and improvements are originated through
“learning-by-doing” and “learning-by-using” (Dosi 1988, p 223).

To sum up on systems

I have presented theories on systems and particularly technological systems,
development blocks and the role of users in technological development. The
technological system is a concept central to this study as it enables me to
incorporate the various participants into a context, and analyse the inter-
dependence between the different participants. I also capture the development
of products and services in the mobile telephone system. However, know-
ledge flows simultaneously between the participants in the technological
system. I would like to stress that users play a decisive role in the develop-
ment of technological systems. There are numerous users in this industry,
because receivers of products or services are users. It could for example be
network operators that use products that system suppliers produce. However,
these products are often produced in collaboration with operators if they
have the ability to formulate relevant requirements for the products. Moreover,
the end-users, the ones who actually use mobile telephones are certainly
highly interesting because, depending upon how they utilise the technology,
it gives the rate of diffusion and determines how mobile telephones are
apprehended. This is an important part of the development, which makes it
relevant to discuss innovation theories.

4.3 Innovations

What is innovation

Innovation means to successfully bring something to economic life, and
implies the creation of new phenomena or execution of existing phenomena
in a new way. Before I present a categorisation of innovations let me
introduce some different views on innovation. I start with Schumpeter’s
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(1955) notion of new combinations covering five different areas which have
had a significant impact on the understanding of innovations. The
innovations are of five different types, namely

1) the introduction of a new product,

2) the introduction of a new production process,

3) the introduction of new inputs (which are being used in the production
of other goods),

4) the carrying out of a new organisation of any industry, and

5) the opening of a new market.

Dosi (1988, p 222) defines innovation as “the search for, and the discovery,
experimentation, development, imitation and adoption of new products, new
production processes and new organisational set-ups”, and it involves some
sort of perception of yet unexploited, technical and economic opportunities.

According to Lundvall (1992b, p 18) the application of new knowledge
into the economy could be seen as innovation. McKelvey (1997, p 201)
regards innovations as knowledge-seeking activities that aim to develop
novelty of economic value. Lundvall (1992a, p 8) states that all innovations
reflect existing knowledge, although combined in new ways. This means
that innovations could make the current stock of knowledge obsolete, taking
on a new development path. Innovations are by no means restricted to
technical innovations because Lundvall (1988, p 366) emphasises the
significance of social innovations. This leads to the fact that complex and
systemic innovation calls for extensive interactive learning processes. Nelson
and Rosenberg (1993, p 4) define innovation as the process by which firms
master and put into practice product design and manufacturing processes
that are new to them. This implies that it concerns a lot more than doing
research and development.

Moreover, innovations are also complex phenomena, Van de Ven (1995)
stressing that:

“.. a long sequence of events must take place for an innovation to
occur, a complex network of competing and co-operative relationships
have to exist for innovating enterprises to flourish.”

Four categories of innovations

The important role played by innovations for the new economic theory was
manifested in the seminal book “Technical Change and Economic Theory”,
published in 1988, to which Christopher Freeman makes a significant
contribution. In this book Freeman and Perez (1988, p 46-47) present an
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excellent definition of innovations where they distinguish between four
categories of innovations:

1) Incremental innovations occur more or less continuously in any
industry or service activity although at various rates in different
industries and countries. It depends upon a combination of demand
pressures, socio-cultural factors, technological opportunities and
trajectories.

2) Radical innovations appear discontinuously and are usually the result
of deliberate research and development activities in enterprises and/or
university and government laboratories. Radical innovations often
involve a combined product, process and organisational innovation.

3) New technology systems, represent far-reaching changes in technology,
affecting several branches of the economy, as well as giving rise to
entirely new sectors. New technology systems are based on a
combination of radical and incremental innovations, together with
organisational and managerial innovations affecting more than one
or a few firms.

4) Changes in techno-economic paradigm. Some changes in technology
systems cause such far-reaching effects that they influence the
functioning of the entire economy.

Similar classification schemes could be found among other scholars who
have written about innovation. The difference is naturally in choice of
words, but the meaning is about the same.

To begin with, the first two categories concern small, every-day changes,
what Freeman and Perez refer to as incremental changes, and big or radical
changes. They make no differentiation between technical and market related
innovations, because it could be any of them. Hughes (1987) distinguishes
between retention and fundamental innovations, the latter leading to the
creation of new technological systems, while the former means that existing
systems are improved or extended. Dahmén (1991b, p 130) makes a similar
distinction and underlines that despite the fact that innovations are commonly
related to spectacular technological and technical advances they have to be
broadened to include the multitude of small day-to-day improvements.
McKelvey (1994, p 221) underscores that incremental technical changes
occur regularly in a market economy, whereas radical changes appear
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occasionally and affect many other technologies and industries. Changes
tend to be cumulative, even incremental and go in certain directions
according to McKelvey {1994, p 20), but occasionally dramatic changes take
place, leading to a discontinuous development. Utterback (1994, p 189)
states that technological competition predominately concerns incremental
improvements, leading to the fact that firms that are able to move slightly
faster than their competitors and able to serve customer demands better
than their competitors achieve a competitive advantage.

Moreover, Utterback (1994, p 26) underscores the significance of dominant
design, which he sees as a result of the interplay between technical and
market choices, and that it has a strong influence on technological
innovations that take place within the same industry. Utterback (1994, p
217) stresses that incremental innovation is of significant economic and
competitive importance. Utterback (1994, p 80) criticises the linear model
of innovation as innovations do not occur in the same way in all companies.
Product innovation and process innovation are interdependent, and when
the rate of product innovation decreases the rate of process innovation starts
to grow (Utterback 1994, p 83). Teece (1988, p 268) indicates the extent of
dependence between the innovation and the surrounding system by
distinguishing between stand-alone innovations, which can be introduced
without any changes of equipment or parts and systemic innovations, which
require considerable adjustment to other parts of the system. In cases with
technological interdependencies it is likely that the commercialisation of an
innovation will require investments in several different parts of the system
or industry (Teece 1988, p 269).

For the third category, Hughes (1987) underscores that when a reverse
salient cannot be corrected within an existing technological system, the
problem becomes a radical one, to which the solution may bring a new and
competing system.

With the fourth category, based on the idea of long wave theory, Freeman
(1992b, p 1906) refers to technological revolutions which occurs when several
new technology systems have such pervasive effects on the economy as a
whole that they change the style of production and management throughout
the economy. Dosi (1988, p 224) uses a slightly more narrow concept which
he calls technological paradigms, seen as a pattern for solution of selected
techno-economic problems based on highly selected principles derived from
the natural sciences, which define the technological opportunities for
innovations and the procedures on how to exploit them.
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Science and innovations

Even though advanced technical innovation is often interpreted as causing
dramatic changes, Lundvall (1992a, p 12) underpins that a discovery may be
technically advanced but have a limited economic effect if it is never utilised
for products or production of marketable goods or services. Conversely, a
limited technical change could have an immense economic force, for
example by drastically reducing production costs or by making a previously
specialised product accessible to a larger market. A similar idea is presented
by Nelson and Rosenberg (1993, p 8) who underscore that successful
innovation in high technology industries is rather a question of design of
product characteristics than a matter of invention.

Although grand innovations are played down, Nelson (1994Db, p 235)
emphasises that firms must innovate to stay competitive. Firms active in
industries where technological innovation is important have to be equipped
with a set of core capabilities in R&D, such as skills, experience, and know-
ledge of the personnel in the R&D department. It is commonly accepted that
innovating agents tend to innovate close to what they already do and know.
Agents’ abilities to search for and identify opportunities will largely depend
upon their perceptions of opportunities, their competencies, and their
information relationships with others. Innovating agents’ ability to generate
novelty is partly dependent on technical and economic competencies and
knowledge and partly on their interoperation of environmental conditions.
Moreover, the production, procurement, marketing, and legal departments
in organisations must have the capabilities to support and complement new
product and process technologies based on R&D (Nelson 1994b, p 235).
Firms have to choose innovation strategy to handle the increasing pressure
to stay competitive. Nelson and Winter (1982, p 294) distinguish between
two different innovation strategies: science-based industry and cumulative
technology. In the first case a firm’s innovation strategy is based on general
development, while in the latter case the firm is building on progress that
the firm has made by itself.

4.4 National System of Innovation

The starting point for the National System of Innovation (NSI), which is a
framework to analyse the development of innovative activity in a nation, is
that knowledge is the fundamental resource in the economy and learning is
the pivotal process (Lundvall 1992a, p 1). Knowledge is defined very broadly
and in principal comprises everything that concerns how to pursue
conscious human action that could be codified. Moreover Lundvall under-
lines the significance of knowledge that is inside people’s head and there-

1
48 | Thearetical framework



fore not possible to codify, which commonly referred to as tacit knowledge.
According to Lundvall a National System of Innovation:

“is constituted by elements and relationships which interact in the
production, diffusion and use of new and economically useful
knowledge and that a national system encompasses elements and
relationships, either located within or rooted inside the borders of a
nation state” (Lundvall 1992a, p 2).

A similar idea is presented by McKelvey (1994, p 224) who states that
“retention and transmission of knowledge, techniques and behavior within
the population of individuals doing innovative activities are necessary to
carry out technological innovation”. The evolution of knowledge is to a large
extent cumulative and develops along certain trajectories (Lundvall 1992b).
However, the cumulativeness and path-dependency of innovation increase
the risks for lock-in into technological and institutional cul-de-sacs.

National System of Innovation is based on the system approach and
Lundvall (1992a, p 2) states that “a system is constituted by a number of
elements and by the relationships between these elements”. Lundvall under-
lines that the National System of Innovation is a dynamic social system as it
comprises positive feedback and reproduction.

With knowledge, and its intangible characteristics, placed in the center of
the theory the National System of Innovation is well positioned in what is
referred to as the network or knowledge economy.

National System of Innovation regards innovation as a process and a
ubiquitous phenomenon. Lundvall (1992a, p 4) underscores that National
System of Innovation is open and heterogeneous, implying that processes of
innovation could be local as well as national or even international. McKelvey
(1997, p 201) sees National System of Innovation as a network embracing
individual and collective processes of searching, learning and selection
among different innovation opportunities, including technical and economic
dimensions.

Lundvall (1994, p 5) proposes that the National System of Innovation
could either be given a narrow or a broad definition. The narrow National
System of Innovation focuses on how R&D-departments of firms interact
with universities and technological institutes, while the broad National
System of Innovation includes all parts and aspects of the economic
structure and the institutional set-up affecting learning as well as searching
and exploring. Freeman (1992a, p 181) suggests that the narrow National
System of Innovation could be seen as a network comprising exchange
relationships between different actors.
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The National System of Innovation is based on the old Schumpeter’s
notion of innovation and entrepreneurship, which is discussed in the
section about entrepreneurship, as being a result of work carried out in
R&D laboratories. It is therefore logical that National System of Innovation
plays down individual firms and regards innovation and entrepreneurship
as a collective and continuous process. The firm level, according to
McKelvey (1997, p 204), is too narrow to explain the interorganisational
nature of innovation. Notwithstanding, firms are included in the analysis
because they contain both collective and individual aspects, and they carry
out a coordinative role in the search and learning activities in innovation
(McKelvey 1997, p 205). Moreover, Lundvall (1992a, p 9) underpins that
National System of Innovation does not only concern R&D and technical
activities, since learning takes place in connection with routine activities in
production, distribution and consumption.

National System of Innovation states that innovation reflects learning
and that learning is based on routine activities, which is the reason why
innovation has to be based in the current economic structure. This endo-
genously created change means that technical and economical development
will take place in areas where a firm or a national economy is already
involved. However, Lundvall (1992a, p 11) emphasises that economic agents
and organisations also invest time and resources in expanding their know-
ledge by searching and exploring, enabling them to create new input to the
National System of Innovation.

Innovation is uncertain and disruptive in character and the economic
impact of innovation is highly unpredictable. The National System of
Innovation approach is neither accidental nor deterministic, because the
economic structure and the institutional set-up do not totally dictate the
direction of the process of innovation on account of the fact that “a strong
element of randomness will always remain” (Lundvall 19924, p 12). Even
though cumulativeness and path-dependence characterise innovations,
National System of Innovation emphasises that radical technological inno-
vations are rarely foreseen, neither as pure technical breakthroughs nor as
economic innovations with a great economic impact.

The rationale for pursuing analysis with the National Systems of
Innovation approach, according to Lundvall (1992a p 12, 1992¢, p 45), is to
understand and explain why technology develops in a certain direction and
at a certain rate, and that markets are organised differently in various
national systems and that participants are influenced by the different
institutional set-ups. Furthermore, national characteristics play a significant
role for the capacity to produce, acquire, adopt and use technology (Dalum,
Johnson, and Lundvall 1992, p 296).
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National differences
Historically, according to Freeman (1995, p 19), there have been major
differences between how countries have organised and sustained the develop-
ment, introduction, improvement and diffusion of new products and processes.
This makes nation states, national economies and National Systems of
Innovation equally essential domains of economic and political analysis.
Freeman (1992a, p 174) underscores the importance of taking the changing
institutional climate into consideration in accomplishing a complete account
of socio-economic development. It makes it feasible for innovative entrepreneurs
to recruit certain types of professional managers and engineers and to
combine their contributions in novel ways and thereby contribute to success-
ful innovative enterprises. The systemic changes in technology and the
changes in techno-economic paradigm, according to Freeman (1992a,
p 183), tend to provoke correspondingly significant changes in institutions.
The idea of nation states playing a key role in innovation is presented, as
stated, by Nelson and Rosenberg:

“There clearly is a new spirit of what might be called “technonationalism”
in the air, combining a strong belief that the technological capabilities
of a nation’s firms are a key source of their competitive prowess, with a
belief that these capabilities are in a sense national, and can be built by
national action” (weison and Rosenberg 1993, p 3).

National and regional systems of innovation, according to Freeman (199s,
p 5), remain an essential domain of economic analysis, as the networks of
relationships are necessary for any firm to innovate. Freeman (19953, p 15)
presents an decisive argument for using the National System of Innovation
approach as “local and national variations in circumstances may often lead
to different paths of development and to increased diversity rather than to
standardisation and convergence”. Moreover, Freeman (1995, p 17) claims
that radical innovations are immensely influenced by institutional variety
and localised learning. Nelson and Rosenberg (1993, p 17) state that techno-
logical communities have become transnational at the same time that the
idea of national innovation systems have been accepted. It is therefore not
surprising that Nelson (1993, p 517) sees a number of difficulties with the
concept of a national innovation system

Effect of localisation

The idea of using the nation state as the unit of analysis makes it feasible to
analyse economic activity aggregated above the firm level. Geographical
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limitations do not have to be equal with national boarders because it could
be regions, for example, and there is an extensive literature regarding
regional clusters. Regional clusters are referred to as a group of firms active
in the same industry, or in closely related industries that are in close
geographic proximity to each other (Enright 1998, p 315}. The idea of
regional clusters is far from new, because it goes at least back to Marshall.

“An industry concentrated in certain localities is commonly, though
perhaps not quite accurately, described as a localized industry.”
(Marshall 1890, p 222)

The localisation has subsequently played a decisive role for the organisation
of the economy. Marshall regards physical conditions such as the climate,
the soil, easy access to mines and quarries among the various causes that
have led to the localisation of industries.

“This elementary localization of industry gradually prepared the way for
many of the modern developments of division of labor in the
mechanical arts and in the task of business management”

Marshall (1890, p 223}

Marshall (1890, p 225) emphasises that “a localized industry gains a great
advantage from the fact that it offers a constant market for skill”. “Every
cheapening of the means of communication, every new facility for the free
interchange of ideas between distant places alters the action of the forces
which tend to localize industries” (Marshall 1890, p 227).

The significance of the localisation for economic development has
recently been discussed to explain the success of Silicon Valley versus the
decline of Route 128 on the East Coast of the US where the first generation
computer industry was based. As Marshall points out, this is an example of
regional agglomeration of firms active within an industry. The proximity and
market for skills and frequent communication plays a decisive role for the
development. In explaining the success of Silicon Valley Saxenian states that:

“In an age of volatile technologies and markets, however, the horizontal
coordination provided by interfirm networks enable firms to retain the

focus and flexibility needed for continuous innovation.” (saxenian 1994, p 162)

Saxenian (1994, p 162) emphasises the importance of interdependence
between firms and that managers and policy makers have to realise that it is

52 l Theoretical framework



not sufficient to regard firms as separate and self-sufficient entities, because
innovation is a collective process as well as an individual one.

When discussing innovations and regional aspects and high tech
industry it is also relevant to address the question concerning the relative
size of firms. Acs and Audretsch (1990} emphasise that

“Large firms tend to have the relative innovative advantage in
industries which are capital-intensive, concentrated, highly unionized,
and produce a differentiated good”

But in the same time Acs and Audretsch underscore that small firms tend to
have a relative advantage in industries that are highly innovative. In high
tech industry like mobile telephony smaller entrepreneurial firms have the
potential to take advantage of the current development by fast adjustment,
provided they have the capability to adjust to continuous changes.

Co-evolution

Even though I have not explicitly discussed the linear model of innovation,
basically stating that development goes from invention — innovation — to
diffusion in strict sequential order, it is questioned by a growing number of
authors. This calls for new ways of regarding innovation, and one idea that
has caught a growing interest is the idea around co-evolution.

One author who has placed the notion of co-evolution in the center of the
analysis is McKelvey (1994). She see the evolution of the economy as based
on innovations that are the outcome of social processes contributed by many
individuals and organisations. McKelvey apprehends technological innovation
as a co-evolutionary process where innovative activities are simultaneously
pursued within different environments, such as the public, the basic scientific
and the economic. Agents pursuing innovative activities in different
environments interact, and thereby stimulate and mutually shape each
other’s frames of references and the innovative activity (McKelvey 1994, p 6).

Moreover, Nelson (1994b, p 240) finds the co-evolution of technology
and institutions as a fascinating subject, and underscores that it certainly
influences the competitiveness of nations. Dosi (1988, p 234) states that
innovative opportunities and economic exploitation coevolve in ways that are
at least partly endogenous to the process of discovery, development and
production. Nelson (1994a, p 133) emphasises that technology, industrial
organisation and institutions coevolve in directions that lead to sustained
economic development.
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Hultén (1999) takes a slightly different view on co-evolution by emphasising
the externalities that are produced by technologies and institutions, as they
have a bearing on the evolution of more than one industry. The point is that
the development path of an industry or a technology is influenced by the
development taking place elsewhere in the economy. This means that changes
which seem to be independent to a particular technology may affect its
development. Hultén (1999) states that “co-evolution of industries is about
dynamic externalities that interlock industries in an evolutionary process of
entities that mutually adapt.” This means that the technological development
within a certain area is interdependent with economic, technical and political
developments generated by other technologies.

Summing up on innovations

By introducing innovation theories I come one step further in understanding
that economic development, as innovation, is a central construct. In this
regard Schumpeter’s notion of new combinations is essential for my view of
innovations. The categorisation of innovation gives an indication of the
magnitude of innovations. However, as has been pointed out previously the
effect of innovations on a technological system could be extensive even
though the innovation is incremental. National Systems of Innovation is
closely linked with the concept of system and innovation. As this study
concentrates on Sweden it is relevant to address the geographical question,
however. While National System of Innovation looks at the economy as a
whole and analyses the innovativeness of nations, I study a certain area, i.e.
mobile telephony. However, some of the ideas found in National System of
Innovation are useful for this study. This is, for example, the emphasis on
knowledge, which means that development is guided by knowledge creation
and the coordinative role played by firms in the development. While techno-
logical system regards specific technologies, National System of Innovation
takes a geographical boundary as its starting point. Similar ideas of regional
agglomeration are found in theories on regional clusters, and on regional
advantage where collaboration between firms is placed into the center of the
analysis. As will be evident from the subsequent case, there have certainly
been examples of spillover effects and a stream of people moving between
different firms in the Sweden’s mobile telephone industry. This is at the
center of Marshall’s notion that access to skill is of vital importance for the
economic development. As the linear model of innovation is questioned it is
not surprising that the notion of co-evolution has emerged. This means that
the innovative development is interactive and concurrent.
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I have now laid the foundation for analysing the development of mobile
telephony. However, the vehicle for change is still missing which makes it
relevant to introduce the concept of entrepreneurship.

4.5 Entrepreneurship theory and research

Entrepreneurship is a multi- and inter-disciplinary field, rooted in the social
sciences. [t would be no exaggeration to say that an immense amount of
literature exists within the field of entrepreneurship, covering a broad
spectrum of perspectives such as psychology, business administration, small
business research, economics, finance, and public policy. A research area
specialising in entrepreneurship related to small and medium size firms has
emerged, for example.

The subsequent theoretical survey shows the broad range of entrepreneur-
ship theories, and how various theoretical standpoints lead to different
definitions of entrepreneurship. The scope of the various entrepreneurship
theories means that entrepreneurship is conceived variously from being an
individual act to its opposite, that it is a question of collective actions and a
result of structural forces.

It could be seen as a dichotomy, which is in line with Kelly (1978) who
states that classical innovation theories are spread around two clusters:
deterministic and individualistic theories. In the deterministic theory
innovations occur when the circumstances are right and the theory
emphasises the role of social and other factors (military and economic) in
development of technological changes. The individualistic theory underpins
the importance of individuals (great men or heroes) and plays down external
influences. These two poles are often interpreted as mutually exclusive:

“...regard the course of science and technology as a continuing process
of cumulative growth, with discoveries tending to come in their due
time, or as the work of men of genius who, with their ancillaries, bring
about basic advances in science? In the ordinary way, these are put as
alternatives: either the social theory of discovery or the “heroic”

theory. " (Merton 1973, p 352)

The theoretical discussion is obviously affected by the purpose of this study,
which is to analyse the development of a technological system with all its
entrepreneurs and innovations, rather than to carry out a theoretical
discourse on entrepreneurship. I develop an analytical framework by mapping
the various theoretical standpoints, and present three sources of entrepreneur-
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ship. The framework is affected by the fact that I focus on major changes,
innovations that have shaped the development rather than every-day changes.

To avoid confusion of ideas with the concept of entrepreneurship I would
like to stress the distinction between who is accomplishing the
entrepreneurial function, what should be referred to as the entrepreneur
and what the entrepreneurship consist of, what kind of entrepreneurial
activity is accomplished.

[t is beyond the scope of this study to do a comprehensive survey of the
entire entrepreneurship research area. Neither is it necessary since a
number of authors have already made contributions to cover the various
entrepreneurship theories (see for example Casson, (1990); Sexton and
Smilor (1986); Bull, Thomas and Willard (1995); and Hérbert and Link (1982).

Different approaches to entrepreneurship

As stated, there are certainly numerous contributions to the definition of
entrepreneurship, and many scholars have aspired to come up with the
ultimate definition. However, since it has never been accomplished I will
utilise different theoretical contributions to formulate a conceptual
framework.

One leading scholar within economics and entrepreneurship is Casson
(1990, p xiv) and he distinguishes between four approaches to entrepreneur-
ship in economic theory:

1) The first focuses on the factor distribution of income, and seeks to
identify a factor for which profit is the reward, leading authors being
R. Cantillon, F. Knight, W. Baumol.

2) The second emphasises the market process and takes its starting point
in a critique of the static Walrasian concept of perfect competition.
This is usually referred to as the Austrian school with authors such
as von Mises, F von Hayek, and I. Kirzner.

3) The third is the heroic Schumpeterian vision of the entrepreneur as
an innovator, whose “creative destruction” regulates growth and
fluctuation in the economy.

4) The forth concerns the relation between the entrepreneur and the firm,
and the focus is on the entrepreneur as decision-maker, motivation and
perception of the environment. Special attention is given to small and
newly founded firms, and key issues are strategy formulation, building
market share, and managing growth through diversification. Examples
of authors are J.S. Mill, and A. Marshall.
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Given the focus of the present study, Schumpeter’s notion of the innovator
is appropriate for the kind of entrepreneur I seek.

As I previously stated, a number of scholars have pursued research in an
endeavour to formulate the ultimate definition of entrepreneurship. Carsrud,
Olm, and Eddy (1996, p 367) stress that the absence of a commonly accepted
definition of entrepreneurship is a serious shortcoming that misdirects the
research within the field, as too much energy is laid on concept building,
contributing to a lack of a coherent body of research. A solution to this
problem is proposed by Bull and Willard, who suggest that we should:

“Adopt Schumpeter-based concepts as it should mitigate further
misdirection of effort and allow researchers to focus on the task at
hand, i.e. explaining and predicting the occurrence of entrepreneurial
events/phenomena. ? (Bull and Willard 1995, p 2)

I fully agree with this suggestion and I also use Schumpeter as a basic
reference in the theoretical framework. However, as Schumpeter’s notion of
entrepreneurship has developed over time, I also apply other theoretical
contributions as they enable me to broaden the framework. First, [ increase
the complexity by introducing three sources of entrepreneurship. Then, in
the concluding part, I wind it up and discuss the agglomeration of
entrepreneurship in a technological system by introducing a model that I
call the “entrepreneurial spiral”. This enables me to discuss the evolution of
entrepreneurship over time.

Schumpeter’s theory of entrepreneurship

Hérbert and Link (1982, p 74) state that Schumpeter was the first scholar to
develop an elaborated theory of the entrepreneur as an innovator. According
to Hérbert and Link (1982, p 76), Schumpeter could be regarded as an inte-
grating figure in the history of entrepreneurial thought because he succeeded
to integrate the dynamics of the technology and business enterprise.

The significant idea in Schumpeter’s approach is that entrepreneurs have
the function to carry out new combinations. The entrepreneur thereby reforms
or revolutionises the pattern of production and distribution by exploiting an
invention.

For Schumpeter (1949) entrepreneurship consists in “doing things that
are not generally done in the ordinary course of business routine, it is
essentially a phenomenon that comes under a wider aspect of leadership”.
Even though Schumpeter (1947, p 151) states that the entrepreneurial
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function concerns the doing of new things or the doing of things that are
already being done but in a new way, he also underscores that it does not
necessarily have to be spectacular or of historic importance.

Schumpeter (1947, p 150) distinguishes between adaptive and creative
responses. With adaptive response Schumpeter refers to adjustment and
adaptation according to traditional theory on changes, more people, quantity,
expansion through existing practice, while creative response is whenever the
economy or an industry or some firms in an industry do something outside of
the range of existing practices leading to a new social and economic situation.

The peculiar personality and motivation of a particular class of economic
agent called the entrepreneur is the mainspring of endogenous economic
change, according to the Schumpeter approach. Only the most gifted
entrepreneurs are assumed to be the pioneers capable of overcoming the
hurdles facing an entirely new venture. The motives for entrepreneurial
conduct, according to Schumpeter, is will to conquer, proving oneself
superior to others, the joy of creating, otherwise simply exercising one’s
energy and ingenuity.

The interaction between entrepreneurial activities and technology,
according to Schumpeter (1947), is a vehicle for economic development.
Schumpeter portrays economic development as a perennial gale of
restructuring and expansion and an innovative recombination of the
resources, carried out by entrepreneurs.

Witt (1995) underpins that Schumpeter’s main argument is that economic
change is systematically produced from within the economy, and that this
endogenously caused change makes up the evolutionary element in his
approach.

Hérbert and Link argue that the Schumpeterian entrepreneur is a construct,
much like Weber’s charismatic leader, which is introduced to disrupt the
self-perpetuating equilibrium. This is confirmed by Schumpeter (1949) who
underscores that the entrepreneur should not be interpreted as being the
equivalent of a single physical person as much as a function, and that every
social environment has its own ways of filling the entrepreneurial function.
It could for example be filled co-operatively (Schumpeter 1949).

Schumpeter altered his standpoint regarding that which fulfils the
entrepreneurial function since there is a significant difference between the
early and late Schumpeter, referred to as Schumpeter I and Schumpeter I1.
This is well covered in the extensive literature about Schumpeter’s entrepreneur-
ship theory (see for example Lundgren 1991, Scherer and Perlman 1992,
Elam 1993, Sundbo 1998). In the late period, referred to as Schumpeter II,
the entrepreneurial function is overtaken by large organisations where

\
58 | Theoretical framework



innovation could be effectively programmed and co-ordinated. Schumpeter
(1976) argues explicitly that the pioneering promoter loses out against the
teams of trained specialists of the large corporations and becomes increasingly
obsolete. Innovative activities become a form of bureau and committee work.

It could be stated that innovation is increasingly going on within large
firms as an essentially collective endeavour, independent of single individuals.
With the establishment of R&D departments in large corporations, the
generation of new knowledge became endogenous to the innovation endeavour.
A consequence of this, as Schumpeter stated, is that economic development
becomes automated and decreasingly a matter of leadership and individual
initiative. Nevertheless, Elam (1993, p 129) argues convincingly that
Schumpeter is not actually making the entrepreneur invalid, rather that the
entrepreneurial function in Schumpeter I is transformed in conjunction
with the development of the economy and that the motive for the entrepreneur-
ship is changing.

Even though Schumpeter originally came from Austria he is not part of
the Austrian school of entrepreneurship because their standpoint is quite
different. While Schumpeter emphasises the function of entrepreneurship
as disturbing an equilibrium situation through entrepreneurship and new
combinations, the basic idea of the Austrian theory, expressed by Kirzner, is
that entrepreneurship is the process of moving the economy towards
equilibrium.

Austrian theory of entrepreneurship

According to Casson (1990), the Austrian theory is based on a repudiation
of objectivity in social science, all knowledge being regarded as provisional
and subjective. Moreover, the Austrian theory is founded on methodological
individualism which states that all attempts to explain social macro phenomena,
like institutions and social structures, should be rejected if they are not
expressed in or possibly refer to facts about individuals, like decisions,
motives, acts and attitudes.

The basic idea in Kirzner’s (19773, p 17) notion of entrepreneurship is that
the market process essentially is entrepreneurial. For Kirzner (1973, p 81)
entrepreneurship is about to “perceive new opportunities which others have
not yet noticed” and an ability to see where new products have become
unexpectedly valuable to consumers. Moreover, Kirzner (1979, p 115) see
entrepreneurship as the grasping of opportunities that somehow have
escaped notice, and that the entrepreneur “fulfill the potential for economic
development that a society already possesses”. The basic motive for entre-
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preneurs is pure profit opportunities (Kirzner, 1979, p 175).

Kirzner criticises neoclassical theory as it does not state how equilibrium
is accomplished from an initial state of disequilibrium, and that it leaves no
room for purposeful human action. In Kirzner’s theory market participants
learn about what other market participants are likely to do and capture
possibilities that already are available, and it is through this discovery process
that entrepreneurs move economic markets in the direction towards
equilibrium. The market is in Kirzner’s (1973, p 9) view made up of inter-
acting decisions of consumers, entrepreneur-producers, and resource
owners. His position is that “systematic changes in the interconnected network
of market decisions constitutes the market process” (Kirzner 1973, p 10).

von Mises postulates that knowledge is never complete or perfect — why
markets constantly are in a state of disequilibrium. Human action according
to von Mises (1963) is founded on subjective knowledge of the environment
and human action is one of the forces that creates change in the economic
system. Therefore, knowledge about people, local conditions and particular
circumstances are equally important for economic success as scientific fact.
Entrepreneurs, according to von Mises, are the first to understand that there
is a discrepancy between what currently is done and what ought to be done.

The Austrian school emphasises knowledge and learning as a fundamental
process in the economy. The difference between the Austrian and
Schumpeter viewpoints, according to Lundvall (1992b), is that the Austrians
have not integrated Schumpeter’s innovating entrepreneur in their theory,
giving their learning process a one-way bias towards a constantly moving and
never realised equilibrium. This is a plausible argument not to include
Kirzner in the analytical framework for the analysis of the mobile telephone
system. However, I use the idea of individuals as a unit of analysis and in the
concluding analysis I return to the idea of market processes and how the
definition of the market is continuously reframed when I introduce a model
I call the “entrepreneurial spiral”.

The distinction between entrepreneurship and entrepreneurs
Although the previous discussion gives a good understanding of entrepreneur-
ship I think it is relevant to elaborate on the issue further and introduce
some additional authors. In the subsequent analysis I emphasise the
distinction between entrepreneurship and entrepreneur.

Let me start with entrepreneurship. Dahmén sees entrepreneurship as a
significant force in the economic development, as entrepreneurs generate
and react on business opportunities. In transformation processes it is a
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constant conflict between new and old things — in which entrepreneurial
activities play a decisive role — and transformation pressure could be either
positive or negative (Dahmén 1989, p 110). The greater transformation an
innovation gives birth to, the greater the economic significance. Expressed
in a slightly different way, Johanisson (1996) regards entrepreneurship as
linked to separate individuals, to people’s perception and ability to act in
interaction with other people. Entrepreneurship, according to Johanisson,
could be seen as a radical organiser, implying that entrepreneurship not
only creates business and new consumption patterns but also contributes to
the formation of the institutional platform in society. A central concept in
entrepreneurship is change or, as Bull and Willard (1995, p 4) state, discontinuity
through which value not previously available to society is created. A central
question is how this is achieved and Thomas and Willard {1995) acknow-
ledge that entrepreneurship is not deterministic, but rather the result of a
confluence of different factors such as opportunity, perception, preparation,
and risk-taking. Expressed in general term De Jong (1989, p 287) defines
entrepreneurship as the creation of added value or surplus value. Entrepreneur-
ship, according to Baumol (1995), could be seen as the creation and cessation
of business entities and as a vehicle for economic innovation in different
settings that adds value to the society as well as to the entrepreneur.

To sum up, this overview gives an understanding of entrepreneurship
and how it contributes to the forward movement of the economy. Concurrently,
it is necessary to focus on the various categories of agents that could perform
the entrepreneurial function.

The entrepreneur is commonly seen as an individual and Casson (1993,
p 31) defines the entrepreneur as “someone who specialises in taking
judgemental decisions [judgemental decisions are decisions for which no
obviously correct procedure exists] about the co-ordination of scarce
resources”. Moreover, Casson (1990, p xviii} emphasises that it is a mistake
to suppose that there can only be one entrepreneur per firm, and to regard
the operations of the firm as merely an extension of the personality of its
founder. Baumol (1995) states that the entrepreneur detects previously
unrecognised opportunities and implements them, thus becoming the
strategist of the business. Baumol distinguishes between two types of
entrepreneur: 1) Firm-organising entrepreneur, someone who creates and
then, perhaps, organises and operates a new business firm, whether or not
there is anything innovative in these acts. 2) Innovating entrepreneur,
someone who transforms inventions and ideas into economically viable
entities, whether or not that someone creates or operates a firm in the
course of so doing.
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Individual entrepreneur

The entrepreneur is commonly seen as being the equivalent of one individual,
and this standpoint on entrepreneurship is prevalent in the popular manage-
ment literature and business press where the entrepreneur is ascribed
superior qualities, like being able to control the destiny of large corporations.
When this is taken to its extreme, it gets closer to a kind of glorification
which is widely criticised as it is creating a unrealistic picture of what
individuals can do on their own.

In spite of the focus on business leaders it is commonly accepted in the
literature that all that fulfils the entrepreneurial function, including
employees of a firm, could be called entrepreneurs. This is because everyone
qualifies as an entrepreneur when they actually carry out new combinations,
while they lose that character as soon as they have built up their business or
move to administrative tasks. Witt (1995) questions whether Schumpeter is
overdoing the personalization of the entrepreneur, and that it resembles an
elite theory since the Schumpeterian entrepreneurs are anything but average,
and that he tends to overrate the role of spectacular innovations and under-
rate small-scale innovative activities. Hill (1995) pursues the same line of
thinking and claims that the academic research and the popular press have
over emphasised the individual entrepreneur. Nevertheless, Hill underscores
that he is not implying that development will occur without entrepreneurs.

In this context it is also relevant to raise the question of the difference
between entrepreneurship and management. Utterback (1994, p 84) sees
this as when firms lose their dynamic character, individuals with manage-
ment skills gradually increase their power on the behalf of those with
entrepreneurial ability.

Entrepreneurial teams — collective entrepreneurship

As an reaction towards the focus on individual entrepreneurs Vyakarnam,
Jacobs and Handelberg (1997) presents the idea that entrepreneurial teams,
consisting of a combination of people with different personalities, characteristics,
knowledge and skills, are more likely to accomplish the entrepreneurial
function. Similar ideas are presented by Gartner (1995, p 67) who underpins
that the entrepreneurial function has not necessarily to reside in one person
but in many, and that successful ventures are often established by teams
rather than by single individuals. Gartner underscore that observers have a
tendency to underestimate the influence of external factors and overestimate
the influence of internal or personal factors when making judgements about
the behaviour of individuals. The increasing complexity of research and
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innovative activities, which initiated the foundation of formal organisations,
such as firm’s R&D laboratories departments, government laboratories,
universities, effectively balance the significance of individual innovators
(Dosi 1988, p 223).

An explicit collective approach towards entrepreneurship could be found in
the strand of National System of Innovation, which claims that entrepreneur-
ship are carried out or produced collectively, however Lundvall (1992a) stresses
that there is an element of randomness in the venturing process. Related ideas
are presented by Van De Ven (1993) who emphasises that historical studies
clearly show that most innovations are collective achievements. They are efforts
of many actors working over an extended period of time, often in parallel and
independent of locations. He refutes the idea of random events or a specific
actor’s genius and applies a social system perspective on entrepreneurship.
Furthermore, Van de Ven emphasises that entrepreneurship is not only for the
private sector as it is also relevant for the public sector.

4.6 Three sources of entrepreneurship

The theoretical survey illustrates the broad range of entrepreneurship and
innovation theories. Let me first define entrepreneurship.

My starting point corresponds with Schumpeter’s notion that entrepreneur-
ship is a function that could be carried out by a number of different actors,
or group of actors. Given that I see entrepreneurship as a function there is
an agent who fulfil the capacity as an entrepreneur which makes it essential
to determine what constitutes entrepreneurship. However, I will first discuss
which agents perform entrepreneurship and then define what constitutes
entrepreneurship.

The literature covered contains many theories for defining the entrepreneur,
ranging from the individual to the collective endeavour. What can I say
about the various theories? In an attempt to systematise the various theories
I formulate three categories or sources of entrepreneurship, which I present
in the following:

1) the individual as entrepreneur,
2) the company as entrepreneur, and
3) the network as entrepreneur.

It could be maintained that these three sources of entrepreneurship are
mutually exclusive but even so my conviction is that it is feasible to place
them side by side. In my view, it is a way to apply various entrepreneurial
theories and use them as different categories of actors in an analysis of a
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case study. In the following, I explain and expound upon the three sources
of entrepreneurship and complement my earlier examples of theories,
starting with the individual as entrepreneur.

The individual as entrepreneur

The concept of the individual entrepreneur is founded on the idea that one
individual can influence economic events. J. Hughes (1986) rejects the
assumption that historical force and structures are the factors that trigger
economic development. He argues that there are no masses — only
individuals — and that those individuals force economic development.

In economic theory, the entrepreneur has been perceived as an individual,
not as a member of a group, team, department or organisation. Baumol
(1990) sees the entrepreneur as the Napoleon of the economy, dictating its
direction and its strength. This is in line with the early Schumpeter who
averred that the individuals who are capable of moving against the existing
order of economic life are the real entrepreneurs.

Another kind of individually centred entrepreneurial theory has arisen
around the research of small and medium sized business, where the
individuals who are the owners or founders are the entrepreneurs.
Dandridge and Johannisson (1996) argue that genuine entrepreneurs create
their own organising context, basically by way of a resourceful egocentric
network including major customers, research centres and politicians.

According to this line of thinking, it is individuals who trigger innovations,
even when those innovations have to be fitted into an existing organisation
to work effectively. The underlying theory is that in most cases only one or
two individuals recognise a new possibility when they see it and are able to
cope with the resistance and difficulties when going beyond the boundaries
of established practice.

I have previously mentioned the prevalence of the individual entrepreneur
in the business literature, popular press and how this slant has influenced
the popular conception of entrepreneurship. It is an established way of
regarding entrepreneurship and it is straightforward, therefore, to conceptualise
the individual as a unit of analysis.

The company as entrepreneur

Schumpeter argued that the individual entrepreneur looses out against the
team approach and the trained specialists employed by the large companies,
enabling the function of entrepreneurship to be carried out by the company,
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as such. Whether entrepreneurship turns into being a form of bureau and
committee work, something like an incessant, routine-like, industrial
innovativeness could be questioned. The main point is that innovation is
increasingly going on within companies largely independent of individuals.
Economic development is becoming automated and is decreasingly a matter
of leadership and individual initiative. With the setting up of R&D
departments in large companies, the generation of new knowledge becomes
an internal activity.

A company does not have to be small or newly set up, since both big and
small companies could employ entrepreneurship. Moreover, entrepreneurship
is not limited to private sector companies as it could certainly also take place
within public organisations.

A sign that a company is being entrepreneurial, according to Schumpeter,
is that it has the ability to respond creatively, to do something different from
normal routines.

Hjort and Johannisson (1994) argue that the cast for the entrepreneurial
organisation includes all echelons of the organisation. The role of the top
management is to epitomise entrepreneurial values and to sponsor the
creation of arenas where corporate entrepreneurs can nurture their own
networks.

Hjort and Johannisson regard corporate entrepreneurs in a social-
constructivist perspective, and they are seen as innovative network
organisers of internal (corporate) and external resources. The entrepreneur
is guided by an ever evolving vision in the rationalisation of actions taken
and in the guidance of present action. Vyakarnam, Jacobs and Handelberg
(1997) contribute to the understanding of how entrepreneurial teams, which
often lead fast growth firms, are created and their role. A team, a combination
of people with different personality characteristics, knowledge and skills, is
more likely to be reliable in creating successful enterprise processes.

The entrepreneurial firm is a concept derived around small and medium
size firms. This source of entrepreneurship means that the firm is the unit
of analysis. Given that this category comes after the first one: the individual
as entrepreneur, it is certainly a broad category ranging from a small team
to a large multinational firm. The fact that the firm is an accepted concept is
to its benefit and is why it is relevant to use it in the analytical framework.

The network as entrepreneur

The starting point in the industrial network approach provides models and
conceptualisations for understanding the totality of relationships among
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firms engaged in production, distribution and use of goods and services
(e.g. Axelsson and Easton 1992). A basic idea in Johanson and Mattsson’s
(1992) view of the network approach is that inventions and innovations
occur in networks — not within but between companies — and in order to
make an innovation successful, the network has to be mobilised. This is in
line with Snehota (1990) who argues that entrepreneurship can only be
performed by networking, connecting to other actors and thereby gaining
access to resources not previously available. Snehota (1990) sees entrepreneur-
ship in the Austrian perspective as a way to initiate and accomplish exchange
relationships in a mutually beneficial exchange not previously acknowledged
by the market participants.

The network approach also stresses the underlying technological inter-
dependencies, linking changes in the network governance structure to
changes in the technological, activity and resource structures. This is
forwarded by Hikansson and Snehota (1995) who state that resource
development appears to a large extent to take place between companies
rather than within companies, and that the development and performance
of companies could be explained by their ability to develop relationships.

As presented above, Van de Ven’s (1993) social system approach on
entrepreneurship could be labelled as network entrepreneurship, as it
comprises a collective type of entrepreneurship. The assumption is that any
given firm is only able to perform a limited set of roles, being therefore
dependent upon many other actors to accomplish all the functions needed
for an industry to prosper.

Elam (1993, p 129) outlines a perspective on innovation, presenting it as
an essentially collective endeavour in advanced economies where the
entrepreneurial function could be exercised by a growing variety of people
working alone or in close co-operation with others. This is line with National
System of Innovation, which regards entrepreneurship as a collective process,
making it plausible to refer to it as the network as an entrepreneur.

Hirschman (1958, p 17) underscores the importance of the co-operative
function, such as to engineer agreement among all interested parties, such
as the invention of the process, the partners, the capitalists, the suppliers of
parts and services. The notion of collective invention presented by Allen
(1983) builds on free exchange of information about new techniques and
plant designs among firms in an industry. For instance the American and
British steel industries relied on collective invention for their development
of new technology. Collective invention tends to generate new techniques
that are adapted to the localities that generate them, as these new techniques
lead to lower costs when utilised primarily by firms who face relative input
prices similar to those which prevail in the locality where they are invented.
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Antonelli (1992, p 21) launched the concept network firms which
emphasises the relevance of externalities in knowledge and technology and
the collective nature of the innovation process. Innovation, according to
Antonelli, is the result of networking strategies of firms, appropriate factors
of the technological environment. Network firms, according to Antonelli, are
groups or loose-linkages of firms that cooperate strategically in order to share
know-how, technical capabilities and learning opportunities. Antonelli
(1992, p 21) states that network firms can be viewed as “cooperative institutions
designed to increase the appropriability of the benefits of technological
innovation and to reduce the public good character of knowledge”. This
means that the effects of technological innovations predominately are
utilised by network firms.

To sum up on entrepreneurship

The way I have chosen to handle the broad spectrum of entrepreneurship
theories is to categorise three sources of entrepreneurship. This study
explores whether it is possible to combine heroic theory, in the type of
individual entrepreneurs, and social theory, in the form of companies and
networks as entrepreneurs, in an analysis of a technological system.

I have now traversed these three areas: systems, innovation and entrepreneur-
ship and it is now timely to elaborate on the analytical tool that will be used
in the subsequent case study.

Formulation of an analytical tool

I take the notion of technological system as the unit of analysis in this study.
The technological system for mobile telephony consists of different functions
performed by various organisations such as network operators, system and
telephone suppliers, distributors, standardisers, regulators and end-users.
Mobile telephony is both a service and a product market. First there is the
mobile telephone network which consists of radio base stations, mobile
switches, mobile telephones, and a number of communication and
information system. As it connects the end-user to the network, it is crucial
to the network operators. Then there are the operators, with the appropriate
knowledge to put these technical parts together or who engage external
partners to do so. This means that suppliers of equipment have a market on
which to sell their products. If any of the required sub-systems are missing
the system is incomplete. One technical component that is often out of step
with the remaining system equipment is the mobile telephone itself.
Although easily perceived solely as a technical project, mobile telephony
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is not vigorous without a functioning distribution and marketing involve-
ment. Nor is mobile telephony solely a product market, because the service
that network operators provide and end-users utilise gives it specific
characteristics.

I focus on complementarities and interdependencies between the
different actors and their undetlying technologies and sub-systems in line
with Dahmén (1989), who underpins the importance of complementarities
between technological, economical and other factors.

Why is it appropriate to use a technological system approach? This study
was initiated by an interest in exploring how the network operator market
for mobile telephony had developed. This induced an interest in suppliers of
mobile systems and mobile telephones. It was therefore natural to view it as
a system, facilitated by the incorporation of standardisers, distributors and
end-users into the framework. Moreover, mobile telephony is a network
technology, an infrastructural system. This is why it is easy to argue for the
benefit of using a framework of a technological system.

The following picture shows the various participants included in the
technological system, mobile telephony:

Figure 1 / Participants in the technological system

Regulators/politicians/standardiser

Network operato.

System suppliers

Distributors End-users

Mobile telephone suppliers

Although not shown in Figure 1 above, the relevance of financial actors in
the technological system should not be forgotten. Financial resources have
unquestionably been vital for the development, in the capitalisation of firms
and for network extensions and the like, and there are several examples of
occasions where access to capital played a decisive role in the development
of mobile telephony in Sweden. Let me present four examples:
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1) The deregulation of the market for mobile telephones in 1971 was
forced upon Swedish Telecom as it could not raise a sufficient amount
of capital in the short time available to invest in mobile telephones.

2) External financing facilitated Ericsson’s expansion on the mobile
telephony market in the US.

3) Access to capital has been vital for the Kinnevik Group’s expansion
within the field of mobile telephony.

4) The same is valid for Europolitan, which was forced to finance the
negative cash flow in the build up stage.

The education system, embracing universities and research institutes, could
also have been included as part of the technological system as well. The
directions of education programs certainly influence how prepared the students
are to take up positions within the mobile telephony industry. The technical
universities, such as the Royal Institute of Technology in Stockholm, Chalmers
University of Technology, and Lund Institute of Technology have educated
people involved in mobile telephony, and their profile and research levels
have formed the workforce for the industry. Moreover, research have been
conducted at the technical universities which have relevance for the mobile
telephony system. However I have not incorporated this particular aspects as
research was concurrently carried out at the various mobile telephone firms.
The available education programs at technical universities are certainly
influenced by the development of the industry and its needs. The significance
of the education programs could be illustrated by an example from Japan.
Japan’s relative weakness within mobile telephony has been explained by the
fact that they did not educate a sufficient number of radio engineers as they
thought that fibre optics was the future, while mobile telephony was seen as
becoming just a minor application.

As I am forced to restrict the size of the technological system defined 1
do not include the aspects I have presented above into the framework in this
study. Moreover, [ must desist from assimilating all details in the empirical
account. The focus is on the development of the entire system rather than
on all details of all the firms a