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Technology in Time, Space, and Mind: 

An introduction 
 
 

KG Hammarlund & Tomas Nilson 

 
According to one former Swedish MP, Hans Lindblad, the large 
emigration of Swedes to America during the period 1860-1930, 
produced an immense influx of thought and ideas – “[t]he 
message was democracy and religious freedom but also that 
success could be reached only through hard work and 
enterprise.”1 This – one might call it an implementation of ‘the 
American way’ – were kept up by letters home, the so-called 
Amerikabrev, through reports, articles and travelogues 
published in newspapers and journals, by popular culture 
(movies, literature) and to a large extend by returning 
individuals. Lindblad points out that this process is yet to be 
studied in a systematic way. Our aim then with this anthology 
is to do precisely that: to focus on the transfer and subsequent 
diffusion of ideas. We will not restrict our self to the American 
context, like Lindblad does, but rather take a broader outlook 
and give examples from different countries and different fields 
of interest. 
Foreign influences, in the guise of technology, organisation 

modes, knowledge, et cetera are extremely important to a 
developing nation. The British historian David J. Jeremy says 
that without transfer and diffusion of such, no real economic 
development can ever take place. Even if this by now is a well 
established fact, Jeremy points out that still we have not 
figured out exactly how transfer and diffusion processes 
actually works, or under what circumstances they do or do not. 
According to Jeremy, the main reason for this lack of knowledge 
is the complexity of the process itself – it is difficult to define 
precisely because of (1) its dependence of ever changing 
contexts, and (2) because it is influenced by a wide range of 
factors, such as social, economical, cultural and historical 
ones.2 

                                                
1 Henricson and Lindblad (1995) p. 101. 
2 Jeremy (1991) p. 1. 
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The works on transfer and diffusion processes are plentiful. 
Striking when browsing through much of that literature are the 
four omnipresent fundamentals, already to a certain extent 
commented on above: who transfer what, through what 
channels and despite what inhibiting factors? We will deal 
extensively with each of them later on in this introductory text. 
First we will set the scene by giving a historical background. 
 
 

Background 

In technological matters, during the eighteenth and nineteenth 
centuries, Swedes travelled to Great Britain in order to bring 
back knowledge and artefacts. Such trips were paid for by the 
state or by Jernkontoret (the Ironmasters’ Association), who 
deemed them to be of highly strategic value to the ongoing 
modernising process in Sweden. In a later era, travellers also 
began to visit industrial ‘late-comers’, such as Germany and the 
USA. Different kind of excursions took place: one was the pure 
study-trip along the lines of a grand tour, where one visited 
chosen universities, institutions or industrial establishment. 
Another possibility, although more clandestine, were the spy-
trip, where the sole purpose was to find the secrets behind a 
specific mode of production or to copy a specific piece of 
machinery. The latter was often combined with a third kind of 
travel, the working-trip. Here one worked at a foreign institution 
in order to gain experience of modern production and 
technology.  
 The other way around also existed – to bring to Sweden 

competent personal in order for them to educate Swedish 
employees. That was the case when, during the 1830’s, British 
experts introduced the Lancashire method of iron melting in 
Sweden.3 Also the emerging Swedish textile industry used such 
measures during the formative years – to overcome a very real 
knowledge deficit, the majority of managers and supervisors 
were of British origin. This is a general pattern. The history of 
Göta Kanal is instructive on this point.  
From the very beginning of 1822, British mechanics and 

founders played an integral part in the development of Motala 
Verkstad – the shop itself was lead by Daniel Fraser; several of 
the heads of department were also British, and the ‘master 
engineer’ Thomas Telford acted as a consultant to the board in 

                                                
3 Sahlin (1988) p 16. 
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technological matters.4 Both the state and Jernkontoret realised 
the importance of training on the job: British mechanics were 
ordered to instruct Swedish trainees, the purpose was to 
increase the numbers of trained mechanics in Sweden. In 1839, 
approximate 40 such trainees were employed at Motala 
Verkstad, paid for by the state.5 
 
 

Theoretical points – the four fundamentals 

As was mentioned above, transfer and diffusion processes are 
highly complex, and have been dealt with in a number of 
theoretical ways. One of them focuses on the vehicles of 
transfer and diffusion.  
When the American historian of technology John M. 

Staudenmeier surveyed the journal Technology & Culture for 
articles on technology transfer published between 1959 and 
1980, he found that a common feature was the emphasis on 
the individual actor as an agent of transfer. His (or her) ability 
to bridge geographical space was seen as most fundamental.6 
One model of transfer that centres round agents is the Social-

Carrier theory, developed by Edquist and Edqvist. A ‘social 
carrier’ is a social unit that first chooses and then implements a 
certain technology. The carrier could be an organisation or a 
company but the concept can also be associated with an 
individual person.  
In order to be a genuine social carrier a number of criteria 

must be met: the specific unit that makes up the social carrier 
must (1) have an initial interest in implementing a certain 
technology, (2) show a sufficient level of organisation and (3) 
display the necessary power (social, economic, political) in order 
to make decisions on implementation. Also important, but not 
as important as the earlier ones, are (4) knowledge of and (5) 
access to the technology itself as well as (6) the ability to 
procure vital know-how. If all of those criterions are met, the 
unit can be labelled a true social carrier, but if some are 
lacking, the unit is only a potential social carrier.  
Social carriers are often a mixture of two different social 

units, and the relationship between them are not always equal 
– one party being the more dominant one.  
Important to knowledge is that a certain technology is carried 

by different agents during different phases of the 
                                                
4 Strömbäck (1993). 
5 Gårdlund (1940) pp. 186 f. 
6 Staudenmeier (1985) pp. 218 ff. 
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transfer/diffusion process. Only rarely is the technology carried 
all the way by the same agent.7 
What then is being transferred and latter diffused? In this 

book we deal quite exclusively with immaterial matters, such as 
ideologies, knowledge and opinions. We might call them images. 
But artefacts of various kinds are of course also possible 
objects of transfer. But, when an artefact is transferred it is 
always accompanied by knowledge (know-how) in order to 
operate it. Through history, quit a few machines have been left 
idle because no one in the new context had the necessary 
operational skills. Jeremy gives a telling example. The first 
spinning mule that was exported to America in 1783 was 
broken down in pieces to avoid British customs. When the 
owner fell ill and had to return to Britain, the dismantled 
machine then arrived to Philadelphia without anyone with 
sufficient knowledge to reassemble it. During four years, 
attempts by local mechanics to understand its construction 
proved futile, and a decision to return it back to Britain was 
made.8 
When it comes to images, these are carried by different types 

of agents – individuals, newspapers, journals, films etc and 
then diffused. Often images are charged with either positive or 
negative connotations depending on prior experiences. Accord-
ing to Aant Elzinga, the way to understand new images is to 
associate them to older, well-known phenomena in order to 
comprehend the meaning of them.9 
The image itself is centred round facts, values and 

recommendations for action, which always has to correspond to 
the surrounding reality. Image is hence to be understood as a 
description of reality, based upon individual experience and 
values. 
Images are, as we mentioned above, transferred through 

certain channels. The historian Timo Myllyntaus discusses at 
least seven different types of channels for foreign know-how to 
be implemented. The most important one for our context is 
what he labels ‘low-cost diffusion’, and consists of information 
obtained through journals and newspapers.10  
One model for diffusion, developed by Yujiro Hayami and 

Vernon W. Ruttan, divides transfer in to three parts: (1) 
artefacts, (2) blue prints, calculations and manuals and (3) 
scientific knowledge and capacity. The first phase refers to 
                                                
7 Edquist and Edqvist (1980) pp. 42 f. 
8 Jeremy and Stapleton (1991) p. 35. 
9 Elzinga (1998) p 23 f. 
10 Myllyntaus (1991) p. 305 f. 
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artefacts for direct/immediate usage; the second phase consists 
of material that enables the direct copying of foreign technology, 
while the third phase aims for local adaptation of the 
transferred technology, mainly through expertise, that, in 
concert with the local population, design tailor made 
technology.11 
The fourth and final of our fundamentals, inhibiting factors to 

transfer, is seen by scholars as important to pinpoint – 
otherwise the whole process could be jeopardised. 
For a successful transfer to take place the host nation must 

display a number of prerequisite conditions: a cultural climate 
that is ready to embrace a new innovation or a new mode is 
necessary, but a sufficient level of aggregated knowledge that 
actually enables individuals to utilise the new technology is of 
equal importance.  
One common theoretical trait regarding implementation of 

foreign technology/knowledge is the need for adaptation 
according to local needs. Myllyntaus says that technology and 
technological knowledge must pass through what he labels a 
‘cultural filter’. 
This means that adaptation in order to fit the new context is 

crucial, otherwise the transferring will inevitable fail. Rodgers 
and Shoemaker point out that both transfer and diffusion 
within a social system could be inhibited if the prevailing social 
norms are against change because they set the standards for 
what is deemed as acceptable social behaviour.12 From such a 
perspective, one might therefore argue that Germany, despite 
its successful industrial exploits during the late nineteenth 
century, never really became a bona fide industrial nation, just 
because of the wide spread social bias against industry and 
entrepreneurs that existed among the leading élites, most 
notably the nobility (the Junkers).13 
Also Nathan Rosenberg highlights this problematic issue. 

Import of high tech innovations and know-how is not possible if 
certain conditions are not met, something that in the long run 
leads to dependency and difficulties in developing a domestic 
technological context.14   
 
 

                                                
11 Hayami and Ruttan (1971). 
12 Rogers and Shoemaker (1971) p. 18 f, 26. 
13 Kocka (1999) p. 80 ff. 
14 Rosenberg (1970) p. 550 ff. 
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About the content of the volume 

The following chapters are revised versions of papers presented 
at the workshop Technology in Time, Space, and Mind held at 
Halmstad University in October 2005, organised by the School 
of Humanities and its research environment Contexts and 
Cultural Boundaries. 
The first chapter to follow,”Technology Transfer and Societal 

Change” by Bengt Berglund, can be read as an introductory 
overview of the field of research. As Berglund points out, 
technology’s role in growth and development has been an object 
for systematic studies since the days of Adam Smith. That 
technology change, transfer, and diffusion are crucial factors in 
the process of industrialisation is obvious, but as Berglund 
reminds us it has been remarkably difficult to pin down how 
and to what degree their impact is manifested. In neo-classical 
economics technology – or the ‘technology factor’ – had often 
been seen as (part of) the enigmatic Solow residual, something 
exogenous and therefore of limited interest. But when, during 
the post-war period, 70-80 per cent of economic growth could 
only be explained through the Solow residual, a more active 
study of the relation between technology change and economic 
growth began. Since the post-war period also is a period of de-
colonisation and accelerating globalisation, technology transfer 
and diffusion (and their effects) became topics of interest. 
As a result, the ‘black box’ of the technology factor was prised 

open and among its content researchers have identified product 
development, rationalisation, marketing, growth of human 
capital, work organisation, resource allocation et cetera. 
Many questions remain unsolved, however. Among them are 

the nature of interdependence between, for instance, 
technological change and investment in human capital. 
Comparative studies of the industrialisation process in different 
countries have also shown that a historical context, i.e. factors 
particular to a given frame of time and space, is of importance. 
Necessary to take into account is not only purely material 
conditions but also institutions and culture – where the latter 
comprises such elusive and culturally dependent concepts as 
attitudes and values. 
When writing the history of technology, Bengt Berglund 

concludes, we must take a step beyond a traditional approach 
where the unique and genial (be it an innovation or an 
innovator), isolated from its context, dominate. What needs to 
be done is to study technology change as a whole, as a process 
where we find actors and institutions embedded in a social 
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context, in a temporal/spatial framework. In order to capture 
this complexity, contributions from technicians, social 
scientists, economists, and historians are equally valuable and 
indispensable. 
The actor is very much in focus of Per-Olof Grönberg’s 

contribution. What he discusses is not, however, the traditional 
main character: the hero of technology history, the individual 
genial inventor. Here we meet a collective actor, the numerous 
and anonymous engineers that have served as mediators and 
carriers of technology and know-how. 
Grönberg’s study of Nordic engineers graduated in the period 

1880-1919 shows that cross-border mobility – either to study or 
to work – was quite common. Out of 12,379 engineers 5,623 or 
45 percent migrated, most of them to German-speaking Europe 
(Germany, Austria, and Switzerland) or the United States. 
Migration across the Atlantic can mainly be explained by lack 

of opportunities on the domestic labour market. Since the 
process of industrialisation in Norway started later than in 
neighbouring Sweden and Denmark it is not surprising that 
Norwegian engineers were attracted by the opportunities that 
were to be found in the US. In Finland industrialisation also 
came relatively late, but before 1914 imperial Russia was an 
attractive alternative for Finnish engineers. 
Germany and other German-speaking countries were 

attractive destinations both for work, e.g. for adding experience 
to one’s CV in order to obtain higher positions, and for study. 
Germany’s technische Hochschulen were renowned, and in the 
Nordic countries only Copenhagen (The Polytechnic Academy) 
and Stockholm (The Royal Institute of Technology) could offer 
engineering courses that came close to German standards. 
Engineers from the fields of mechanics, electricity, and 
chemistry were especially prone to go to Germany. In all these 
fields, German technology was at the international forefront as 
were the universities and institutes of Berlin Charlottenburg, 
Dresden, Munich and Zurich. 
Most of the engineers that migrated to German-speaking 

countries eventually returned to their home countries. This of 
course suggests that the migrants acted as carriers of 
technological skill and know-how. 
Worth noting is the contribution of Norwegians and Finns 

educated abroad to the development of national institutions of 
technology education. The large number of returnees with 
German education in the fields of electricity or chemistry is also 
a telling fact considering the importance of hydroelectricity and 
pulp & paper, textile (dyeing), and artificial fertilisers. 
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Measuring the importance of engineer migration is difficult, 
but numbers alone suggest that the returnees made up 
considerable clusters of human capital and must have had 
considerable impact – not only well-known individuals such as 
Sigfrid Edström, who later became a legendary CEO at ASEA, or 
Sam Eyde, his counterpart at Norsk Hydro, but thousands of 
others that have remained anonymous. 
Engineers and students were not the only ones to go abroad 

and carry influences and impressions with them when 
returning home. Charlotte Tornbjer has analysed travelogues 
from the inter-war period, written by Swedish novelists, editors, 
and publishers as well as politicians and others, who had 
visited Germany, the Soviet Union, and the US. 
These travellers were not interested in technology as such, 

nor did they see themselves as carriers of know-how. In their 
travelogues the countries visited were commented upon as 
promising or threatening paths towards the future. In this 
context technology became important since it was (and is) 
closely linked to concepts such as ‘progress’ or ‘modernisation’. 
A common trait in most travelogues is the authors’ ambiguity 

towards the encounter with everyday technology set in its 
context. Germany, the Soviet Union, and the US could all be 
seen as countries where state-of-the-art technology sided with 
moral and cultural backwardness. In the case of the US, 
visitors found the ever-present high-tech solutions accentuating 
the lack of heritage and tradition and the mass culture as both 
impressive and vulgar. 
The Soviet Union bore the century-old connotations of the 

barbaric East to which were added the suspicions or fears of 
communism – for some. For those who took a more favourable 
view of the Soviet system, technology bore witness of 
modernisation, Enlightenment even, that effectively placed the 
barbarism of the Tsarist regime in the garbage can of the past. 
When looking at the US or the Soviet Union, Swedish 

travellers vacillated between the perspectives of ‘Us’ and ‘Them’. 
Conceptions of Germany were more complicated. Neighbouring 
Germany had been a model country for Sweden in many 
respects and in many respects the countries shared a common 
culture. The Machtübernahme changed this. 
Some of the authors behind the travelogues were benevolently 

inclined towards the Nazi regime while others opposed it. They 
nevertheless shared a picture of the new Germany as 
simultaneously archaic and modern. Those who didn’t 
appreciate the new order feared that modern technology would 
be put in use in the service of uncivilised barbarism. Their 
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opponents pointed out how the Third Reich successfully 
combined modern technology with ‘traditional values’, thus 
avoiding the vulgar ‘American lifestyle’. 
Tornbjer points out that the ambiguity towards technology is 

also seen in its genderisation. Most often (and most prominent 
in the travelogues from Germany) technology is linked with 
masculinity. In the case of the US, however, the mass 
consumption and mass culture that sprung form modern 
technology gave connotations of ‘female’ superficiality and 
cravings for luxury. 
Technology, in other words, is not just an uncomplicated 

‘good’. Attitudes towards technology are laden with ideological 
content. Technological change may change our attitudes and 
values but when technology is put into a political or moral 
context our attitudes and values will also have impact on 
technology. 
Most often, however, technology has had a positive ring and 

been associated with progress. Hans-Liudger Dienel depicts in 
his chapter the German gas and refrigeration company Linde 
AG which ever since its foundation has cultivated the image of 
being a high-tech company. Linde, today one of the world’s 
leading suppliers of industrial and medical gases, was founded 
in 1875 by Carl Linde who walked the line between industry 
and academy, research and practice. After studying at the 
highly respected Polytechnic Institute of Zurich he was 
appointed adjunct professor of the Munich Polytechnic in 1868, 
a post he left in 1879 when he became the chairman of Linde. 
For Linde, being the manager of a technology-based company 

also meant being an innovator. He himself successfully 
combined the roles of the gifted scientist, the inventor and 
entrepreneur, the persistent manager. When the next 
generation took up leading positions the division of labour 
became more marked, but his sons Friedrich (the inventor) and 
Richard (the scientist) and his son-in-law Rudolf Wucherer (the 
manager) all held academic degrees in science or engineering. 
At the turn of the 19th century German technology and 

engineering skills were widely renowned and associated with 
concepts such as trust, reliability, responsibility. The values 
put on such virtues were underlined by cultivating the image of 
being a Family company (the third generation of Lindes stepped 
down from the CEO post in 1976). From the beginning and well 
inte the inter-war period photographs of management and 
supervisory boards depict close networks, bonded through 
family ties or the ties of a fellow academic brotherhood. 
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In the post-war period Linde gradually changed. It is no 
longer a diversified high-tech company but a transnational 
supplier of industrial gases. The engineers and scientists 
among the board members have been replaced by businessmen 
and financial analysts. The starting point, refrigeration 
technology, is no longer part of the company while other gas 
suppliers (such as the Swedish firm AGA) have been taken over. 
Linde still tend its reputation as a Technology company, 

associated with the concepts of reliability, responsibility, and 
entrepreneurial innovation. “Technology, innovation and 
inventive spirit have characterized The Linde Group from the 
very beginning. These factors of success also remain our driving 
forces”, says the company on its website. Not only technology 
itself but also the connotations that arise from it are important 
factors that cannot be left out of the history. 
Even if sometimes contested as part of a critique of 

civilisation, high-tech and science in general are concepts with 
a lot of value attributed to them. Not the least they are seen as 
crucial factors for continued economic growth. Despite this, 
and despite the fact that the young generation is growing up 
surrounded by status-laden high-tech gadgets, the interest for 
teaching science and technology is dwindling in most Western 
countries to the concern of their governments. 
Maths, Science, and Technology are more often than not 

regarded as dull and/or strenuous to be shunned as much as 
possible. 
Aadu Ott and Lars-Göran Vedin discuss in their paper the 

challenges of a distinctive kind of technology transfer: how to 
enhance, stimulate, and preserve young people’s curiosity 
towards technology and science. 
It is not uncommon that teachers try to break free of the 

textbooks’ limitations, adding learning aids such as films, 
artefacts, and visits to museums. They sometimes work out 
well; they sometimes become just a diversion, a pleasant 
change from routine, but without much impact on the pupils’ 
learning curve. 
Ott and Vedin build on the findings of a weeklong seminar for 

teacher training students at the Deutsches Museum in Munich 
and interpret them through a framework of neurodidactic 
theory. 
The starting point is that learning takes place by changing or 

strengthening the connections that tie together our brain cells. 
What the museum can offer (while the textbook cannot) is an 
opportunity for a multi-sensory learning experience. The 
artefacts, the context where they are placed, the story that is 
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told, render a multitude of interacting representations that 
create an optimal mental information processing situation that 
will in turn affect the synaptical connections of the learner with 
efficient learning as a result. 
This will, of course, hold for learning in general, not only 

within the fields of science and technology. Ott’s and Vedin’s 
contribution is nonetheless of great relevance since it brings 
forward the importance of the education system when 
discussing technology diffusion. 
Education is necessary for transferring know-how from one 

generation to another. This has of course been acknowledged 
for a long time. Historians study the emergence of higher 
teaching institutions (polytechnics, universities) and their 
importance for industrial and economic development. 
Politicians add these institutions to their calculations and plans 
for further growth. The starting-point for formal education, i.e. 
primary/secondary schools, is seldom taken into deeper 
consideration. If we look for a proper understanding of the 
complicated patterns of technology transfer and diffusion, part 
of the answer might be found through research on practices of 
teaching and learning on a fundamental level. 
Another type of institution of importance for diffusion of 

scientific and technical know-how is the Academy. One of the 
most important tasks of the academies of science founded in 
the 17th and 18th centuries was to make new scientific and 
technical advancements known to the general public – the 
farmers, the industrialists. This fitted well into the mercantilist 
theories of that time. Knowledge should not be kept within the 
walls of the universities; it should be used for practical 
purposes, promoting the economic growth of the nation-state. 
At the same time, however, the academies also harboured the 
Baconian ideal of universalism where knowledge was to be 
shared regardless of political interest. 
The original academies acted as meeting points or networks 

for scientists (broadly defined), i.e. the ‘providers’ of knowledge. 
In organisations of a later date this was to be changed. Henrik 
Brissman analyses the Royal Swedish Academy of Engineering 
Sciences (in Swedish Ingenjörsvetenskapsakademin – IVA), 
founded in 1919, and suggests that this organisation is best 
understood if regarded as a ‘boundary organisation’, a concept 
developed by David H. Guston. 
From the very beginning the IVA was set up to bridge the gap 

between academy and industry, research and application, 
‘provider’ and ‘user’. Hence it makes reason to study the IVA as 
a boundary organisation, distinctive from a nodal point in a 
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network in that can be said to serve two masters. It is placed on 
the frontier of two relatively distinct social spheres, and is 
responsible and accountable to both, thus carefully finding a 
balance between the from time to time diverging ruling 
principles of both sides. 
The mixing of industrial and scientific interest was not 

without success. The IVA never became a research institution 
comparable to its older sibling, the Royal Academy of Science. 
But it captured a central position in the fields of energy as well 
as psycho-technology and working studies connected to the 
rationalisation movement. And, not the least important, the IVA 
filled a communicative function acting as a lobby group towards 
the state authorities. The academy became an important agent 
during the intense discussions that led to the foundation of the 
first Swedish national research council, the Technical Research 
Council set up in 1942. 
On the surface, the story of the IVA conveys the image of 

cross-border collaboration as smooth and uncomplicated. This 
is, however, not always true. In the last chapter of the volume 
Bernd Hofmaier reminds us that collaboration between SMEs 
and the academic field, or collaboration between organisations 
in the public sector and private companies, can be full of 
problems, conflicts, and obstacles. Problems can arise from 
different language but also from different institutional settings, 
rules and norms, or different practical working models. 
Hofmaier has studied the formation of the Health Technology 

Alliance (HTA), an interest and support organisation joining 
Halmstad University, the municipality of Halmstad, the regional 
development council Region Halland and a number of 
institutions and enterprises in the field of health care and 
health technology.  
The HTA’s first years were turbulent. The budding alliance 

counted on substantial funding from VINNOVA (the Swedish 
Governmental Agency for Innovation Systems) since the 
network seemed to be exactly in line with the guidelines for 
VINNOVA programmes. However, two different applications, in 
2003 and 2004 respectively, both failed. 
In spite of this disappointing outcome, the HTA nevertheless 

succeeded in restructuring the alliance along new 
organisational principles.  
The study of the HTA is a study of a network in the making 

with the ambition to capture the heterogeneous rationalities 
that lie behind the actors’ enrolment and activity. Hofmaier 
argues convincingly that this process becomes intelligible and 
meaningful when studied in the light of social constructivist 
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theories, mainly the Actor-Network Theory (ANT) developed by, 
among others, Michel Callon and John Law. 
Hofmaier’s contribution in the last chapter is a striking 

example of what Bengt Berglund says in the first: that 
technology transfer and diffuison ought to be regarded as a 
process where we find actors and institutions embedded in a 
social context, in a temporal/spatial framework. The journey 
through the volume, with its different approaches to different 
examples of technology transfer and diffusion, has thereby 
come to a full circle.  
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Economic Growth and Technological Change 
 
 

Bengt Berglund 

 
Introduction 

It is natural that the role of technology in social change is 
connected to its role in production. Historically we often speak 
in terms of the development of technology and its role in the 
economic growth of nations and regions. It is, however, 
necessary to clearly define what is meant by ‘growth’, as well as 
its connection to technology and how growth in history has 
been explained. Did people think in terms of growth 400 years 
ago? Did not the majority of people live generation after 
generation under circumstances that were largely the same? 
Even if people did think in terms of growth, they were unable to 
write them down, and hence we cannot access their thoughts. 
What we know are the thoughts of a few, elite literate members 
of society.  
There has been a great deal of criticism lately regarding the 

use of the term ‘growth’. Attention has been paid to the 
ambiguities involved in evaluating leisure time, unpaid 
activities, and environmental deterioration. How is growth to be 
measured when that very GDP is the subject of large structural 
changes? These questions, however, lie outside the scope of this 
article, which will instead be focused on economic growth and 
technological change using the word growth in a rather wide 
perspective.  
In the following, I will present a short review of some 

explanatory models on economic growth, and then proceed with 
a few theories regarding social change and the transfer of 
technology or technology diffusion. First, however, the transfer 
of technology requires a spatial aspect, i.e. it must be possible 
to transfer technology from one society to another, and from 
one environment to another. This diffusion process has been 
explained conceptually in terms of convergence, catching up, or 
through the Schumpeterian initiative of engineers or 
contractors. A second aspect is that all change, including 
technological change, includes a temporal aspect which means 
that the diffusion either occurs quickly and dramatically or in 
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the form of long drawn out process. In some cases, there may 
be no actual diffusion at all. Thirdly, there is also a structural 
aspect to technology which is connected to certain costs. These 
factors not only include the choice of technology itself but 
salaries, capital, transaction costs, branch of industry, 
innovations, etc. A fourth factor that should be considered is 
whether the environment, the community or laws that are 
required for the development of the new technology, is itself 
transferable to other environments or societies. These 
communities or rules can be called ‘institutions’ for social 
change. In conclusion, the relationship between technology and 
culture will be discussed, as well as a few aspects regarding the 
transfer of technology in a world characterized by greater and 
greater globalization.  
 
 

Thoughts on growth 

The change in economic fortunes for Spain, England and the 
Netherlands began at the close of the 16th century. England and 
the Netherlands would flourish while Spain would be left 
behind.1 For more than 150 years, mercantilism would come to 
dominate as well as the idea that population growth should be 
encouraged. A challenging paradox at the beginning of the 18th 
century stated, that “a country’s greatest source of wealth is a 
large and poor citizenry well and thoroughly employed”.  
From the middle of the 18th century until the early 19th, food 

prices increased and people experienced difficulties supporting 
themselves and their families in large parts of Europe. The 
issue of bread would come to play a large role in the French 
revolution as well as during the initial stages of the industrial 
revolution in England. Supply and social conflicts would greatly 
influence the classical economic thinkers in England after 
Adam Smith. 
It is also possible from Smith to deduce the beginnings of a 

theory of economic growth and technological change emanating 
from the division of labour: 2 
 
• the increased ability of each individual worker, 
• savings in time which would otherwise be lost in the 

transition from one task to another, 
                                                
1 The section is based on a lecture Lars Herlitz gave at Chalmers in the 
spring of 2001 “Ekonomisk tillväxt som problem” and Herlitz (1980). 
2 For a discussion of the liberal labour division tradition, see Berglund 
(1982), p. 18ff.  
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• facilitated and speeded up innovation of new machinery. 
 
This reasoning was developed further by, for example, the 
English mathematician and economist Charles Babbage. He 
showed that the employer through a far-reaching separation of 
labour would not need to purchase workers with a greater 
degree of competence than was required for the specific task 
that they were to perform. Through applying his theory to 
Smith’s needle production and at the same time dividing the 
work force by sex, age and salary, Babbage showed that the 
production costs could be reduced as much as four times. 
Therefore Babbage is regarded as one of the predecessors of 
Taylorism and the scientific management movement.  
Babbage also noted that specialization within a few tasks 

made the combination of several tasks within one machine 
more difficult and that the worker’s detail expertise, therefore, 
had to be supplemented or replaced by a more ‘extensive 
knowledge’ regarding the operation of the machine in question. 
Innovations and improvements of already existing machines 
should therefore be moved to a separate department within the 
company. From now on it is possible to identify the embryo of 
an engineering group as part of the evolving separation of 
labour which now also begins to appear vertically.  
In the beginning of the 19th century, Thomas Malthus 

presented his theory that population growth would always 
outrun the food supply, and shortly thereafter David Ricardo 
presented his theory on diminishing returns and stagnation. It 
was expressed through the classical production function: O = 
f(L), where O stands for production and L for labour. Work is 
seen as the only factor of production. Another factor, land, is, 
however, present as an implicit constant. The variable work, 
therefore, gives a diminishing return, so that an increase in L 
gives a smaller increase in O. The marginal product of the work 
is decreasing over time and the scarcity of land eventually 
produces stagnation. This theory gave the Free Traders 
arguments to stop England from customs protection of its 
agriculture and instead import produce from areas where 
arable land was less scarce. 
The ‘heretics’ in this development of ideas were Karl Marx in 

the middle of the 19th century and the American Thorstein 
Veblen about 50 years later. Marx rejected Malthus’ principle of 
population and Ricardo’s theory regarding diminishing returns 
as rationalizations of poverty. Capitalism had, on the contrary, 
caused a hectic development of technology and production. But 
while it made the few who owned the means of production 
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richer, the working class was being exploited and impoverished. 
Marx’s general theory of economic development used terms 
such as productive forces (workers, tools, technology) and 
means of production (social conditions, property relations). The 
tensions between these two drive development from one phase 
in history to another. Veblen did not have Marx’s revolutionary 
ambitions but also focused on technology and social behaviour 
and opposed the engineers to the passive rentiers or the ‘leisure 
class’, i.e. the lazy capitalists. 
At the turn of the 20th century, a vast majority of the econo-

mic thinkers subscribed to the neo-classical production 
function: O = f(C, L), where the production results are part of a 
function of two independent variables, capital and labour. The 
two are partially interchangeable in the production process. 
Responses to the question, whether a combined increase in 
capital and labour on the basis of natural scarcity would meet 
the demands of diminishing yield, varied. The Swedish 
Malthusian Knut Wicksell answered yes, doubted the possibility 
of continued progress and opined that an increase in prosperity 
required a decrease in population. His opponent Gustaf Cassel 
proposed a model for growth where the population, capital, 
labour and production rose at the same rate and the factors 
therefore had constant yield. This model therefore produced 
zero growth.  
Around the middle of the 20th century, GDP was measured 

and found to be substantially higher than could be explained 
through the investment of capital and labour. A residual factor 
was introduced, so that the production function was O = A*f(C, 
L). R. Solow, who would later win the Nobel Prize, gave in 1956 
this residual factor the designation the technology factor. In 
actuality, the variable A replaces the constant that was an 
expression for the scarcity of land which had led Ricardo to his 
theory of diminishing returns. In the middle of the 20th century, 
it was thought that the development of technology had over-
come the obstacles of scarcity. 
The neo-classical theory is an equilibrium theory that wants 

to show how the development in prices restores the economic 
equilibrium after external disrupters have been introduced. It is 
possible to illustrate its conception of technology through the 
production function. The slant of the tangent at each point on 
the curve shows the so-called marginal substitution quota 
between labour and capital which can be equal to the relative 
price at minimum cost and when the system is in balance. If 
the equilibrium is disrupted due to, for example, increased 
scarcity in labour, then the relative price of labour will increase. 
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The company can achieve a new equilibrium through the 
substitution of capital for labour until the marginal 
substitution coincides with the new price. Such a change in 
technology is a movement along the production function, which 
is exclusively caused through changed prices, and which, 
thereby restores the costs minimum and the equilibrium. It is 
endogenous, i.e. explained through known changes, and 
thought to take place within the frame of existing knowledge or 
the technological horizon.  
The opposite is true for displacements in the production 

function, i.e. changes in factor A. They are interpreted as 
technological and as exogenous and thus unexplained by the 
theory’s known context. The existence of such a production 
function and the distinction between movements along and 
from it seem respectively improbable and impossible. The 
technology factor has meant that technological change has 
affected economic growth theory – but only as a name for 
something that remains unexplained. In the 1960s and 1970s, 
the residual in some branches explained 70-80 percent of the 
growth and several attempts were made to divide it up into 
components. 
Aside from the matter of technology, Marx and Veblen had 

both pointed out the significance of social conditions and 
institutions. Institutionalism was developed in economic growth 
theory at the end of the twentieth century.3 At the time, it was 
important to acknowledge that rational behaviour also had 
other restrictions such as knowledge, education, class and 
routines. The concept of institution as a changeable factor in 
economic growth then becomes very broad and encompasses all 
sorts of rules of the game: laws and ordinances, acknowledged 
conventions, moral codes, customs, social solidarity obligations 
and routines.  
An interest in discussions regarding the causes of economic 

growth in relation to technological change is thus both old and 
relatively new. Classical economic theory highlighted the 
importance of technological change for productivity and growth 
within crafts and industry even if a relatively narrow definition 
of technology was used. The division of labour was important. 
Neo-classical economic theory would see technology as 
exogenous in relation to the economy. Instead ideas about 
equilibrium, utility and profit maximization, and perfect 
competition would dominate.  
 

                                                
3 See e.g. North (1995). 
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The residual or ‘technology factor’ 

After the Second World War, a more active study of the factors 
involved in technological change and economic growth was 
undertaken. The world map had changed and former colonies 
had become independent from their European masters. Many 
had developed a sense of self as well as profited from the war 
and come to see liberation as an opportunity for economic as 
well as political independence. At the same time the 
Communist countries had established a developmental model 
with central planning and control that appealed to certain Third 
World countries, but was also considered a threat to the ‘free 
world.’ 
Studies focused on economic growth during the inter-war 

period, for example E. Denison, showed that significant parts of 
the residual or technological factor could be explained through 
advanced know-how and different economies of scale.4 Several 
researchers also pointed out the difficulty in connecting a 
specific innovation to changes in production growth. W.E.G. 
Salter opined that the time for a certain innovation did not 
necessarily need to coincide with a changed production result 
and that an observed increase could stem from an earlier 
technological change.5 P.A. David showed how different factor 
costs could postpone the breakthrough of new technology and 
that it was first after a certain level of costs had been reached 
that the consequences in terms of increased productivity were 
clearly visible.6 
Studies on economic growth during the 1950s were focused 

into two areas: the development of growth in history and the 
technology or residual factor and its constituent parts. Of the 
historical studies, S. Kuznets’ study should be mentioned. He is 
the man behind the modern concept of GDP. He analyzed the 
GDP of different countries from 1870 onwards and concluded 
that certain patterns were visible, such as:7 
 
• the overall increase in growth and per capita in connection 

with the initial phase of ‘modern economic growth’ (Modern 
Economic Growth = MEG), 

• the demographic transition from an increasing to a 
decreasing population during the industrialization process,  

                                                
4 Denison (1962). 
5 Salter (1960). 
6 David (1975). 
7 Abramovitz (1995), p. 35f. 
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• the gradual diffusion of modern growth from Great Britain 
to the United States, Europe, countries with European 
residents and Japan, 

• the long-term acceleration in economic growth, especially 
after the Second World War and a retardation during the 
past fifteen years, 

• the modified tendency to convergence in the degree and 
level of productivity in industrialized countries,  

• the many structural changes connected to growth, 
especially the transition in production and employment 
from agriculture to manufacturing industries, and from 
there to the service sector and public operations; as well as 
from rural to urban areas, 

• the increased importance of the public sector as an 
economic actor in production, investments, and income 
distribution, as well as a regulator for private operations, 

• the tendency for regression in production and productivity 
for special utilities and industries in combination with 
constant or even increasing growth figures in production 
per capita and the overall production of all industries 
combined, and thereby the associated transition in 
importance from older to younger branches of industry. 

 
The growth process associated with the industrial revolution is 
at the core of the historical analysis. There are characteristics 
of, for example, W. Rostow’s stage theory for economic growth, 
and from A. Gerschenkron, who studied the diffusion of 
industrialization and emphasized the degree of retardation in a 
given country.8 In comparison with Rostow’s theory, countries 
are not seen in isolation. Instead technology and capital can be 
moved freely between countries and continents. If the market is 
too small, the state can step in and stimulate demand, and 
then withdraw when the economy is self-sustaining and leave it 
in the hands of private interests. Gerschenkorn thus esta-
blished a substitution theory where the degree of retardation 
determines where investments should be made, while Rostow 
opined that certain given developmental stages must be gone 
through and that they set the framework or limitations for each 
nation’s ability to act.  
What is then the technology factor, the second investigation 

variable? Scientists, who studied the US in the 1950s, reached 
the conclusion that only a small portion of the country’s per 
capita growth could be explained by the total growth 

                                                
8 Rostow (1960); Gerschenkron (1952).  
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contributed per capita. The same conditions applied to the 
growth in labour productivity. A major part was dependent on 
the growth of the total productivity factor; i.e. something that 
could not be defined or measured.  
The elements that were thought to be part of the technology 

factor belonged to three main categories:9 
 
• Growth in ‘human capital’ through investments in higher 

education, on the job training, diet and health care, and 
research and development. The accumulation of human 
capital should tend to increase job efficiency in the same 
way as fixed capital, just as other conditions such as the 
age and sex mix in the work force and the intensity of the 
work should also affect the productivity of the work force.  

• Large-scale production benefits. Since the division of 
labour is limited by the size of the market, production 
profits are possible when the total production increases 
even if the knowledge base remains the same. Productivity 
can thus increase when the production rise for whatever 
reason, not only due to actual technological advances but 
also to growth in the labour force, the accumulation of 
capital or the discovery of new resources. 

• Better allocation of resources – i.e. a transfer of work and 
capital with normal quality from an operation where their 
income and probably their productivity is lower in 
comparison with other operations where they are higher. 

 
The most important co-operation occurs between the 
technological advances and the accumulation of real capital, as 
well as between the technological advances and the 
accumulation of human resource capital through e.g. education 
and professional experience. This leads to the importance of 
capital formation in society, the age of the capital stock, the 
comprehensiveness of the investments and their aim. The 
conclusion is that there must be co-operation between the 
accumulation of real capital, the increase in human resource 
capital in terms of education, and the advances made in 
technology. They reinforce each other and contribute jointly 
rather than separately to growth.  
The technology factor also includes new and improved 

products, rationalisation in existing production facilities, which 
comprises organisational changes in production, materials 
handling, etc., the closure of older facilities with lower 

                                                
9 Abramovitz (1995), p. 40f. 
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productivity, or the erection of companies with more modern 
equipment. Changes in production mix, improved marketing 
and the like are important components that affect the 
technology factor. To this should be added the qualitative 
changes in labour force, education, organisation, etc. as well as 
the co-operation between the factors of capital and labour.  
Analytical attempts that discuss the differences in growth 

between countries and epochs are still incomplete. The ‘black 
box’ has only been partially investigated and the 
interdependence between technological change and capital 
investments as well as between technological change and 
investments in human resource capital has been highlighted.10 
It has thus not been possible to explain the full contents of the 
box and in many cases innovations are still considered to be 
historical miracles.  
 
 

Industrial revolution or a drawn out process? 

N.F.R. Craft’s book on economic growth in England during the 
industrial revolution was published in 1990.11 The purpose of 
the book was primarily to discuss how the economy had evolved 
during the first industrial revolution, i.e. until the middle of the 
19th century.   
New research, such as E.A. Wrigley’s and R. Schofield’s 

calculations of population growth in England from the 16th 
century to the middle of the 19th, had made new interpretations 
of events possible.12 Within other research fields, new 
calculations regarding the occupational structure and income 
distribution had been made and supplemented by capital 
formation data.13 Other data on industrial production and 
growth had been adjusted and regional studies had received a 
more prominent place within research. 
Two types of economic change characterised Great Britain in 

the middle of the 19th century, and according to Craft, both 
were strongly connected to the concept of ‘industrial revolution’. 
One was structural in nature and the other was of a more 
technological character. The structural development meant that 
most of the population in the middle of the 19th century were 
employed outside agriculture, an effective resource allocation 
was clearly visible and investments were higher than ever, while 
                                                
10 Rosenberg (1982), p. 245ff. 
11 Crafts (1990). 
12 Wrigley and Schofield (1989). 
13 Feinstein and Pollard (1988). 
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at the same time the country had experienced a marked 
urbanization process. This structural change had, however, 
been achieved through a slow process not a revolution. It had 
been a long process during a period when annual growth was 
low but on the increase.  
The economy in England therefore developed along traditional 

lines until 1850 and the economic growth between 1780 and 
1820-30 was much slower than earlier research has asserted. 
Annual growth did not exceed 2 percent per annum until the 
1820s, i.e. 40 years later than P. Deane and W.A. Cole had 
asserted.14 Instead, the rate of increase first began to accelerate 
in the 1820s, and then only within a few sectors. 
The other factor, technological development, primarily in 

terms of the factory system and the steam engine, has also 
been exaggerated in earlier research according to Crafts. As late 
as the 1870s, steam was still mainly limited to the cotton 
industry, while other sectors of the economy had hardly 
experienced a technological revolution in the 1850s. 
Handicrafts still dominated the British economy and aside from 
the cotton industry and iron manufacturing, the factory system 
had yet to win substantial ground. The typical British worker in 
1850 was thus a craftsman, a day labourer or a servant.  
Even before the expansion of the cotton industry the economy 

was thus oriented towards manufacturing and growth, even if 
growth was slow. The industrial revolution had taken place 
without cotton and therefore the question of why England was 
first could not be easily referred to as a matter of the 
introduction of the factory system into the cotton industry. 
More convincing, according to Crafts, is instead the argument 
for a long-term structural change, which highlights the causes 
behind economic growth during the period. 
Another point in Crafts is the criticism against W.W. Rostow 

and his stage theory, which emphasizes the transfer of gains 
between the agricultural and industrial sectors.15 Crafts asserts 
that this process began very early in England and that the 
share of workers within the agricultural sector already in the 
mid-18th century was less than 50 percent.16 In the 1840s, 
work productivity in agriculture was almost as high as in the 
rest of the economy. 
It is, however, important to remember that the economy 

cannot be studied in isolation. England was very dependent on 
its foreign trade. This adaptation occurred while the economy 
                                                
14 Deane and Cole (1967).  
15 Rostow (1960). 
16 Similar thoughts have been expressed by Bairoch (1973), p. 452–506.  
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was based on a relatively low level of income and the country 
could begin to import cotton and produce. England could, 
therefore, increase its specialization based on comparative 
advantages, which could then be developed and strengthened 
during the period of free trade that began in 1846.  
The concept of the industrial revolution, therefore, becomes 

unclear and misleading, according to Crafts, who instead 
emphasizes a gradual development – at least from the 
perspective of a national level. Furthermore, the development 
cannot simply be seen as a matter of the economy, but must 
also be given social, cultural and political aspects.  
An important part in the formation of a theory regarding 

technological transfer thus has to do with the time perspective 
and the highlighting of more long-term factors involved in 
historical change. For D. Landes, this meant a journey also in 
terms of his own perspective on technological transfer. In his 
seminal work The Unbound Prometheus, he asserts, among 
other things that during the 1850s and the 1860s, Western 
Europe began to gain ground on England’s leadership.17 Partly 
based on Rostow’s stage theory, Landes states that the 
countries of the continent were far behind but initial steps had 
been taken early, which encouraged economic growth and 
technological development. He, therefore, feels that the 
foremost criticism against Rostow is the lack of a time 
perspective. The industrial revolution in France and Germany 
was markedly different from that in England not least because 
it began later on the continent:18 

 
So that while taxonomically Britain was still far more 
advanced than her continental emulators around 1870, was 
“mature” where they were “immature”, in terms of capacity 
to grow her lead had disappeared. As a result of a 
generation of drastic institutional changes and selective 
investment, the nations of Western Europe now had the 
knowledge and means to compete with Britain in certain 
areas on an even plane... Face to face with opportunities for 
growth and development, they were as free – perhaps freer – 
to pick their methods and opportunities. Their very lateness 
now turned to their advantage. In the jargon of sports, it was 
a new race. 
 

In later articles, Landes discusses why Europe developed first 
and then he specifically analyzes England.19 What ensured 

                                                
17 Landes (1972). 
18 Landes (1972). 
19 Landes (1998) See also Jeremy (1991). 
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Europe’s success Landes attributes to three primary factors. 
Firstly, he emphasizes the early growth of independence in 
research in combination with secularization, a change that was 
not in contradistinction to the power of the Church.  
Secondly, the scientific methodology of systematicity and 

careful observation is highlighted. The combination of 
observation, experiments, verification or confirmation, 
mathematical or other powers of deduction, now form the basis 
of knowledge acquisition. The results would also come to be 
protected and encouraged. An area that fostered these ideas at 
an early point in history was astronomy, but it was not until 
the end of the 16th century that Galileo Galilei’s experiments 
were systematized.  
The third element in Western European development was 

when the discovery of invention took place, i.e. when the 
research process was subject to routines as well as a diffusion 
of its results. The exchange of knowledge was further facilitated 
by the introduction of the printing press and the reorganization 
of the postal services in Europe. Scientific societies were 
established during the 17th century and journals published the 
results of research for a broader audience. 
The first area where these three preconditions came into play 

was energy. The steam engine has a long developmental history 
with a number of experiments taking place from the early 17th 
century. Everything took time and explained why the industrial 
revolution had to wait. The technological base was not yet in 
place. The three preconditions for progress needed time before 
they could work together. 
From a short-term perspective, these factors were 

insufficient. Technology and science could not create an 
industrial revolution by themselves. According to Landes, the 
causes are instead to be sought within agriculture, where 
successively increased productivity facilitated the delivery of 
produce to a growing urban population. This process began in 
the late middle ages when the ownership of land passed into 
private hands and enclosures were introduced. The early 
transformation was linked to sheep-farming and wool 
production. During the 18th century, enclosures again became 
common but now the focus was on grain production. 
The gradual commercialization of the agricultural sector was 

thus a prerequisite and meant that land owners and tenants in 
England were interested in increasing production and in 
employing day labourers. Property rights were clarified early. At 
the same time, the landed nobility and the Church were not in 
conflict with the middle class (the merchants) as they were on 
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the continent. The landowners united with the industrial 
groups as the agricultural sector became capitalistic at an early 
stage. In the beginning of the 18th century, England was well on 
its way toward industrialization. Cotton manufacturing was 
localized in rural areas and formed a base for economic growth 
and social change.  
England thus had the developmental capacity, but what had 

made this possible? It is not enough to point to material 
causes, according to Landes, instead cultural factors and 
institutional conditions also must be considered. In order to 
illustrate what he means, Landes describes and ideal model, 
which has historically promoted development and economic 
growth:20 
 
• Know how to operate, manage, and build the instruments 

of production and to create, adapt, and master new 
techniques on the technological frontier. 

• Be able to impart this knowledge and know-how to the 
young, whether by formal education and apprenticeship 
training. 

• Chose people for jobs by competence and relative merit; 
promoted and demoted on the basis of performance. 

• Afford opportunity to individual or collective enterprise; 
encouraged initiative, competition, and emulation. 

• Allow people to enjoy and employ the fruits of their labour 
and enterprise. 

 
To guarantee these rights a society with a high degree of 
political and social competence is required, and that guarantees 
property rights and encourages personal savings and 
investments. Legal governments must be able to force citizens 
to accept contractual rights and even if such a society is a 
utopia, many of these circumstances were evident in England 
and it was also a united nation. There is still controversy as to 
when these tendencies began to appear but that the 
development is gradual from the Middle Ages onwards is clear.  
In this way, Landes’ ideas have approached a theory of 

institutions, which replaces the earlier description of the 
industrial revolution as a dramatic process, where industry is 
spread like rings upon the water to the rest of Europe and the 
Nordic countries. ‘Industrial revolution’ as a concept loses its 
meaning and becomes misleading. It is also apparent that 
Landes in his earlier articles is looking for models and 

                                                
20 Landes (1998), p. 217. 
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assumptions, which can be tested in developing economies 
today.  
 
 

Changed relative factor prices and technological diffusion  

During the 1960s and 1970s, there was a lively debate on the 
focus of the history of technology in the journal Technology and 
Culture.21 In an article from 1970, G.H. Daniels analyzed the 
research in American history of technology. He opined that the 
research had neglected the ‘big issues’ and not least the 
connection between technology and social change.22 Technology 
had earlier often been seen as a precursor to social change and 
development was seen as a race in which the institutions 
attempted to catch up with the technical realities.23 Techno-
logical development and change had been made possible 
through scientific progress, but it was also seen as separate 
from the rest of the developments taking place in society. This 
phenomenon is commonly referred to as technological 
determinism.  
This way of observing technology and technological 

development became questioned in the 1960s in the US by e.g. 
the economist J. Smookler.24 Through the study of different 
industries within the US economy, he found almost no support 
for the thesis that technological development could occur 
autonomously and separate from the rest of society:25   

 
New goods and new techniques are unlikely to appear, and 
to enter the life of society without a pre-existing, – albeit 
possibly only latent – demand ... in addition to cultural lag, 
there exists technological lag – a chronic tendency of 
technology to lag behind demand. 
 

Daniels has used Smookler to expand the concept of ‘demand’ 
and aside from social needs, he has also included ideological 
factors such as attitudes, values and culturally determined 
perspectives.26 The hypothesis was tested on the American 
industrialization process during the second half of the 19th 
century.  

                                                
21 Olsson (1980). 
22 Daniels (1970). 
23 This argument goes back to W. Ogburn’s seminal work Social Change 
with Respect to Culture and original Nature published in 1923. 
24 Smookler (1966). 
25 Smookler (1962). 
26 Olsson (1980), p. 14f. 
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Daniels takes his point of departure in Habakkuk’s famous 
article from 1962, where late 19th century development in 
England is compared to that of the US.27 The reason why 
American industrialization had then caught up with and even 
surpassed the ‘undeveloped’ Western European countries was 
based on an argument of scarcity of labour in relation to 
capital/land in the US. This, in turn, led to innovations that 
decreased the need for labour. Thought processes like this are 
recognizable from neo-classical theory, where an reciprocal 
change in relative factor prices arises as a consequence of 
scarcity in one production factor, such as a lack of labour in 
the US. 
Daniels argues that factor price explanations as the cause of 
American technological superiority only partially explain 
historical events. Technology in the US was not only less labour 
intensive but had other qualities, which were aimed towards 
mass production. Then how had this technological superiority 
appeared? C. A. Olsson has summarized Daniels’ criticism in 
five points:28 
 
• Import of both technology and educated people into the US 

was already a fact in the early 19th century and the level of 
skilled craftsmanship was therefore high. 

• The interest in English technology was great in the US, 
while the English neglected American successes. 

• American technologists and engineers often went to 
Europe to study. 

• The technology was made more market-oriented and 
cheaper in the US. Consumer driven development 
facilitated development for a broader spectrum of uses. 

• The unification of the US in the 1860s was important for 
the development of technology rather than the reverse. The 
basic values (the institutional factors) were a precondition 
for the growth of ‘the American system of manufactures’. 

 
If Daniels argues against the earlier ‘technological determinism’ 
within research, he is himself accused of ‘value determinism’, 
where social development sets the framework for what 
technology will be introduced. “The direction in which society is 
going determines the nature of its technological innovations.” At 
the same time, the values themselves are given many 
interpretations and meanings. 

                                                
27 Habbakkuk (1962). 
28 Olsson (1980), p. 15f. 
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Using E. Layton as a support, Olsson instead presents a 
‘third point of view’ on the issue of the relationship between 
technology and society:29 

 
Certain social forces may lead to a technological innovation, 
which in turn may cause some social changes, and these 
may then produce new technological and social 
developments. I see no difficulty in the assumption that 
technology and society mutually influence each other. 
 

Pointing to the complexity in connection with technological 
transfer is not new, but marks a distancing from simple causal 
relationships and narrow arguments connected to factor prices.  
Even N. Rosenberg takes examples from the US but also from 

Japan, which, he argues, chose different paths during the early 
industrialization era and which both later became prominent 
industrial nations in the 20th century.30 America’s dependence 
on European technology was founded during the colonial 
period, but was not complete. Though European know-how was 
extended, the US was better placed in terms of natural 
resources such as land, iron, wood and coal, as well as having 
access to a larger domestic outlet market.  
Rosenberg argues further that one of the explanations behind 

the specific developmental pattern in the US was the central 
role of the capital goods industry in the American 
industrialization process. These industries became learning 
centres for e.g. the engineering industry, which developed the 
system with exchangeable parts and increased standardization, 
which in turn was a technology that was gradually adapted to 
other parts of the economy:31 

 
In America the relationship between makers and customers 
contributed to an interchange of information and a 
communication of needs to which the machinery producer 
gradually learned to respond in highly creative ways. At the 
same time, the machine user learned to rely with increasing 
confidence upon the judgement and the initiatives of the 
machine supplier – a judgement which was justified by an 
increasingly intimate knowledge, on the part of the supplier, 
of customer needs and effective ways of catering to these 
needs.  
 

Rosenberg uses the model with different factor prices but this 
model is linked both to supply and demand. The economic 

                                                
29 Layton (1970), p. 29. 
30 Rosenberg (1997), p. 127ff. 
31 Rosenberg (1982b), p. 14.  
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environment during the first half of the 19th century was 
strongly marked by the dominant role of agriculture. The ample 
access to natural resources supported the creation of ‘the 
American system of manufactures’ and the relative price 
structure in the US was clearly more conducive to the 
introduction of manufactured goods than the situation in 
Europe. 
The incentive structure on the supply side was also 

different:32 
 
The pressure that America’s unique set of resources 
produced, however, led to research activities and (further on) 
to learning experiences, results which cannot be summarized 
in effects according to factor utilization or factor 
retrenchment. This also led to new patterns of specialization 
and division of labour between the companies – especially 
between producers and consumers of capital goods. This, in 
turn, led to the development of a greater technological 
dynamism and creativity in the American economy than in 
other industrialized economies during the second half of the 
19th century. 
 

According to Rosenberg, progress leads to a dynamic 
interaction between different forces, a dialectic process, where it 
becomes hard to distinguish between cause and effect. 
Japan adopted Western technology under completely different 

circumstances, and without direct involvement of foreign 
companies or capital. Instead, the Japanese often bought older 
equipment that was used at a higher intensity and for longer 
hours. The Japanese choice in technology was compensated by 
a surplus of cheap labour, which gave cost benefits in the long 
term when the system had matured and the production 
technology had stabilized.  
The example of the Japanese highlights two phenomena when 

it comes to a country’s ‘choice’ of technology. A country must be 
capable of adopting, modifying and changing imported 
technology to succeed. Furthermore, the import of technology 
does not need to be negative in the long term for the recipient 
countries. On the contrary, history has shown a number of 
examples of the opposite effect. The conditions for this may, 
however, vary. In Japan, a more labour-intensive, small-scale 
production was developed, and the use of Western technology 
was highly selective.  
Sweden can be seen as a third example of the difficulties in 

using a narrow factor argument to explain technological 

                                                
32 Rosenberg (1997) p. 135f. 
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development in combination with economic growth. Sweden 
had, like the US, easy access to natural resources, but in 
contrast with the US, Sweden also had low salaries and a 
surplus of labour. Still, Sweden chose to invest in capital 
intensive expansion of the industry in combination with 
government investments in infrastructure and an adaptation to 
international conditions. The next section will deal with this 
more in detail.  
In the discussion regarding the proportional relationship of 

different factors, the production of iron has often been used as 
an example and not least the introduction of coke in the 
production of pig iron. In the beginning of the 19th century, 90 
percent of England’s blast furnaces used coke instead of 
charcoal, while the US had only reached a 10 percent share by 
the time of the Civil War. Researchers, at the turn of the 
century, sought an explanation for this lag in the easy access to 
charcoal in the US and the fact that the master smiths had yet 
to realize the advantages of coke.  
This interpretation was questioned by L.C. Hunter in an 

article in 1929, and has since been developed further by P. 
Temin.33 Hunter showed that charcoal might be more expensive 
than coke for pig iron production, but it gave a qualitatively 
better iron than when coke blends were used. The smiths acted 
rationally and chose charcoal. The low price of coke iron on the 
market did not cover the introduction of the new technology. 
However, after the Civil War, the use of coke in American 

blast furnaces increased. According to Hunter, the explanation 
for this was a change in the demand from small-scale 
production adapted to agriculture, to a large-scale industrial 
production of primarily iron rails. This form of mass production 
could be adapted more easily to and was more tolerant for low-
quality iron.  
Temin linked instead the explanations to the change in 

supply and the gradual improvement of quality in coke iron 
through the introduction of e.g. the Bessemer process. When 
the price of pig iron produced with coke rose to the same level 
as charcoal iron or anthracite – a common type of coal in the 
US with better characteristics than charcoal – the demand for 
pig iron could increase.  
Changes in the supply curve for pig iron produced with coke 

thus explains, according to Temin, the increased use of coke in 
American blast furnaces after the Civil War. The expansion of 
infrastructure also facilitated the exploitation of other coal ore 

                                                
33 Temin (1971). 
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deposits while at the same time the expansion of the railroad 
was a market for the new qualities of iron. The last statement 
is, however, controversial but it is not a prerequisite for the 
argument of supply-driven development.  
 
 

A Swedish model for technological change 

With regards to Sweden, Lennart Jörberg has presented a 
model for technological diffusion, where the development is 
described in terms of a transfer of knowledge and technology 
from the centre to the periphery.34 The centre consisted of Great 
Britain and the periphery of e.g. Sweden, where the technology 
was adapted to the changed market conditions, differences in 
factor equipment, relative costs and the social and institutional 
framework within which the companies were working. The 
relatively late industrialization in our country thus set the 
frame and technology had to be adapted to the existing national 
preconditions.  
For Jörberg the diffusion of technology is closely linked to the 

market, i.e. a new, more effective technology appears as soon as 
the relevant costs and prices make the innovations profitable. 
For this reason, the Swedish adaptation process was initially 
slow but turned into a fast-paced, cumulative industrialization 
process at the end of the 19th century. After the 1870s, the 
merchant houses lost their earlier positions of dominance as 
financiers and business founders, while at the same time 
foreign imports of technology changed character as more and 
more eyes focused on the US and their less labour-intensive 
technologies.  
In his study, Jörberg refers to Erik Dahmén, where the 

concepts market demand/decline (marknadssug/krympning) 
and transformation pressure (omvandlingstryck) are important 
elements in the analysis scheme to describe business 
operations and technological development.35 Market demand 
comprises what the companies in the studied industry perceive 
as an increase in demand for a product without specific 
measures having been taken within the studied industry itself. 
A decline in the market can occur to a comparative degree 
without pressure from the companies. Changes of this type may 
occur due to population factors, political measures in the 
economy, or increased competition from companies in other 

                                                
34 Jörberg (1983), p. 235-248. 
35 Dahmén (1980). 
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branches. Similar changes can thus be of a contractive or 
expansive nature and are referred to by Dahmén as 
transformation pressures. 
Another concept that Dahmén uses is developmental blocks 

(utvecklingsblock), which is described as follows:36 
 
... a series of events in a business, in technological 
development (incl. innovations), where the different links 
(stages) in a tangible way are causally connected or 
dependent on each other. Incomplete “blocks” can, under 
certain conditions, have expansive effects. Under other 
circumstances they may create crises, e.g. because the time 
perspective and expedients of the company and the 
financiers have become shortened. One or more of the links in 
the block may no longer be operationally profitable. 
 

A basis for the concept developmental block is also 
complementarity, i.e. different levels of inertia or leaps within 
development.37 Innovations create new complementarities or 
dependencies between specific characteristics in different areas 
of society. Within the economy new complementarities are 
created between different companies and branches, between 
production and infrastructure, between processes and 
knowledge.  
During the transformation process new developmental blocks 

are created, but the elements are not in a state of equilibrium. 
Bottlenecks and tensions appear in the system and demand 
investments in order to create new competence, new operations, 
new infrastructures, new laws and new rules. Imbalances 
impede, for a time, the effectiveness of the whole block and lead 
to a demand for more long-term investments. The 
developmental blocks that accompanied the growth of the 
automobile industry in the 1930s and the introduction of the 
microprocessor in the 1970s are examples of this.  
From this perspective, the diffusion of innovations and the 

different actors involved in the developmental block can be 
studied and analyzed, i.e. primarily the entrepreneurs, the 
businesses, the banks, governments and organizations. Actors, 
who represent renewal in one phase, may thus represent the 
retrograde elements in another. At the same time, this view of 
the background makes the pattern in the development since 
industrialization apparent; there have been cycles of phases of 
alternating crisis and recovery. 

                                                
36 Dahmén (1980), p. 49. 
37 Schön (2000), p. 21f. See also Dahmén (1950). 



 41 

According to Dahmén, the struggle between the old and the 
new, which is central to all industrial transformation, is also 
the basis for all change. Technological development with its 
underlying business operations plays a major role, as do the 
changes within the structure of industry and markets with their 
reactions in demand and supply.  
Lennart Schön builds on the work of Dahmén and has 

attempted to answer the question why Sweden developed a 
more capital intensive and labour saving technology by 
analysing the development from a long-term structure 
perspective.38 Already in his thesis, he was able to assert that 
the early development of the textile industry was closely 
connected to changes in rural social structures.39 Demand 
within the textile industry passed through a period of social 
displacement, which had its basis in the transformation of the 
agricultural sector and thereby in a change in real income. A 
number of operations tied to agriculture (proto-industries) 
made it possible to work more continuously all days during the 
year and wage labour could develop within agriculture.40 The 
change in purchasing power was a result of the increased 
commercialization of agriculture and the expansion of the 
domestic market before the breakthrough of the export 
industry.  
The preconditions for the fast growth of the cotton mills was 

primarily due to the changed demand structure and the focus 
on simpler yarns as well as the changes this necessitated in 
technological equipment and production. The first textile 
machines were generally produced in Sweden, but during the 
1850s machine equipment was imported from England as the 
relative price of labour and real capital had changed:41 

 
The rising relative price of labour was ... partially an 
expression of the changed income relations during the 1850s. 
It contributed to the technological change at the mills and to a 
new localization. In the short term, it created a sharp 
increase in the demand for cotton yarns. However, it also 
contributed to the development of factory weaving ... and, 
thereby, to the changed market for the cotton mills at the end 
of the 1850s. It can thus be said that the expansion and 
transformation of the cotton mills during the 1850s was 
caused by two disparate conditions that had become aligned 

                                                
38 Schön (2000). 
39 Schön (1979). 
40 Schön (1982. 
41 Schön (1979), p. 108. 
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– technological development within England’s machine 
industry and social changes in Sweden.  
 

Schön is also critical towards Landes’ description of 
technological diffusion to the continent, and that it lagged 
behind English mechanization. Instead, he asserts, that Landes 
overrated the degree of early English mechanization and that 
the new technology therefore quickly gained ground when the 
rest of Europe from the 1830s on began to demand simpler 
textiles while mechanization was simultaneously working to the 
advantage of the new technology. Competition from England 
was primarily about the finer textiles, which had only a limited 
market in Sweden, while developments and mechanization took 
off when the domestic Swedish market began to demand 
simpler materials. This adaptation of the market took place 
parallel with the developments in England and despite strong 
competition from abroad. This meant that the options for 
technology were limited and that Sweden was forced to be at 
the front lines in order not to lose ground to its competitors.   
In the 1830s, the continent experienced the English 

industrial revolution in the form of increased competition. The 
factory system in combination with commercialized agriculture 
had gradually matured in England and was spread to the 
continent. This created points of departure for further 
industrial and economic development. In this process, tensions 
between the old and the new were inevitable and led to the 
crises in 1848 across Europe. This ended the first phase of 
industrialization and laid the framework for the actions of the 
rest of the nations.  
Historically, Schön means that human labour has 

successively become more and more productive. The basic 
reasons for this are to be found in three factors: institutions, 
innovations and investments. These three factors participate in 
a dynamic interplay, which has generated economic growth 
through industrial capitalism. Behind the interplay, there are a 
number of actors in the form of individuals, but also 
companies, governments and organizations, who have invested, 
brought in new innovations or changed customs and thereby 
affected the rules of the game. This has, in turn, created 
conditions and structures, which for a time have formed the 
foundation for growth. 
Growth and transformation are interconnected but also 

contain contradictions. Stability and change exist in this type of 
contrasting relationship. Growth is dependent on stability 
because otherwise it is hard to set up durable relations of 
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exchange, expansive markets, long term investments and 
innovative ventures. Fixed rules create this stability. 
Organizations appear around the government, the companies 
and the different markets, that contribute to maintain this 
stability. Growth is dependent on stable structures and 
institutions.   
Growth through investments and innovations continually 

create changed circumstances. With expanding markets, new 
technology and increased income, the value of productions and 
costs, i.e. the price structure itself changes. Old operations 
become unprofitable and new ones evolve. Institutions that 
earlier promoted change may now appear as obstacles. Growth 
demands transformation in direction, in organizations and in 
regulatory frameworks.  
History has also, in contrast to economic theory, shown that 

there has rarely been equilibrium over time. Instead, long 
periods of rapid change have alternated with periods 
characterized by stability; periods of greater transformation 
have alternated with periods of rationalization. Why is this and 
how are these alternations to be explained? 
One way of explaining periodic alterations between 

transformation and rationalization and between change and 
stability can, according to Schön, be found in the concept of 
complementarity. This exchangeability has two aspects:42  

 
On the one hand, there is a functional aspect, which means 
that there is a dependency relation between specific 
characteristics or functions within different operations. A 
specific resource is needed and cannot be exchanged for any 
other resource. It takes time and requires effort to change 
characteristics and needs. The interchangeability between 
different resources is thus limited. Complementarity means 
that the economy is less flexible.  
On the other hand, a complementary relation becomes 
something different and more than the sum of its individual 
elements. In this complementary association, new knowledge 
is developed. Sometimes this occurs very quickly. Changes 
may also occur, for a time, in leaps. 
 

Complementarity exists between the production and 
institutions. Laws and rules can promote or disadvantage the 
provision of knowledge, co-operation between branches, 
investments of the type required, actions on new markets, etc. 
Furthermore, it takes varying amounts of time for these 
complementarities to develop and be provided for.  

                                                
42 Schön (2000), p. 21f. 
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Schön launches a developmental model, which shows how, 
during the initial stages of the long developmental periods 
‘swarms’ appear of the new expansive innovations 
(developmental blocks). Basic innovations, which revolutionize 
the conditions in production and consumption and which lead 
to new investments are part of every rise in the economy. The 
steam engine and then the railroad, internal combustion 
engines and the car, the transistor and computer technology, 
are all examples of such innovations. When the innovations 
have been implemented in a greater number of areas and the 
technology has been refined the marginal yield from further 
investment drops for the companies and the marginal use of 
further purchases declines for consumers. Competition is 
heightened and profit is reduced. In this situation, the room for 
expansive, capacity seeking investments is decreased and 
replaced by cost reducing rationalizations. The economy is 
headed toward stagnation.  
Every rise is preceded by a structural crisis such as those in 

the 1840s, 1890s, 1930s, and 1970s, when older structures are 
broken down and the foundation is laid for renewal. Initially, 
the expansion is limited to the domestic market, new 
companies are created, and investments increase in 
infrastructure, buildings and constructions. Bottlenecks 
appear, which in turn require new investments. Institutional 
change must take place to support the changes.  
After a time, the demands for international integration 

increase, the export market becomes more important, less 
viable units or ‘fortune hunters’ are eliminated. Competition is 
strengthened. Institutional rules are created, which promote 
the mobility of capital, labour, and goods on an international 
market.  
When the structural transformation processes reaches a 

phase of maturity, a period of structural rationalization begins. 
Company profits decrease and investments are made on a 
short-term basis with the purpose of rationalizing. This phase 
is marked by an increase in revenues and increased 
consumption, a rise in imports, and capital export to areas with 
a higher yield. In the long run, this leads to a debt crisis and a 
structural crisis connected to the international market. 
Structural rationalization brings within itself the embryo for 
new innovations, which can help shape the introduction of the 
next rise in the economy.  
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Catching up and convergence 

The connection between different rates of growth in different 
economies has lately been analyzed in terms of ‘catching up’.43 
After the Second World War, many countries could imitate the 
technology that had already been produced by the US. This was 
true both for production methods and for organization in 
business and for the sale of products. The US was seen as the 
leading nation while other industrial countries were followers 
who now had the opportunity to gain lost ground. The 
discussion would also look for explanations as to why the 
liberation of the developmental countries did not produce 
similar patterns of economic growth.  
The hypothesis regarding convergence between the 

productivity growth in different countries is based on a 
potential for progress being inherent in one country lagging 
behind in terms of economic growth. In a longer historical 
perspective, this is in inverse proportion to the rate of growth at 
the beginning of the period. The greater the technological gap or 
lag was, the greater the possibility for the latecomers to 
increase the rate of growth – if all the other variables are equal. 
The country at the forefront of development is assumed to be in 
possession of the latest technology, the most modern capital 
stock. The latecomers, on the other hand, have an outdated 
technology, but this gives them the opportunity to gain ground 
faster if they are, from the beginning, already far behind. 
Gradually, the opportunities to imitate and grow will be 
weakened as the catching up process continuous. Abramovitz 
makes a few clarifications to these assumptions:44 
 
• The same technological opportunity that permits rapid 

progress by modernization encourages rapid growth of the 
capital stock partly because of the returns to 
modernization itself, and partly because technological 
progress reduces the price of capital goods relative to the 
price of labour... 

• Growth of productivity also makes for increase in aggregate 
output. A broader horizon of scale-dependent technological 
progress then comes into view. 

• Backwardness carries an opportunity for modernization in 
disembodied, as well as in embodied, technology. 

                                                
43 This argument is based on Abramowitz (1986). See also Abramowitz 
(1995). 
44 Abramowitz (1986), p. 387. 
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• If countries at relatively low levels of industrialization 
contain large numbers of redundant workers in farming 
and petty trade, as is normally the case, there is also an 
opportunity for productivity growth by improving the 
allocation of labour.  

 
A technological lag is not a coincidence and it does not 
guarantee that a country will start the process of recovery. 
Social structures are determinative and affect the possibility of 
change, and Abramovitz opines that a country’s ‘social ability’ is 
decisive for its potential to achieve rapid growth. A country, 
which is technologically backward, must in order to achieve 
growth be socially rather advanced and have very viable 
institutions. 
What is then social ability? Abramovitz points to technical 

competence and the general level of education as well as 
various social and cultural factors. These preconditions were in 
place in Japan and Western Europe after the war. At the same 
time, Abramovitz emphasizes that industrial and institutional 
patterns can appear very different in different countries, which 
is why their ability to adopt new technology also varies across 
time and space. 
It is thus a combination of the technological and social 

ability, which determines a country’s potential or capacity to 
catch up. Development is thus characterized by the interplay 
between, on the one hand, technological and social factors of 
change, and on the other hand, by the quantitative growth of 
the production factors. The long-term perspective is thus in 
focus but in order to achieve convergence a number of other 
factors must be in place. Knowledge diffusion must be 
facilitated, structural obstacles to economic growth minimized, 
and free mobility of capital and labour must be encouraged. 
Macro-economic policies must be aimed towards stimulating 
investments and demand within the society.  
According to Abramovitz, the differences between countries in 

levels of growth thus creates the potential for a subsequent 
levelling, if the countries have the social ability to acquire the 
technology held by the leading nation. Institutions and human 
capital, however, develop slowly and therefore limit the 
potential for action and the ability to appropriate novelties. The 
model is general and does not respect individual countries, 
where development may vary considerably. There are also 
exogenous variables, which are not explained in the model, e.g. 
dramatic events such as war, political turbulence, etc. The 
model also gives little space to growth connected to more 
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autonomous technological creativity. Other changes are, 
however, directly connected to the catching up process; 
competitive trade may make successful inroads into the leading 
countries possible, or social and political circumstances may 
create obstacles for the adaptation to new circumstances.  
Western Europe established technological leadership at an 

early stage, and this was further strengthened after 1950.45 The 
most fundamental of this leadership was when Europe began to 
exploit the natural resources in a more rational and scientific 
way during the 17th century. The feudal obstacles to individual 
rights, e.g. property rights and the purchase of land were 
abolished, contract laws was introduced and institutions which 
promoted growth were gradually established. 
The growth boom in post-war Europe was, however, not 

caused by technological change but by and large through the 
catching-up phenomenon. For several centuries, Europe had 
lost ground to the US, the country that was the technological 
leader at the end of the 19th century. There was nothing 
automatic about this since nothing happened after the First 
World War and the breakthrough after the Second World War 
was, by and large, a result of political decisions in the form of 
increased international co-operation, more liberal trade, and 
the internationalization of the capital market. The boom was 
the greatest in the countries, which during the inter-war period 
had been exposed to harsh regulations and political control of 
their economies.  
Around 1973, the per capita income and labour productivity 

between the industrialized countries converged or were levelled 
out. This was natural as the institutions of many countries and 
their manner of running their political economies also 
converged. The downturn in the economies after 1973 was 
primarily caused by three factors, inflation, which followed the 
extended boom, the breakdown in the payment system and the 
reduced credibility of the dollar, and the shocks in the oil 
industry. To this can also be added the dismantling of 
Keynesianism and increased unemployment in the structural 
transformation process, which also began in the 1970s.  
A historical application on the theme of technological 

diffusion and time is approached by Charles Kindleberger.46 In 
a comparison of the development in England and on the 
continent, he is critical to earlier explanations regarding 
technological diffusion in terms of catching up. Nor can modern 
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46 Kindleberger (1999). 



 48

development countries and their failure to catch up be 
explained through a lack of ‘social ability’ (Abramovitz bases 
this on the average annual time spent on education) or other 
vague assumptions.  
Instead Kindleberger starts with the technology itself and 

studies the diffusion of British technology to the continent from 
the middle of the 19th century when Germany and France had 
all but caught up. The issue then is if the diffusion was 
particularly rapid, slow or varied with regards to branch, time 
and space:47 

 
The economic growth of a country – and its absorption of 
foreign technology, given enough initial social capacity – 
tends to follow an S- or Gompertz or logistic curve, starting 
slowly, picking up speed, and eventually slowing down. 
 

The idea originates from A. Marshall and his comparisons 
between English and German industry, and has similarities 
with Rostow’s stage theory, but without his clear demarcation 
lines and the last stage of mass consumption:48 

 
Technological change, including imitation, adaptation, 
improvement, independent invention, and innovation, 
followed by a slowing down in technical creativity, is of 
course only one dimension of the growth curve, and is 
matched in rough parallel by comparable profiles in savings, 
productivity, responsiveness to market stimuli, monopoly 
formation, consolidation of economic interests, acceptance of 
risk, etc. 
 

Before 1600, England was dependent on technology from the 
continent, but during the next century technological diffusion 
occurred in both directions. In the discussion whether it is 
possible to talk about an ‘industrial revolution' or not, 
Kindleberger opines that Crafts is right when he points to a 
gradual development in history. From a technological 
perspective, it is, however, possible to talk about a revolution. 
In this, Kindleberger bases his information on data on the 
number of patents, which increase dramatically from 1766 to 
1775. 
Kindleberger uses innumerable examples to show how 

technology was then spread to the continent by craftsmen and 
travellers, who visited England. Not even the wars in Europe 
could stop development and after the Napoleon wars, many 

                                                
47 Kindleberger (1999), p. 121. 
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went to England to study, e.g. Jean-Baptiste Say and Sismondi 
de Sismondi. The forms for technological diffusion were 
plethoric: espionage, travel, machine imports (open or through 
smuggling), contracts with craftsmen or through the attraction 
of entrepreneurs.  
The rapidity of technological diffusion varied and according to 

Kindleberger, agriculture was the sector that lagged most on 
the continent.49 Industry, however, showed a different pattern, 
partially dependent on who was the purchaser. J. Mokyr argues 
a rapid adaptation, while Landes emphasizes a more gradual 
process.50 Regardless of which interpretation is supported, 
Kindleberger sees a certain pattern in the development:51 

 
If technological change follows a Gompertz or S curve, with 
different S curves in different industrial lines, and perhaps in 
different regions, one would expect catching up to be slow in 
initial stages, to speed up later, perhaps slow down again, 
but with considerable variance. 
 

Mokyr also has, with reference to D.S.L. Cardwell, noted that 
no nation in history has ever succeeded in being technologically 
innovative for a particularly long time.52 Cardwell goes a step 
further and states that when a country goes into recession 
another immediately takes its place. Since Cardwell argues that 
the native countries of technology have been located in Europe 
during the past 700 years, his arguments have not been 
uncontroversial. Kindleberger means that ‘Cardwell’s law’ can 
naturally be questioned through the more organized research 
conducted within modern companies and the changed 
character of educational training, as this has led to the more or 
less constant renewal of technology. Opposition towards change 
is, however, always present and therefore the hypothesis of a 
‘creativity curve’ or S-curve for technological development at a 
national level is possible.  
 
 
 
 

                                                
49 Similar statements about technological diffusion within agriculture have 
always been met with scepticism from historians. It has more to do with 
structures and ownership of land connected to technological change than 
“conservative” farmers.  
50 Mokyr (1990). 
51 Kindleberger (1999), p. 130. 
52 Cardwell (1972). 
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Institutional theory 

During the 1960s, a new school within economic history 
evolved in the US under the heading the ‘new economic history’ 
or cliometrics, i.e. research, which combines economic theory, 
quantitative methods, hypothesis evaluation, contrafactual 
alternatives, and traditional economic historical technology in 
order to explain economic growth or recession. Through 
combining theory and quantitative methods and by using the 
new data technology with collecting and storing information in 
large databases, R. Fogel and Douglass C. North became 
representatives of the new school – and won the Nobel Prize in 
1993.  
During the 1980s, the Royal Academy of Sciences had tried to 

broaden the area of economic research that was promoted and 
Nobel Prizes began to be distributed to those who worked in the 
border areas of national economy shared by other disciplines, 
such as J. Buchanan, R. Coase and G. Becker. Buchanan led 
the school of public choice, Coase and Becker studied the role 
of institutions. Fogel’s most well known study treated the role of 
the railroads in the American economy.53 Earlier research had 
emphasized the importance of major inventions, not least the 
important role of the railroads for economic development. Fogel 
rejected this hypothesis and asserted that the sum of many 
small independent technological changes rather than a few 
large innovations was determinative for economic growth. 
Through the use of the contrafactual method he calculated that 
the effect of the railroad on GDP growth in the US was less than 
three percent. 
Fogel’s second work gave rise to greater interest and was 

focused on American slavery as an institution and on its role 
for the country’s economic development.54 Together with S. 
Engerman, he asserted that the established opinion of slavery 
as an inefficient, unprofitable, and pre-capitalist organization 
was erroneous. The system was not abandoned due to a lack of 
profitability, but because it was morally indefensible. What 
Fogel meant was not just that a morally indefensible institution 
could be financially viable. His interpretation also meant that 
morality could emerge as a winner in the battle for economic 
efficacy. 
In his studies, North has been more focused on the 

importance of societal institutions for economic development.55 
                                                
53 Fogel (1964). 
54 Fogel and Engerman (1974).  
55 North (1961); North (1990); North (1995), p. 12. 
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He also wants to de-emphasize the importance of technological 
inventions and sees the basic precondition for growth in a 
number of institutions – primarily property rights, banking, free 
trade – and the regulatory system, which protects these 
institutions.  
Historically, if we begin with the Neolithic revolution 10,000 

years ago, economic growth has been, according to North, a 
very slow process. Economic growth has been more rare than 
stagnation or recession. The rise and fall of regions show typical 
developmental patterns across time. Modern economic growth 
appears a phenomenon about 400 years ago, but only to a very 
limited part of the world. More dispersed growth is a 
phenomenon of the post-war period. The rate of growth in the 
1950s and 1960s were unique, not typical, and even in modern 
times, this growth has not reached everyone. Many areas of the 
earth are still in the periphery.  
Neo-classical theory is of little help in explaining economic 

development historically, according to North, since it 
emphasizes the individual as a rational person, making rational 
choices. What are the patterns and forces, which create growth 
in some areas but not in others? What is required is an 
analysis of the incentive structure, which is embedded in 
certain institutional or organizational structures in the 
economy, and which can link together the parts into a whole 
and thereby explain the imbalances and irregularities in 
growth. Instead, we must study the motives and obstacles, 
which create the institutional building blocks and the policies, 
which promote economic development. If we can identify and 
explore why these forces vary, we can better explain what types 
of institutions promote societal change.  
North takes his point of departure in three central 

assumptions:56  
 
• The basic source for economic growth is to be found in the 

institutional and organizational structures in political 
economies. 

• Economic growth is dependent on stable political/ 
economic institutions, which provide low transaction costs 
for the development of an impersonal market. 

• Society and its institutions must enjoy legitimacy and 
social trust. 

 

                                                
56 North (1995), p. 2. 
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What are institutions? According to North, institutions are the 
rules set up in a society or the restrictions people set up which 
determine the forms for co-operation. This does not mean that 
these rules always generate economic growth, but sometimes 
they are created to facilitate exchange, promote technological 
renewal, and advance the development of human capital, or 
decrease transaction costs. In other cases, monopolies are 
developed, technological change hindered or counteracted 
through a development in human capital which increases 
transaction costs. The latter circumstance is the most common 
occurrence throughout history:57  

 
Institutions provide the basic structure by which human 
beings throughout history have created order and attempted 
to reduce uncertainty in exchange. Together with the 
technology employed, they determine the transaction and 
transformation costs and hence the profitability and 
feasibility of engaging in economic activity.  
 

Larger institutional changes occur slowly since institutions are 
a result of historical changes, which have created individual 
behaviour. The greater the institutional insecurity, the greater 
the transactional costs. The absence of opportunities to enter 
into binding contracts and other institutional arrangements is 
one of the reasons behind economic stagnation. This is true in 
today’s developing economies as well as in the former socialist 
states.  
Institutional change is built up gradually and is path-

dependent, i.e. built on earlier institutions. In neo-classical 
theory, rapid changes are expected if changes occur in relative 
prices. Instead, North opines that changes occur gradually. 
Revolutions are extreme cases, but after a time they become 
less revolutionary than their initial rhetoric implied. Path-
dependence simply means that the choices of yesterday create 
the point of departure for possible changes today. This creates 
an obvious danger when learning within existing institutions 
prevents or limits future possibilities. Institutional structures 
create obstacles which may twist options for future change.  
Economic incentives based on individual property rights were 

a precondition for economic growth in the economic 
development of Western Europe. Changes in relative prices and 
fluctuations in population growth led to institutional changes. 
That industrial development in England and Holland occurred 
more rapidly was a product of e.g. the fact that certain 

                                                
57 North (1990). 
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conservative organizations, such as guilds, were weak. 
Furthermore, private property rights were guaranteed in these 
countries while in e.g. Spain, the absence of institutional 
innovations led to centuries of stagnation. The cultural 
heritage, in terms of path-dependence, filtrates and interprets 
reality according to its own rules.  
North opines that it was the competition between different 

political groups and fractions which created a creative 
environment. Europe was politically multi-faceted, but 
integrated through a common religion in Christianity and 
extensive communications for the exchange of information, 
which promoted scientific, technological and artistic 
development throughout Europe. It is, however, important to 
point out that neither Holland nor England developed in 
isolation. Italy, Portugal, France and Germany all contributed 
with a number of institutional innovations in the form of 
banking, navigation and the printing press, etc. 
The countries, which fail to create growth, also fail to create 

institutions, which allow for impersonal exchange. Markets are 
local or poorly developed and when these economies are 
exposed to the global market, the institutions are made to 
develop organizations, whose profitability is based on 
redistribution rather than trade with new products. The 
governments are more or less corrupt, i.e. politics undermines 
the economy and fails to create anything new.  
In fortunate economies trust systems are created which 

promote the growth of productive activities through the 
establishment of economic organizations. Politically this has 
meant that the systems have developed strong informal rules 
and norms for all kinds of behaviours, which have also created 
norms for political action. The gradual development of informal 
norms and behavioural systems, which have deep historical 
roots in Western society, are most important for the creation of 
economic growth during the past three to four hundred years. 
The problem is that we do not know how to recreate these 
conditions in countries, which are currently still in the 
developmental process.  
North points to two examples. The NIC (New Industrial 

Countries) are interesting because they could be an example of 
a model for future development. In Western Europe, the 
developmental process was long and gradual, while the NIC 
must create institutions and organizations over a very short 
period of time. The role of the state is an issue of central 
importance. In part, we can recognize the reasoning in 
Gerschenkron. Did the NIC succeed because or in spite of the 
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state? How are authorities created that act on behalf of the 
nation or the economy and do not line their own pockets with 
money? How are political organizations developed that promote 
economic growth and freedom for lobby groups to develop the 
economy?  
Secondly, North brings up the countries, which have lost 

their position as leaders. According to e.g. Mancur Olsson, it is 
an effect of convergence, which balances productivity and 
allows for catching up. North does not mean that this explains 
the whole truth, instead the point of departure must be linked 
to the concept of path-dependence and the pattern, which is 
developed regarding political and economic organizations. The 
flexibility of the political organizational structure becomes 
decisive for the ability to change institutions and thereby 
increase the capacity for competitiveness within the economy. 
An advantageous development links the political key 
organizations to the economic organizations, which must carry 
the brunt of the changed institutional rules. The opposite 
conditions are more difficult to create and only occur when the 
costs for a failure reaches such proportions that the influence 
of the economic organizations is weakened:58  

 
Economic change is a process and it is that process which we 
must understand. The static nature of economic theory ill fits 
us to understand that process. We need to construct a 
theoretical framework that models economic change. The 
belief systems of the players and the nature of human 
learning shape the evolving institutional policies that will be 
pursued. The rationality assumption of neo-classical 
economics assumes that the players know what is in their 
self-interest and act accordingly. Ten millions of human 
economic history says that is a wildly erroneous assumption. 
 

North thus brings up fundamental issues regarding the 
connections between economic change, technological 
development and institutional conditions, and at the same time 
highlights the difficulties, which neo-classical theory has had in 
explaining economic growth.  
 
 
Entrepreneurs and the diffusion of technology  

Among technology historians there has been great fascination 
with the actions of individuals and their strategic importance in 
connection with the diffusion of technology. It is possible to 
                                                
58 North (1995), p. 12. 
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sketch a developmental model chronologically which highlights 
and follows the inventors that break with traditional patterns 
and thus create history. There is also research, which likes to 
highlight the role of engineers and the struggle between 
technological knowledge and the training geared towards more 
practical applications, where the former is victorious at the end 
of the 19th century.59 This research tradition, however, says 
little about the engineers of today and instead collective abilities 
and co-operative efforts are highlighted, not least among 
economists and managers. Companies’ R&D divisions and 
patent applications become a measure for the willingness and 
desire of the companies for change. The process of invention 
becomes a legalized and protected process rather than the 
intellectual activity of a single individual.60 
There is, however, one brilliant exception, the notable Joseph 

A. Schumpeter, who is accepted as the most influential national 
economist to emphasize the role of the entrepreneur in 
connection with technological transfer.61 His point of departure 
is in the criticism of neo-classical theory of equilibrium and 
underlines instead that capitalism as its most important 
characteristic evidences instability and a lack of balance. A 
static capitalism is impossible. How capitalism creates change, 
or in other words its evolutionary capacity, is central; not how 
the economy maintains equilibrium. The innovation process 
itself is highlighted in the analysis.  
Innovations are defined by Schumpeter as new combinations 

of production factors and can include the following: 
 
• the introduction of new products or new qualities of a 

product 
• the introduction of a new, not previously known 

production method 
• the opening up of new markets 
• new raw materials or semi-manufactured products 
• new industrial organizations (e.g. monopolies, trusts, or 

de-regulations) 
 
Innovations are thus the effect of business operations and 
something other than the traditional process of invention. 
Schumpeter thus proceeds from a model for equilibrium, but at 
                                                
59 See e.g. Hughes (1999). See also Bladh (2006), p. 69-90. 
60 For a discussion regarding inventions and creativity from a historical 
perspective see Historical Perspectives on Invention & Creativity” (2003). 
For a modern discussion about patents see SOU 2006:80. 
61 Schumpeter (1961); Schumpeter (1975). 
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the same time he is conscious of the instability within the 
development of capitalism. Innovations disrupt the equilibrium 
of the system and continuously force new innovations, but 
competition has a balancing effect. In contrast with the rest of 
the population, the entrepreneur acts irrationally and 
possesses special abilities. The entrepreneur is driven by the 
dream ‘to create a private kingdom’, and conquer for the sake of 
conquering (and not just for profit), and the enjoyment of 
creating, of achievement. Through introducing new innovations, 
old structures are demolished and replaced by new ones, a 
phenomenon that Schumpeter calls ‘creative destruction’. 
The entrepreneur will also gradually be replaced by a more 

institutionalized leadership in the form of a bureaucracy. 
Innovation is a central element in the process and leads the 
economy into higher and higher stages of development. The 
growing companies with vast research capacity are the driving 
force behind new technological developments. Innovations are 
‘industrialized’ and subordinated to the creative research 
division of the company. Absolute competition is no longer 
desirable but has become subordinated to the environment 
which creates improved conditions for new innovations, and 
thus can get rid of existing monopolies. 
Schumpeter does not explain the reasons for technical 

changes, because he primarily sees them as expressions for 
exogenous forces. Instead, he emphasizes the business 
manager’s and the entrepreneur’s knowledge, ability and 
insight to break a traditional technological pattern or action, 
whereby s/he mainly tends towards more comprehensive 
innovations. Such a dramatic technological change, however, 
according to the same theory, leads to a completely new 
production function, and cannot be explained solely through a 
changed factor combination.  
A lack of equilibrium or imbalance creates waves in the 

economy. The cyclical variations in capitalism can be explained 
through the fact that innovations of different kinds appear 
discontinuously and as a result, the whole economy grows 
irregularly over time. Successful innovations demand open 
markets, which make room for the talent, i.e. the 
entrepreneurs, give access to credit, have stable macro-
economic conditions so that businessmen can evaluate the 
markets, prices, costs, and thereby minimize the risks. The 
wave patterns in the economy are created by accelerated growth 
or retardation, and are part of the innovation process.  
Schumpeter later developed this argument, and asserted that 

innovations also gave the entrepreneur a monopoly and thereby 



 57 

its benefits, at least until his/her lead is eliminated by 
imitations or new innovations by rival entrepreneurs. 
Schumpeter became more and more conscious that the line 
between inventions and innovations was becoming blurred. 
Large corporations replaced the individual entrepreneur and 
the search for new technology and its commercial utilization 
became a greater part of routine business operations. 
 
 

Technology and culture 

Thomas J. Misa wants to give the concept of technology a 
broader interpretation and chooses to focus on several 
technologies and their variations over time from the 
Renaissance to today.62 He questions a linear developmental 
model of technology from science to industry and thereby as a 
force for economic growth and structural change. The social, 
political and cultural changes, which follow in the wake of 
technological development are at least as important as the 
economic changes even if they are harder to measure and 
quantify. Technology creates as well as is created by the society 
in which it exists:63 

 
... the asserting of a distinct purpose for technology, and a 
desirable direction for social and cultural development, 
displaced alternative purposes and directions. Displacement, 
then, is how societies, through their decisions about 
technologies, orient themselves toward the future and, in a 
general way, direct themselves down certain social and 
cultural paths rather than other paths. 
 

Through the application of his model on different processes 
throughout history, Misa opines that it is possible to divine a 
pattern. In contrast to traditional research in technological 
history, which has often looked at development as a ‘billiard 
ball model’, where technology comes from the outside and 
affects society, Misa sees how different actors through-out 
history have consciously chosen and governed the development 
of new technology with the purpose of creating or maintaining 
their ideas and interests, as well as creating social and cultural 
prosperity.  
During the Renaissance many scientists, artists and 

philosophers were supported by patrons and the royal courts 
throughout Europe. Together with the strong position of the 
                                                
62 Misa (2004), p. 260ff. 
63 Misa (2004), p. 269. 
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church, a special culture and market aimed at the interests 
within a limited elite was created. In this environment, there 
were no preconditions for industrial development. Nor were 
there any such preconditions during the 18th century expansion 
of Holland, which led to high quality products and expensive 
labour. Using these examples and the fact that technologies are 
localized to certain areas and appear at certain times 
throughout history, Misa attempts to answer the question 
regarding how these technologies were developed and made the 
social and cultural transformation of different societies 
possible.  
The industrial revolution then becomes a watershed in 

history. Misa is aware that the concept ‘industrial revolution’ 
can be misinterpreted and that it has been more or less 
dismissed by current researchers. However, he wants to re-
establish the concept and he sees a particular pattern in the 
development of the early industrial revolution in England:64 

 
In industrial-era Britain there were precious few Dutch-style 
technologists focusing on high-quality materials and high-
paid labor. Instead, the predominant focus of British 
technologists was, let’s say, industrial: cutting costs, 
boosting output, and saving labor. Inventions of the era 
embodied these socioeconomic goals. Cheap cotton cloth, and 
lots of it, made by ill-paid factory “hands,” was a 
representative product of industrial-era Britain. If mecha-
nizing industry was not the highest calling in life, as 
Victorian moralists repeatedly warned, it was nevertheless a 
central and defining purpose for inventors, engineers, and 
industrialists of the time. Beyond Britain, commentators and 
technologists sometimes looked to copy British models of 
industry but more frequently adapted industrial technologies 
to their own economic and social contexts. The result was a 
variety of paths through the industrial revolution. 
 

From the middle of the 19th century until today, Misa argues for 
a developmental process in which it becomes more and more 
difficult to isolate a certain society connected to a specific 
technology. Instead, a number of societies are created with 
different technological models. The reasons for the varied 
patterns emanated initially from colonialism (‘gunboat 
diplomacy’) with its expanded markets for the deposition of 
products and the import of cheaper raw materials.  
From the 1870s onwards, science becomes a force for the 

development of countries not least in the area of chemistry and 
the development of large technical systems, especially 
                                                
64 Misa (2004), p. XIf. 
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electrification. Science becomes a production factor alongside 
capital and labour. New institutions emerge which support the 
transformation of industry, in the private as well as in the 
public sector.  
According to Misa, 20th century technology becomes a 

continuation of the mass production era and the introduction of 
technology into the domestic sphere. Materials development 
and new durable consumer goods adapted to the market win 
ground and art and architecture as well as fashion trends make 
greater inroads into the life of the urbanized industry family. 
Technology outside Europe and North America do not follow the 
same pattern, but instead becomes a way to control and 
dominate unfree states.  
Misa opines that the post-war period has been completely 

dominated by the Cold War and the rearmament, which has 
occurred within the complex of the military industries. Through 
this process, a great deal of research and a large number of 
resources have emanated from institutions such as the 
Pentagon and Kreml, while the development of alternative 
technologies has been superseded or forced to find new 
avenues. 
According to Misa, there is thus no simple definition of the 

concept of technology that encompasses all its variations and 
co-operation between social and cultural factors. From earlier 
sections in his book, he points to characteristics in modern 
technology and its historical roots. With all respect to science, 
he also points to a number of other important actors in the 
context such as engineers, financiers, public authorities, 
workers and consumers, all of whom are of great importance to 
technological development from a historical perspective. Science 
is today more and more specialized and our dependence on 
these sciences has increased while the ability to maintain an 
overview of them has been decreased. The focus on economic 
growth leads to, not least in developmental countries, serious 
social and cultural conflicts in objectives.  
Nor can technology be seen as autonomous or a neutral 

factor in development:65 
 
The very presence of a certain technique or technology can 
alter the goals and aims of a society as well as the ways 
people think in articulating their ideas. An obvious case in 
point is the representational technologies, ranging from 
Renaissance-era geometrical perspective and moveable-type 
printing through to today’s Internet. Each of these 
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technologies has made vivid changes in how people think 
and communicate with others and has brought about major 
cultural movements, including court culture and patronage, 
and contemporary cyberculture. 
 

Misa argues that during each phase in the developmental 
process, certain technologies and desirable social and cultural 
objectives are secured while alternative technologies are 
suppressed or relegated to a backyard. These technological 
choices are continually questioned and battles occur in the 
form of political debates and social conflicts. The alternatives 
that survive in the long run create paths and environments, 
which to a great extent comprise society’s cultural norms. 
Agendas are set up by those in power during different stages 
and phases in the developmental process, but Misa argues that 
modern technology has meant that non-dominant groups 
within society have been able to influence and change 
technology in a dialectic process.  
 
 
Globalization and technological change 

As can be seen here, examples from history show that the role 
of technology in societal development works best in networks 
and must be analyzed over time. Globalization as a historical 
concept is not new, and if it is defined as decreased distance 
and increased co-operation and mutual dependency, the 
phenomenon has existed for a long time. Misa even speaks of 
three distinctive ‘global economies’ in history:66 

 
The first was in the era of commerce. The Dutch in the 
seventeenth century created the first substantially “global” 
economy through multicentered trading, transport, and 
“traffic” industries that stitched together cottons from India, 
spices from Indonesia, slaves from Africa, sugar canes in the 
Caribbean with tulip speculators, stock traders, boat 
builders, sugar refineries, and skilled artisans in the home 
country. This early global economy lasted until nationalist 
economic pressures from France and England overwhelmed 
it in the early eighteenth century. Early industrialization in 
England – even though it imported raw materials, like 
Swedish iron and American cotton, and exported cotton 
textiles, machine tools, and locomotives – did not create a 
Dutch-style multicentered trading system. 
 

                                                
66 Misa (2004), p. 229. 



 61 

During the 19th century, a second ‘global economy’ was 
developed, which was characterized by international integration 
with Europe at its centre, while at the same time the emergence 
of strong national states was developed.67 England’s promotion 
of free trade from the middle of the 1840s and the export of 
machines to the rest of the world were important elements in 
this integration. The deregulation of customs and other trade 
obstacles between countries and within countries on the 
continent was hastened, and the introduction of a gold 
standard in the 1870s, which provided for smaller movements 
on the exchange, meant that trade between countries could be 
facilitated. Europe’s communications with the rest of the world 
were made easier through the expansion of the telegraph and 
telephone network and the intercontinental cables, which 
connected Europe to the US, Asia, Australia, Africa and South 
America. London became the spider in this web of information. 
To this were added the revolution in transportation with 
steamboats and continued canal expansions as well as the 
building of railroad networks and their impact on and the 
opening of new markets.  
Emigration from Europe followed in the footsteps of 

industrialization and spread to the more peripheral areas. The 
new trade exchange, capital movements, population streams, 
and information networks, all became parts in an ever-
increasing integration of markets – for products, capital and 
labour, especially after 1870. A ‘globalization’ of the economy 
was now a fact and had consequences for the development of 
the Atlantic economy. In the US, investments were made in 
capital intensive large-scale production in order to save labour, 
while in Europe labour intensive technologies remained in use, 
especially within agriculture and in areas with low salaries.  
The economic integration during the 19th century also had a 

political side. The gradual unification of Germany from 1834 
was hastened during the Crimean War 1853-1856, and was 
completed in 1871. Even Italy was unified and serfdom in 
Eastern Europe and slavery in the United States was abolished. 
National unification, new constitutions, and parliamentary 
reforms strengthened the forces working toward 
industrialization throughout Europe. After this, early 
industrialization went hand-in-hand with increased nationalism 
and industrialism became more accepted among ordinary 
people. The process was partially counteracted by the increased 
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protectionism within agricultural policies in Europe due to 
cheap imports from the US. 
Globalization during the latter half of the 20th century has 

completely different characteristics and preconditions than the 
developmental process which occurred one hundred years 
earlier:68 

 
By the second half of the 20th century, however, the thrust of 
technology had changed direction. It now began to erode the 
nation state as technical systems became increasingly 
transnational. After playing a major role in shaping history, 
the nation state now began to seem like its victim. 
Information technologies, in particular, have undermined 
national sovereignty by eliminating geographical and social 
distance – by making it possible for more and more people, 
ideas and goods to travel faster and safer through time and 
space. 
  

Globalization in the late 20th century was however primarily 
limited to the capital markets and to the larger corporations, 
while mobility on the labour market and in the political 
institutional sphere lagged behind. Globalization or the 
expanded markets had thus not increased mobility for all of the 
production factors. This means that the transformation 
between 1850 and 1870 was likely more dramatic than that 
which occurred between 1975 and 1995.  
New developmental blocks centred on electronics were 

created from the end of the 1970s and a few decades later, the 
standardization of program products and investments in new 
infrastructure (the Internet) were set in motion. This changed 
the transaction costs and the markets were expanded while at 
the same time, the deregulation of the Western economies had 
begun and it also become harder to promote national policies 
for stabilization programs and structural change.  
The effects of globalization have primarily meant that the 

capital has had more opportunities as the markets have 
expanded and displaced power to the advantage of both the 
capital and the companies. The organizations of the expanding 
companies have, to some extent, replaced the market as the 
transactions have been internalized within the companies. 
When the new economies in Asia also become a greater part of 
the global economy, the workers will demand more rapid 
consumption increases, greater influence and increased 
democracy. The outcome of this process will be decisive for the 
development of the future economy.  
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During the last few decades, national economies have become 
more and more interconnected. Foreign trade has increased in 
relation to total production. For Sweden, the export share of its 
GDP has risen from about 20 percent in the beginning of the 
1950s to approximately 45 percent in 2000. 69 Direct 
investments across borders has increased even more in many 
countries and several of the larger Swedish companies today 
have a greater share of their production and labour force 
outside Sweden than they have inside the country.  
Globalization is not a scientific concept and more complex 

theories surrounding the phenomenon are still lacking. In 
contrast with the earlier concept of internationalization, new 
technology has made it possible for smaller companies to 
operate on a global market and it has become easier to move 
modern technology across borders. Communications have 
become more culture specific, with a higher degree of mobility 
among specialists, but a limited mobility for the majority of 
workers.  
 
 

Closing discussion 

In the discussions about the role of technology in trans-
formation of society, surprisingly few technicians and natural 
scientists have participated. One explanation might be the 
relatively weak theoretical underpinnings of these sciences and 
great gap to the explanations offered by the social sciences for 
historical phenomena. Still, there are important areas where a 
historical approach can contribute to an increased 
understanding between technology and the development of 
societies.  
How then do we use our acquired knowledge when we want 

to explain technological transformations and technological 
transfer? In Sweden, the concept of genius industries 
(‘snilleindustrier’) has been coined to describe the growth of a 
number of operational companies, which were founded shortly 
before or around the turn of the century in 1900. This approach 
usually focuses on the central role of individual inventors and 
hides the often complex reality in which they operate. There is 
an obvious risk that the role of technology in societal 
transformations is exaggerated and reductively portrayed. The 
description also becomes harder to understand for laymen and 

                                                
69 Eklund (2002). 
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there are also gaps in the history of technology, which remain 
to be studied.  
Research into the history of technology has been largely 

focused on individuals and on the more successful inventors 
and engineers, who have played a dominant role in the 
transformation of society. Even modern entrepreneur research 
is focused on these issues and often uses patents or R&D as a 
measure of change within nations or companies. Technology is 
thus studied from a supply perspective and isolated from other 
operations. The post-war period discussions among economists 
began to question the explanations that asserted a narrow 
production factor argument for development and sought to 
dissect the technology factor into its elements.  
The history of technology transfer should not be made into a 

unique collection of examples or a series of random 
occurrences. It should rather reflect the overall picture and the 
continuity, where technology is part of the economic and social 
context. Studies of the relations between humans, technology 
and society are complex phenomena.  
It has been natural to connect the role of technology in the 

development of societies to its role in production. At an early 
stage in history, the transfer of technology from one area to 
another has been a characteristic aspect of countries and 
regions, which have experienced different forms of prosperity 
and economic growth. The developmental process of countries 
has not been an isolated process in the past 150 years. 
Technology, products and services have been moved across 
national boundaries. In certain cases, the stragglers or 
latecomers have been able to win certain advantages by 
borrowing technology from abroad while their social and 
cultural abilities and their potential to adapt and modify the 
received technology to its new environment (within the recipient 
countries) has been decisive for a more continuous 
developmental process.  
It is possible to sketch a developmental model for the last two 

centuries by proceeding from the production of countries and 
the dependence of industrial society on different localization 
factors. Access to different raw materials was decisive from an 
early stage as well as the limits imposed by transportation costs 
for e.g. the potential of agriculture to provide a growing 
industrial population with produce. It was not until the 
revolution within the transportation (steamboats) at the end of 
the 19th century that this pattern changed and import of 
produce on a larger scale was made possible.  
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In the same way, access to energy was also an early factor to 
influence localization heavily, and this did not change markedly 
until the introduction of electrical power at the turn of the 20th 
century. The increased market dependency meant a 
successively greater share of finished products, but this was 
limited by transportation costs. These conditions created and 
shaped an industry tradition that in connection with the 
increased internationalization strengthened the national 
economies (and the states), and was supported by a political 
process increasing democracy and free trade. The economies 
gradually evolved from a lower to a higher degree of flexibility. 
This pattern is dramatically different from the factors that 

governed development around the turn of the century in 2000. 
Today, one third of global trade takes place within corporations, 
one third of trade can occur from almost any country on earth, 
and one third is what we traditionally call foreign trade. Some 
people say that IT and communications technology has led to 
the ‘death of geography’ and the demand for geographical 
proximity within service production has partially been nullified. 
New services have been created and the whole sector has been 
globalized. Innovation tendencies as well as the creation of 
creative research communities and access to risk capital have 
become important localization factors. Industry and capital 
have become extremely mobile, while labour as a production 
factor has become less so.  
At the same time it is important not to exaggerate mobility as 

old structures prove viable when they are adapted to new 
conditions or combined with new technologies. Knowledge 
based operations have proven to be more competitive than the 
transfer of information and often require geographical proximity 
and entrepreneurial ownership in close co-operation.70 
Information is easy to codify and generally has only one 
interpretation, while knowledge is a wider concept and only 
partially made explicit. The marginal costs for the transfer of 
knowledge is thus higher than for information. Geographical 
proximity becomes important because it allows knowledge to be 
more easily disseminated in and between different operations. 
The physical proximity to and activity within networks as well 
as the interplay between different actors increases in 
importance when companies, regions and markets become 
meeting places for the development of new innovations.  
While science have preferred to see technology as vital during 

‘the first industrial revolution’ in England and as a mix between 

                                                
70 See e.g. Acs (2002). 
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knowledge based on discovery and a more systematic invention 
process, where science has yet to make inroads, ‘the second 
revolution’ from 1850 onwards was shaped by a more controlled 
development based on applied science. This was also a more 
capital intensive industrialization phase than its predecessor 
and demanded other institutions in the form of research 
laboratories, banks, etc. in order to succeed. It is also during 
the latter half of the 19th century that the education system was 
adapted to the new conditions and that the knowledge taught 
there became more theoretical and scientific. This 
developmental process occurred under increasing pressure for 
transformation and a strengthened free trade. 
The globalization process can thus be studied from a 

historical perspective in which we are initially interested in 
movements across national boundaries. Technological 
transference was an early element and was followed a little later 
by increased capital movements, primarily due to the need for 
risk capital within emerging industry. The internationalization 
of the provision of raw materials meant e.g. an increased hunt 
for colonies, but took on new forms after the Second World War. 
The next phase came to touch on the transfer of different 
product systems and the hunt for new expanding markets. In 
the final stage, ownership and control of companies became 
more and more international, while at the same time the 
national economic systems were dissolved and the move is 
made from a more visible to a more institutional ownership. 
Even the globalization of companies follows certain stages, 

where the developmental process begins with product import 
and then moves toward import substitution, i.e. the countries 
replace import with protected domestic production. In the next 
phase the companies move toward export, which is further 
developed at a later stage through the implementation of 
production outside the country of origin. Seen from a long-term 
perspective, the development has moved towards increased 
product specialization for a regional or growing global market. 
In conclusion, the developmental process toward 
internationalization has often meant the establishment of 
centres abroad with increased ownership and control, i.e. 
stateless companies that act in global networks.  
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To study or to work? A Comparative 

Perspective on Nordic Engineer Migration to 
German-speaking Europe, 1880-1930 

 
 

Per-Olof Grönberg 

 
Introduction 

This chapter deals with Nordic engineer back and forth 
migration to Germany as well as German-speaking Austria and 
Switzerland between 1880 and 1930. The migrants went to 
study at the universities, but also for industrial employment.  
Twentieth century influences on Swedish technology and 

industry have been called a ‘German-American blend’.1 This 
expression can also be used for the whole Nordic area.2 
Germany was Europe’s leading industrial nation and a major 
source of cutting edge technology during the late 19th and early 
20th centuries. The chemical and electrical industries were 
especially important. The electrical machine manufacturing 
equalled America’s and was twice the size of Britain’s in 1914. 
The synthetic dyestuff discoveries were behind the rise within 
chemical industry. For the Nordic countries Germany was a 
prime source of knowledge within wood pulping and water 
turbines.3 The world leading German, Swiss and Austrian 
technische Hochschulen attracted scores of foreign students, not 
least from the Nordic countries.4 This article addresses the 
following questions: 
 
1. How frequent was migration to German-speaking Europe 

among Nordic engineers in the period from 1880 to 1930? 
2. What were the reasons behind engineer migration to 

Germany, Austria and Switzerland? 

                                                
1 Runeby (1997) p. 226 
2 Hyldtoft (2005) p. 15, 236; Lange (1988); Nerheim (1999), pp. 114-122; 
Tulkki (1996), pp. 317, 332.  
3 Hyldtoft (2005), pp. 177, 188; Nilson (2006), pp. 56, 58; Nerheim (1992) 
p. 61.  
4 Carr (1991) p. 160; Grimnes (2001), pp. 50, 54; Hård & Jamison (2005), 
p. 87; Nipperdey (1991), pp. 234, 237.  



 72

3. What were the most common destinations in the German-
speaking countries and why? 

4. To what extent did engineers migrating to the German-
speaking countries within Europe return to the Nordic 
countries and what were the implications for technical and 
industrial development? 

 
As for all these aspects, we will take into consideration 
differences between the four Nordic countries as well as discuss 
from a comparative perspective the differences with regards to 
engineer migration to North America. Before continuing, we 
will, however, first discuss some of the terms used in the 
article, beginning with ‘migration.’  
 
 
Migration or study trip – a definition 

There is neither a simple and universally accepted definition of 
migration nor a single body of data that measures it, writes 
historian Leslie Page Moch.5 In this article, however, migration 
is defined broadly to include a stay abroad with employment 
and/or longer university studies.6 A person living half a year in 
Dresden spending one semester at the technical university is 
considered a migrant, but shorter stays without employment 
are considered study trips. The borderline is indistinct, but non-
employment journeys can hardly be considered migration. 
There is however also an assumed qualitative difference 
between longer employment periods and shorter study visits.7 
Sociologist Frank Bovenkerk’s four-categories migration 

typology based on intention and outcome is discussed by 
geographer Russell King. Persons migrating with the intention 
to return to their native countries and followed the initial plans 
are described as ‘target migrants’.8 This concept is clearly 
relevant when analysing engineer migration. Target migrants 
have fixed plans, move with a specific aim, often to earn money 
or to undergo education, and return when the target is 
attained. The aim of the engineers was to acquire experience 
from the leading industrial countries and to make use of them 
for their careers upon their return.  
 
 
                                                
5 Moch (2003), p. 18. 
6 Engman (2000), p. 150.  
7 Lundgren (2006), p. 92.  
8 Bovenkerk (1974), pp. 9-19; King (2000), p. 11.  
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Selection and source material 

This study is based on Nordic citizens with at least three years 
of technical education between 1880 and 1919. 80% of all 
persons fulfilling this criterion are included. Incomplete source 
material is behind the exclusion of the remaining 20%. 
Architects are included as they often performed the same type 
of work as constructional engineers.9 However, this selection 
leaves out persons that may be regarded as engineers: 
autodidacts, some officers and many with shorter educations.  
A total of 89% of the engineers who were educated at 

Copenhagen’s Polytechnic Academy and four Danish technical 
colleges are included.10 Our Finnish cohort reaches 91%. It 
includes the lion’s share of engineers educated at the 
polytechnic institute in Helsinki and from 1908, when the 
institute was promoted to university status. Candidates 
graduating from Tampere’s technical college from 1915 have 
been left out.11 This study includes 94% of all Norwegian 
engineers. This encompasses graduates from the technical 
schools in Bergen, Kristiania (Oslo) and Trondhjem as well as 
the mining department of the University of Kristiania until 
1914/15. From then on only graduates from the newly 
established Norwegian Institute of Technology in Trondhjem are 

                                                
9 An exclusion would also have widened the gap between the already by 
now smallest Finnish contingent and the other countries. 
10 The Polytechnic Academy issued the qualitatively best biographic 
directories in this study; they are almost complete and contain detailed 
information; see Jespersen (1930); Hannover (1942). One biography on 
intermediate engineers was issued 1931 (Ingeniør- og 
konstruktørsammenslutningen, 1931) and another 1945 (Ingeniør-
Sammenslutningen, 1945). Both are based on questionnaires, but some 
did not respond. Notes exist for roughly seventy percent, but are often 
sparse and leave important information out. The electrical and mechanical 
engineer association refused to co-operate for the first issue. Some 
missing names are added in the latter, see Hansen, 1931, p. 9.  
11 One biography from the Helsinki institute was issued 1899 
(Polytekniska föreningen, 1899) and a second in 1918 (Heiniö 1918), but 
they do not cover the whole period and many engineers are only 
mentioned by name. Yearly graduate lists have been valuable for 
identification of some graduates after 1908. The technical two 
association’s (Talvitie 1936; TFiF & STS 1948), “Who was who” (Laati & 
Blomstedt 1961), a booklet on women architects (Nikula, Jallinoja & 
Kivinen 1983) and the Brage press archives have also been used. The 
latter’s necrologies and newspaper articles cover a lion’s share of 
prominent Swedish-speaking Finns before 1950, but also several Finnish-
speaking and about 65% of the engineering graduates. We end up with a 
minor share only possible to follow until 1900 or 1918.  
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included.12 The data from Sweden are somewhat less 
comprehensive as it only covers 70% of the engineers who 
graduated between 1880 and 1919. The Royal Institute of 
Technology and Gothenburg’s Chalmers are included as well as 
almost all graduates from the technical college in Malmö and 
roughly under 50% from Örebro. 13 
 
 

International Nordic engineer-migration, 1880-1930 

Nordic engineers were very mobile between 1880 and 1930, 
45% of them migrated abroad. If study trips are included the 
percentage who gained international experience almost reaches 
55%. Norwegian migration was highest if study trips are not 
included, while Finland’s is higher if we add study trips.14  

                                                
12 The predecessor school in Trondheim issued good and almost complete 
biographies (Alstad 1916; Alstad 1932) and so did the university 
(Brochmann 1934). Bergen (Eskedal 1975) is of somewhat lower quality, 
whereas the Kristiania schools did not issue biographies. Notes are 
collected from one biographic directory (Bassøe 1961) as well as the 
National Library. The directory does not cover graduates before 1900. 
Completing sources can be used ([Bokkomitteen], 1921; Brinchmann, 
Daae & Hammer, 1912; Bull & Jansen, 1931; Fougner, 1916; Jansen & 
Svendsen, 1954; Kristiania Tekniske Skole, 1889-1891, 1893-1915; 
Kristiania Tekniske Skole 1898; Kristiania Tekniske Skole (1946); 
Kristiania Tekniske Skole (1947); Norsk Kjemisk Selskap, Den Norske 
Ingeniørforening og Den Polytekniske Forening, 1950; Steenstrup 1930; 
Steenstrup 1937), but there are still missing cases.  
13 Historian Sten Carlsson (Carlsson 1991, p. 182) claims that the Royal 
Institute of Technology (Indebetou & Hylander 1937) and Chalmers 
(Bodman 1929) have excellent biographies, while ascribing the ones from 
the intermediate technical schools in Malmö (Malmö Teknologförbund 
1929) and Örebro (Forsberg 1925) defects. This statement must be 
somewhat revised, the Örebro register focuses living engineers who sent 
biographic notes 1924 and covers slightly under half the graduates. Yearly 
lists with name and work-place have completed the study for Örebro 
(Tekniska föreningen i Örebro, 1926-1927, 1931) and Chalmers 
(Chalmersska Ingenjörsföreningen, 1928-1930), but Malmö engineers are 
only followed to 1928 as lists do not exist.  
14 Finland’s rate may be affected by engineers stating study trip, albeit 
they would suit our migration definition. On the other hand, graduates 
from 1910s are overrepresented among the missing 11% from Denmark, 
9% from Denmark and not least 30% from Sweden, whereas the 6% 
Norwegian fall-off mainly represents graduates before 1900. The graduates 
of the 1910s migrated significantly less than those who had left school 
earlier. This was due to the university establishments in Finland and 
Norway, but also to World War I and Finland’s Civil War. This pattern 
speaks in favour of (1) an overrated migration from Denmark, Finland and 
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DIAGRAM 1: International Migration and Mobility before 1930 of Nordic 
engineers who finished their education between 1880 and 1919, and who 
went to North America, German-speaking countries within Europe and 
other destinations 
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Sources: see footnotes 10-13.  
 
One explanation for the Norwegian and Finnish mobility may be 
the higher risk for domestic unemployment. Economic historian 
Olle Krantz ascribes the industrial breakthrough to Denmark 
between 1880 and 1900, Sweden from 1890 to 1910 and 
Finland’s starting in 1920 and ending in 1938. Norway’s may 
be placed from 1905 to 1920.15 Denmark’s and Sweden’s earlier 
breakthroughs contributed to lower migration as domestic 
industry needed more engineers, although unemployment 
problems were not completely absent.16 The historian 
Gudmund Stang points to the “basic immaturity of the 
Norwegian industrial economy” as an explanation for the high 
rates of migration for engineers.17 Norwegian-born engineers in 
America often referred to unemployment problems at home and 
viewed America as the ‘only way out’ when explaining their 
emigration.18 Several Finnish engineers also went abroad for 
this reason; about two-thirds of the mechanical engineering 
graduates before 1900 had their first employment outside 

                                                                                                                                              
most of all Sweden as the fall-off is much larger; (2) an even larger 
difference between Norway and the other countries, and; (3) a somewhat 
overrated all-Nordic migration rate due to the large Swedish fall-off.  
15 Krantz (2001), pp. 52-55; Hodne (1981), pp. 371-372; Lieberman (1970), 
pp. 160-161.  
16 Harnow (1998), pp. 235-236; Hammar (1937), p. 230. 
17 Stang (1993), p. 94.  
18 Bjork (1947), p. 96.  
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Finland.19 Finnish paper- and sawmills were not in need of 
many engineers in this period.20 
The migration of Nordic engineers was mainly to two areas, 

North America and German-speaking Europe. Young people 
went to Germany, Switzerland and Austria to study at the 
technische Hochschulen and to work within German industry. 
Even more engineers migrated to North America, but almost 
exclusively in search of work. Ture Steen’s 1904 letter to 
ASEA’s director J. Sigfrid Edström is illustrative of the search 
for experience in leading industrial countries. He considered 
himself too “young and inexperienced” to accept an employment 
offer from ASEA. His two years in America needed to be 
completed with a longer period in Germany before he was 
mature enough for successful engineering work in Sweden.21 
Several engineers also made the opposite route: educated in 
Germany, they worked in America and then returned home.22 
As for the United States, we should remember that albeit most 
transatlantic engineer-migration was ’target migration’, a 
connection to general emigration also existed. Some migrants 
aimed to settle and were ‘ordinary’ emigrants. Only Ireland and 
Iceland were more affected by this movement than were Norway 
and Sweden.23 
The Finnish engineers deviated a bit from their Nordic 

cousins as many of them migrated to Russia and especially to 
St. Petersburg. In Finland, Russia was often viewed as the ‘land 
of opportunities’ and people from all social classes went there to 
earn their living.24 Danish engineer migration was not as 
focused on Germany and America as its Swedish and 
Norwegian counterparts. Danish engineers could, as historian 
Henrik Harnow concludes, be found all over the world. Many 
worked for Danish multinational companies as, for example, 
cement firms such as F. L. Smidth & Co. expanded on the 
world market and established subsidiaries in several 
countries.25 

                                                
19 Tulkki (1996), pp. 149, 175.  
20 Michelsen (1999), p. 166. 
21 Grönberg (2003), pp. 74-75.   
22 Andersen (1987), p. 101.  
23 Carlsson (1976), p. 129.  
24 Engman (2000), pp. 145-152.  
25 Hyldtoft (2005), p. 102; Harnow (1998), p. 233; Stang (1997), p. 96. 
Stang claims that this was “particularly a Swedish trait”. The most 
reasonable explanation to why Stang gets this result is that he only 
studies migration to the Americas. If we look at world-wide engineer 
emigration, the impression is that the trait was more a Danish one. 
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Explaining inter-Nordic differences 

Norwegian engineers were the most frequent migrants to 
German-speaking countries in Europe followed by the Finnish: 
among engineers from these two countries, the area consisting 
of Germany, Austria and parts of Switzerland was the most 
common overall destination. The Danes were least prone to go 
to Germany, which can be viewed as somewhat of a 
contradiction considering the shorter distance. We will return 
to this. In diagram 2, we can study university enrolment and 
employment in Germany, Austria and Switzerland.  
 
DIAGRAM 2: Employment and studies in Germany, Austria or Switzerland 
by Nordic engineers graduating 1880-1919 and migrating before 1930. 
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Sources: see footnotes 10-13. 
 
Among the engineers migrating from Norway to German-
speaking Europe, 85% studied at universities and colleges and 
a majority of them did not take employment afterwards. 
Denmark’s 20% is at the other end of the scale. “During the 
second half of the nineteenth century the German institutes 
(Hochschulen) were the ultimate centres for higher technological 
education in Norway”, writes historian Håkon With Andersen. 
Germany educated many Norwegian engineers, and served as 
the model for education, providing textbooks and later 
professors.26  
Norwegian and Finnish engineers were often dissatisfied with 

the lower-level domestic education programs offered before the 
university inaugurations around 1910. We can also mention 
the significant number of engineers in these two countries who 
                                                
26 Andersen (1987), pp. 100-101.  
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were educated entirely abroad. Mechanical engineers were over-
represented among those who completed their education at 
German-language technical universities, probably due to the 
desire to specialise in electrotechnology, a field of study which 
was not established in Finland and Norway until around 1910. 
Before that time, studies abroad were almost a pre-requisite for 
Finnish or Norwegian engineers who wanted to specialise in 
electrical engineering. After 1910, however, almost no electrical 
engineers from Finland and Norway studied abroad.  
Apart from electrotechnology, chemistry and civil engineering 

were the most popular subjects among Finnish engineering 
students in Germany between 1900 and 1914. Norwegian civil 
and constructional engineers also often studied in Germany, 
Austria or Switzerland, while chemical engineers were not 
similarly significantly over-represented.27 Here, Norway differed 
from Finland, where Germany’s position within chemistry 
seems to have attracted more interest. 
The high quality of technical education programs in Sweden 

and Denmark contributed to lower rates of migration in 
students to German-speaking Europe. The institutions in 
Stockholm and Copenhagen were able to offer education 
programs which were on par with the continental schools.28 
This, rather than feelings of resentment following the Dano-
Prussian war of 1864, explains the low number of Danish 
engineers, who migrated to Germany. The Polytechnic Academy 
was Denmark’s technical ‘university’ and educated roughly 
three fourths of the Danish engineers in the study, whereas the 
Royal Institute of Technology was its Swedish counterpart and 
educated slightly less than half of the Swedish engineers. The 
Danish engineers excluded from the study were almost all from 
the technical colleges, and the same is true of their excluded 
Swedish colleagues. A third of the Finnish cohort had received 
their education at the post-1908 Finnish Institute of 
Technology. Every fifth engineer in the Norwegian cohort was 
among those educated at the Norwegian Institute of Technology 
from 1915. Denmark’s intermediate schools were largely 
modelled on those in Germany.29 

                                                
27 Cf. Hietala (1992), p. 272; Fellman (2000), p. 92; Nerheim (1999), pp. 
119-121; Nerheim (1992), p. 61. 
28 Ahlström (1996), p. 210; Harnow (1998), p. 178.  
29 Fellman (2001), p. 204. We are assuming a connection between lower 
shares of university educated engineers and proneness for migration to 
Germany. The real distribution between the countries was hypothetically 
somewhat more even both as regards migration at large and university 
studies. 
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The very existence of a domestic technical university 
contributed to cut engineer migration to Germany. Some, or 
perhaps many, were probably satisfied with an intermediate 
level degree. If they were not, engineers from Odense or Örebro 
could continue in Copenhagen or Stockholm. We should of 
course not exclude the possibility that some preferred a foreign 
university or were forced abroad since they did not meet the 
entrance requirements for the Polytechnic Academy or the 
Royal Institute, but this seems unlikely to be the case for a 
significant number of the migrants. 
 
 

Where did Nordic engineer students go? 

Among Nordic students, the technical university in 
Charlottenburg west of Berlin was the most popular. It 
attracted a very large share of the Finnish students to 
Germany. Among the Norwegians, Charlottenburg and Dresden 
were the most sought after technical institutions. For the 
Swedes and Danes, Zurich was the most popular, with 
Charlottenburg coming second.30 
Charlottenburg has been called a model and a pioneer, 

establishing one of the first electro-technical laboratories in 
1884 and attracting famous scientists. The impressive building 
neighbouring Tiergarten in Germany’s most fashionable 
strolling area was in size only exceeded by Cologne’s cathedral. 
Sam Eyde, later a leading Norwegian industrialist, arrived in 
the 1880s. Historian Ole Kristian Grimnes writes about Eyde’s 
choice: 
 

Once he had chosen technical progress, an academic 
engineering education and prospects for an occupation 
connected to technical modernisation, he could not have 
chosen a more central, advanced and up to date educational 
institution.31  

 
Many Nordic engineers made the same choice in the decades to 
come. One was Gottfrid Strömberg, who arrived in the 1880s. 
He became Finland’s first electro-technology teacher and the 
man behind the first factory-made electrical machines.32 Civil 
engineer Gustaf Zitting was another Finland-Swedish student, 

                                                
30 We must however consider that these statistics exclude the ones who 
took their entire education in the German-speaking countries.  
31 Grimnes (2001), p. 56. 
32 Hufvudstadsbladet, 1923; Björneborgs Tidning, 1963.  
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who arrived in 1883 to study railway and bridge construction. 
He practised in London and returned to find a successful 
engineering firm for the import of machinery and other 
material.33 Other subjects were also attractive. Norwegian 
chemical engineer Haakon Hauan came for two semesters in 
1891, studied the lubrication industry in Germany, Britain and 
France before visiting the Chicago World Exhibition. He worked 
for one year in New Jersey and was involved in oil-refining, and 
later became minister for industrial supplies upon return.34 
The technische Hochschule in Dresden attracted a lot of 

Norwegian students. The Norwegians constituted, in fact, 
together with the Swiss, the largest contingents of foreign 
students at both the engineering and mechanical departments 
in the late 1880s.35 Olav Heggstad studied hydraulic 
engineering under the distinguished professor Hubert Engels. 
After a short period with Siemens in Berlin, he returned to 
become engineer at Sam Eyde’s consulting office in Kristiania 
1902. Heggstad participated in the building of Europe’s then 
largest power station at Svelgfoss. From 1912 to 1945, 
Heggstad served as professor of hydraulic engineering at the 
Norwegian Institute of Technology.36 
Architects also found their way to Dresden. Lambert 

Petterson, later municipal architect in Tampere and county 
architect in Hämeenlinna, studied there in the 1880s. During 
Tampere’s ‘building boom’ he became important as the “city’s 
only technically educated civil servant” and is, for instance, 
referred to as the architect of the Ruuskanen building by the 
Hämeen Bridge.37 The building has connections to the German 
neo-renaissance, taught in Dresden by for instance Carl 
Weissbach. The great German architect Gottfried Semper was 
active in the city before 1850 and in the 1870s. Dresden had 
developed into a centre for an architectural course inspired by 
renaissance and baroque. Petterson was far from the only 
Nordic architect inspired by Dresden: the technical school 
building and Bank of Norway in Trondheim were drawn by Lars 
Solberg, who had the same educational experiences and 
inspirational sources. 38 

                                                
33 Michelsen (1999), p. 174; Allas Krönika 1930; Hufvudstadsbladet, 1931.  
34 Alstad (1916), p. 74; Bassøe (1961), p. 189; Steenstrup (1930), pp. 168-
169; Amundsen (1947), p. 83.  
35 Sonnemann et al (1978), pp. 70, 75-76 
36 Devik (1960), p. 69.  
37 Tammerfors Aftonblad, 1938.  
38 Jansen, E, Jansen, J, Anker & Bøe (1952), pp. 140-141.  
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On a pan-Nordic level, Dresden and Zurich accounted for 
roughly the same number of students, but the Swiss 
polytechnic school was, as mentioned, most popular among 
Danish and Swedish students. It has been described as 
Europe’s leading technical university.39 Zurich attracted a large 
contingent of civil and constructional engineers from Denmark 
and Norway and chemical engineers from Finland and Sweden. 
The university was also a pioneer in offering courses in electro-
technology. One of the Nordic students was Danish Aage 
Rørbye Angelo. He was employed in Berlin for a short time 
before returning to Denmark in 1900. Angelo was central in the 
changeover to alternating current and one of the figures behind 
Denmark’s first station in 1904.40 The earlier mentioned ASEA-
director Edström also studied in Zurich. He was spurred on to 
specialisation in electrical engineering by lectures at Chalmers 
and followed a widespread pattern among the institute’s 
graduates when he chose to continue his studies in Zurich in 
1891.41 After four years in America, he came back to Zurich a 
second time in 1897 and was engaged as a tramway engineer. 
Edström returned to become director for Gothenburg’s 
tramways in 1900, before he was recruited to ASEA three years 
later. ASEA became the leading electro-technical company in 
Scandinavia during his three decades with them. 
Charlottenburg, Dresden and Zurich were not the only 

Hochschulen that attracted Nordic students. Hannover, 
Darmstadt, Munich and Karlsruhe attracted between five and 
eight percent of the Nordic engineering students that chose to 
go to the German-speaking countries. Electro-technology is part 
of the explanation also here: Munich held an early position in 
this field as did Darmstadt. Erasmus Kittler’s professorship in 
Darmstadt in 1882 was the world’s first, and marked a position 
the university was able to keep for a long period.42 Several 
Norwegian and Swedish students went to Darmstadt up to the 
outbreak of World War I. The intermediate technical institute in 
Mittweida attracted a comparably large share of engineers from 
Denmark. The latter also functioned as a model when the 
technical college in Odense was transformed in 1905. 
 
 

                                                
39 Moore (2005).  
40 Harnow (1998), p. 219.  
41 Bratt (1950), p. 33.  
42 Nerheim (1999), p. 120.  
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Employment and experiences in German industry 

Finnish and Norwegian engineers migrated to Germany 
primarily for education purposes, but some of them also sought 
employment. The Danish and Swedish pattern was a bit 
different as these countries had high quality educational 
institutions at home. Studies were therefore behind less of the 
migration, while work accounted for more. 
Mechanical, electrical and chemical engineers were especially 

prone to go to Germany. In all these fields German technology 
was at forefront internationally. Interestingly a lot of Swedish 
naval architects also sought work in Germany.  
More than every third Nordic engineer employed in German-

speaking Europe worked in Berlin. The industrial heartland 
along the Rhine and the Ruhr also attracted a large contingent. 
Several also went to the heavily industrialised Silesia and to 
Hamburg. Southern and south-western Germany as well as 
Brandenburg and Bremen were the least common areas to work 
in. Every twelfth Nordic engineer working in German-speaking 
Europe was employed in Switzerland and every fifteenth in 
Austria. National differences were small. However, the Swedes 
were most prone to choose Berlin, while many Danes went to 
Hamburg. Switzerland scored significantly higher in Finland 
and Norway.  
The electrical industry was concentrated in Berlin with large 

corporations such as Siemens, AEG and Union being located 
there. The city had developed into an international centre for 
electro-technology. In October 1912, Edström wrote a letter to 
engineer Oscar Hellman, a man he was thinking of as future 
departmental head for one of the ASEA workshops. He urged 
Hellman to study large machine manufacturing processes and 
winding methods at one of the larger electro-technical American 
companies or in Berlin.43 German ‘rational factories’ were also 
often connected to Berlin’s electrical industry and the object of 
study by for instance Carl Silvander, who later became 
important to the building of German-inspired ASEA 
workshops.44 
Chemistry is largely behind the search for employment along 

the Rhine. Höchst, close to Frankfurt-am-Main, was one centre 
for the chemical industry. Farbwerke vorm. Meister Lucius & 
Brüning AG began manufacturing medicine in 1880 and became 
a world-leading producer around the turn of the century. 

                                                
43 Grönberg (2003), p. 148.  
44 Andersen et al (2004), pp. 303-304; Grönberg (2003), pp. 148-149.  



 83 

Finland-Swede Fjalar Witting went there in 1905 as he wanted 
to specialise in dye-chemistry.45 Birger Carlsson went to 
Frankfurt for a position as departmental head at Deutsche Gold- 
und Silberscheideanstalt, where he developed a special interest 
in electrical melting furnaces and carbide production. He later 
had a vital role in the development of the Swedish 
electrochemical industry.46 
Naval architects gathered at the yards in Kiel, Hamburg and 

Stettin. Several Nordic mechanical engineers went to firms such 
as Oerlikon in Zurich, Voith in Heidenheim in southern 
Germany and Lahmeyer in Frankfurt. Some found their way to 
the mining regions of Silesia and Austria, whereas those aiming 
for careers in the brewery business could acquire valuable 
experience around Munich. Germany, Austria and Switzerland 
thus offered a huge number of opportunities for different kinds 
of Nordic engineers. However, they rarely settled permanently, 
most of them returned back north.  
 
 
Implications at home 

Return rates from German-speaking Europe ranged from 86% 
for Sweden to 96% for Finland, which was considerably above 
that of the ones from North America. The propensity to return 
also increased due to the shorter distance from home.47 In the 
United States, the engineers could also join different ethnic 
organisations, including engineering societies. This primarily 
held true for Norwegians and Swedes.48 A similar 
‘infrastructure’ was not present in Germany, Austria and 
Switzerland. The differences in return rates were important: the 
pattern hypothetically reflects technical influences in a more 
appropriate way than the out-migration, but we must consider 
two important things: (1) this influence cannot be measured in 
quantitative terms alone; and (2) it is very difficult to place 
national certificates of origin on technology.  
With these reservations, this study further underlines the 

previous conclusions of a strong German influence on industry 
and technology in the Nordic region. We have already dealt with 
some cases, and there are of course many more. In diagram 3, 

                                                
45 Heiniö (1918), p. 189; Hufvudstadsbladet, 1935.  
46 Indebetou & Hylander (1937), p. 425.  
47 Åkerman (1976), p. 21.  
48 Bjork (1947), pp. 432, 441, 443-445; Carlsson (1991), pp. 181-192; 
Fridlund (1999); Grönberg (1999), pp. 121-142; Lovoll (1988), pp. 189, 
281-284.  
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we can study the shares of engineer corps, who had ‘German’ 
experiences in 1890, 1900, 1910 and 1920. Finland, and 
Norway even more so, diverged with considerably higher shares. 
Moreover, many engineers from these countries were educated 
completely abroad. And some of them – such as Sam Eyde in 
Norway – definitely became influential. 
 

DIAGRAM 3: Percent of engineers with experiences from university studies 
and/or employment in Germany, Austria and Switzerland in the Danish, 
Finnish, Norwegian and Swedish engineer corps 1890, 1900, 1910 and 
1920. 
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Sources: see footnotes 10-13. 
 
The ‘German’ influence on technology and industry in the 
Nordic area seems roughly to have been at its zenith around 
1900 or a little later. The percentage of Norwegian engineers 
going to Germany started to fall around 1900 and fell 
significantly after 1910. In Finland the propensity to go to 
Germany levelled off around 1900 and fell from 1910 onwards. 
As we recall, both countries established domestic technical 
universities around 1910. It is, therefore, quite natural that 
engineer migration to Germany started to fall. As we see from 
diagram 3, Swedish and Danish engineers showed a quite 
different migration pattern. The proportion of Danish engineers 
who went to Germany was remarkably stable between 1900 and 
1920. The Swedish propensity among engineers to migrate 
reached a peak in 1910 and fell slightly after that. 
The new technical universities in Finland and Norway were 

heavily influenced by Germany. In Norway, a majority of the 
professors were educated in Germany. Some of them were 
ethnic Germans. Andersen states that Germany continued to be 
the foreign centre for Norwegian engineering education after 
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1910. Tulkki concludes similarly for Finland.49 Herman Kolster, 
son of a German immigrant engineer, is one example of how 
German experiences were utilised. He graduated in 1894, 
studied electro-technology in Hannover, served as an engineer 
in the same city, as well as in Hamburg, Nuremberg and 
Vienna, and came back to Helsinki in 1900. He worked at 
Siemens’s subsidiary before he was appointed professor of 
electrical engineering at the Finnish Institute of Technology.50 
There are some interesting questions to ask here, but safe 

answers are difficult. Firstly, what were the implications for 
industrial development of the fact the many pre-1910 
Norwegian and Finnish engineers’ experiences with the 
German-speaking world ‘only’ came from universities? (see 
diagram 2) We often speak of ‘practical know-how’ in relation to 
technology transfer. Were these ‘theoretical’ experiences as 
valuable as ‘practical’? If not, were they compensated by study 
visits and possibly also non-registered voluntary and paid jobs 
during breaks? The second question has to do with the quality 
of the newly established higher technical education programs in 
Finland and Norway. Were they good enough to compensate for 
a lower number of engineers educated in Germany? 
Germany had an especially strong position within the 

electrical and chemical industries. If we compare the distribu-
tion per educational sector among all Nordic engineers with 
those who returned from the German-speaking countries in 
table 1, the differences were, as we can see, small, at least on 
the Nordic level. 
 

TABLE 1: Distribution (%) per educational sector of engineer graduates in 
the Nordic countries 1880-1919 in relation to distribution on educational 
sector of returned engineers from German-speaking Europe (GE) 1880-
1930. 

COUNTRY/SECTOR Arch. Chem. Civil/Con. Elect. Mech. Mining Naval TOTAL 

Denmark – graduates (N=2823) 0 14 41 10 34 0 0 100

Denmark – return GE (N=259) 0 18 29 10 44 0 0 100

Finland – graduates (N=1101) 19 13 26 5 38 0 0 100

Finland – return GE (N=211) 11 25 13 2 49 0 0 100

Norway – graduates (N=2924) 3 11 40 4 38 4 1 100

Norway – return GE (N=734) 2 11 42 1 42 1 0 100

Sweden – graduates (N=5531) 3 13 21 15 40 5 3 100

Sweden – return GE (N=563) 1 20 12 21 35 5 6 100

ALL – graduates (N=12379) 4 13 31 10 38 3 1 100

ALL – return GE (N=1767) 2 17 27 9 41 2 2 100

Sources: see footnotes 10-13. 

                                                
49 Andersen (1987), pp. 110-111; Tulkki (1996), p. 332.  
50 Grönberg (2006), p. 191.  
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Relative to their share of all graduates, chemical and 
mechanical engineers as well as naval architects were over-
represented among the returnees from the German-speaking 
countries, whereas it was the opposite for architects as well as 
for mining, electrical, civil and constructional engineers. 
At first glance, the pattern may speak against a strong 

German influence in electrical engineering, but the under-
representation of electrical engineers among the returnees in 
relation to all the graduates is due to the generally late 
establishment of electro-technology as an ‘independent’ subject 
at the technical schools in three of the four countries. The first 
Swede graduated in electrical engineering in 1892, the first 
Dane in 1906, whereas it did not happen before the 1910s in 
Finland and Norway. A huge majority of the Danish, Finnish 
and Norwegian electrical engineering graduates thus left school 
during a period of decreasing international engineer migration. 
In Sweden, the pattern was the opposite. Considering the 
general ‘mechanical’ emphasis of the ‘German’ groups – with 
Sweden as a small exception – we may after all conclude that 
German influence on the Nordic electrical industry through 
engineer migration was considerable.  
Naval architecture is another sector that seemingly was 

influenced by Germany, but the result is only true for Sweden. 
We should remember that naval architects were more mobile 
than other Swedish engineers. It was not uncommon with 
employment in three countries: Germany, Britain and America. 
The United States has been ascribed as the most penetrating 
influence on Swedish shipbuilding.51 Mechanical engineers 
were the ones most suitable to work with naval construction 
before the field became ‘independent’ and we find several of 
them at German shipyards. 
The chemical industry was also heavily influenced by 

Germany. The return migration rate indicates the strongest 
penetration in Finland, followed by Sweden, Denmark and 
Norway. The relative importance of the Finnish chemical 
industry is one reasonable explanation. In the era of industrial 
capitalism in Finland from around 1850 to 1950, wood and 
forest as well as textile industry were the dominating 
businesses. The ten largest industrial enterprises were in these 
sectors in the early 1910s.52 In the other Nordic countries, the 
chemical industry had a less prominent position. 

                                                
51 Olsson (1998).  
52 Hjerppe (1979); Cf. Ojala & Karonen (2006), p. 124.  
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The ‘German connection’ among the Nordic engineer 
population decreased over time in relation to the ‘American’. 
This was especially pronounced in Norway and Finland after 
1910. The share of engineers with ‘American’ experiences more 
than doubled in the Norwegian and Finnish engineer corps 
between 1900 and 1910, but then the development slowed 
down in the 1910s. ‘German’ experiences, however, dominated 
quantitatively speaking in the whole region before 1920 and the 
pattern was most marked in Norway. The Swedish engineer 
corps showed the most equal distribution of experiences from 
the two leading industrial countries and would have ended up 
with an American ‘majority’ if Switzerland and Austria had not 
been included.53 Sweden was most likely the Nordic country 
where German technological and industrial influence was 
challenged the earliest by the draw of America. The speed of 
industrialisation and – also compared to Denmark – an 
industrial structure with more large corporations seeded the 
ground for ideas about rationalisation and mass production. 
Ideas that, after all, were most connected with the United 
States.54 
 
 

Summary and conclusion 

German-speaking Europe must be viewed as the main model 
for technology, industry and technical education in the Nordic 
countries up to 1920. Development within electro-technology, 
the chemical industry, the recognition of engineers, and the 
high quality technical education programs attracted interest. 
We have tracked 1,767 Nordic engineers who performed target 
migration to German-speaking Europe in order to acquire 
experience and knowledge. Several of these engineers later rose 
to prominence after their return to their home countries. 
The engineer migration to Germany was part of an extensive 

international migration pattern. On the pan-Nordic level only 
North America attracted more people than Germany, Austria 
and Switzerland as international destinations. In Finland and 

                                                
53 Approximative number of ‘German’ engineers per every 100 ‘American’, 
1890, 1900, 1910 and 1920. Denmark 125-321-164-149; Finland 333-
569-247-234; Norway 620-647-311-223; Sweden 150-135-115-109; ALL 
246-303-183-158.  
54 America’s advantage in this field was for instance expressed in a 1907 
letter from Edström to a younger colleague, where he called America the 
best place in the world to study to cheap and rational workshop 
organisation, see Grönberg (2003), p. 145.  
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Norway, however, the German-speaking countries were the 
most important destinations. Many Finnish engineers also went 
to Russia. 
Among the Nordic countries, Norway had the highest total 

share of engineers going to America. Norwegian engineers were, 
however, even more prone to migrate to Germany and its 
linguistic neighbours. This may be explained by the somewhat 
inferior domestic technical education programs in Norway. 
Danes and Swedes had other primary motives: experience 
through employment at spearhead companies. The attraction 
for Nordic engineer target migration to German-speaking 
Europe was thus dual: university education as well as 
industrial experience. 
Berlin was the most popular destination. The renowned 

technical university in Charlottenburg attracted scores of 
Nordic students. A number of Nordic engineers also sought 
employment at spearhead electro-technology companies, such 
as AEG and Siemens. Several Nordic electro-technical pioneers 
studied and worked in the German capital. 
Dresden was another popular university, especially among 

Norwegian and Finnish students of architecture and hydraulic 
engineering. Many of them made impressive careers after 
returning to their home countries. Quite a few students found 
their way to Switzerland and “continental Europe’s leading 
scientific university” in Zurich. 55 Some of the ‘Zurich-engineers’ 
later became electro-technical pioneers in Denmark and 
Sweden. Some Nordic students also went to Darmstadt, another 
pioneer university in electrical engineering. Hannover and 
Munich also attracted Nordic students, as did the college in 
Mittweida. The latter is described as a model for the early 
twentieth century transition of the Danish intermediate 
technical schools. 
Employment outside Berlin was mainly in the industrial 

heartland of Western Germany, along and near river Rhine. 
Höchst near Frankfurt attracted prospective specialists in dye-
chemistry, primarily from Finland. We also find Nordic 
engineers in other parts of Germany: at shipyards along the 
Baltic Sea coast, in Austrian and Silesian mining, at 
mechanical workshops in Zurich and Heidenheim, and 
breweries in Bavaria. 
The engineers’ experiences were highly valued . Germany was 

widely admired among Nordic politicians and industrialists. 
After one or a few years, the engineers returned home, and 

                                                
55 Moore (2005).  
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successful careers were a rule rather than an exception. Nine 
out of ten went back north and ‘German’ engineers differed in 
this respect considerably from the ‘American’ ones, where 
nearly half settled in their new country for good. In 1900, more 
than every third engineer working in Norway had ‘German’ 
experience; every fourth in Finland, and roughly every tenth in 
Sweden and Denmark. Together, these returnee engineers 
made up considerable clusters of human capital and must have 
had considerable impact. It is known from other case studies 
that if a sufficiently large number of returnees are working in 
one organization, measures of modernization can be 
implemented.56 The organisation here can be equalled to the 
whole Nordic engineer corps. 
German electrical engineering penetrated the whole Nordic 

area, while the assumed connection between Finland’s chemical 
industry and German development within the dyeing sector 
seems to have made the ‘chemical’ penetration in Finland 
stronger. The influence on technical education was almost self-
evidently stronger in Norway and Finland during this period. 
They were about to establish their own universities, and 
recruited professors both directly from Germany and natives 
with longer periods of German experience. Scandinavian ideas 
on rational factory organisation were at least partly inspired 
from Germany. However, in this field influences from America 
were probably more important. 
The heydays of German influence on technology and industry 

may well have been the years around 1900, when the shares of 
engineers with German experience peaked and – with Sweden 
as an exception – significantly outnumbered those with 
‘American’ experience. The American ‘challenge’ was probably 
felt earlier and penetrated Sweden to a greater extent. The main 
reason was the Swedish high-speed industrialisation at larger 
companies, which created more of a breeding-ground for 
rationalisation and mass production. The ideas were often 
combined with welfare capitalism. Denmark’s industrialisation 
was not based at large corporations in the same way, and thus 
the penetration factor was less. 
‘Student migration’ gave Finland and Norway substantial 

shares of well-educated engineers. “Norway had an ample 
supply of adequately trained engineers, some of them 
brilliant”57, writes Stang. Finland may not have been as 
innovative as Sweden, but they were receptive to new ideas and 
                                                
56 Cf. Bovenkerk (1974) p. 46. This was noted in the 1950s by the Indian 
researchers Useem and Useem. 
57 Stang (1997), p. 92.  
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characterised by an ability to apply them quickly within 
important areas.58 The education of engineers in Germany must 
have been crucial to the ‘catch-up’ before the domestic 
technical universities were established. 
 

 

Archival material and references 

Archives 
 
Brages Pressarkiv, Helsinki (BP): 
 Klipparkivet  
National Library of Norway, Oslo: 
 Klipparkivet 
Oslo City Archives: 
 Oslo Tekniske Skoles arkiv 
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Modernity, Technology and Culture in 

Swedish Travel Reports during the 1930s 
 
 

Charlotte Tornbjer 

The First World War resulted in a lack of confidence in the 
social structures of the nineteenth century, and the inter-war 
period became a time when old values were challenged. New 
paths had to be tracked down since old solutions had become 
obsolete. In Russia, there had been a revolution, and a new 
society had been born, but even in other parts of Europe the old 
values had been challenged; one has just to look at Germany, 
Italy and Spain to underline this as a fact. The 1930s was an 
especially turbulent decade. It all started in 1929 when the 
American economy crashed. In 1933, the American President 
Franklin D. Roosevelt managed to handle the depression 
through state intervention, a program known as The New Deal. 
The very same year Adolf Hitler seized power in Germany, and 
German society was reorganized in accordance with National 
Socialist ideology. 
All the countries mentioned above represented, in one way or 

another, different paths into the future. The US had been an 
alternative as long as the American continent had been known 
in Europe, while Germany and the Soviet Union became 
alternative models during the inter-war period. At this time, the 
future was a hot topic in contemporary public debate, and the 
Swedish welfare state was in its cradle. Among the questions 
being raised were how the lives of people could be adapted to 
modern society, and how modern society could be adjusted to 
the people.  
This is the starting-point of my project Travel into the Future: 

Swedish Travellers in Search of a Better Society during the Inter-
War Period, which is being financed by The Bank of Sweden 
Tercentenary Foundation. The purpose of the project is to 
analyse the experiences of Swedish travellers to Germany, the 
Soviet Union and the US, and how these countries could be 
seen as models or threats to an imagined future society during 
the 1930s. The focus of the investigation is the travellers’ 
interpretations of everyday life in the above-mentioned 
countries. How were everyday problems solved in a modern 
country? One example of the type of issue involved is how the 
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different countries dealt with the technology of everyday life, 
and this article will deal specifically with the encounters made 
by Swedish travellers’ with this type of technology. The first 
question to be answered is how the travellers apprehended the 
technology they met; the second question is which problems 
they saw with this technology. 
Technology is very much connected with modernity, not to 

say an important part of how we usually classify modernity 
itself. Modernity is a complex idea containing a lot of different 
dimensions. Usually we include material progress and changes 
in ideologies, morality and politics in the concept. Technology is 
to be seen as one dimension of modernity, but the 
interpretation of technology can also be connected to other 
dimensions in different ways. This article will elaborate these 
connections.  
The Swedish historian of ideas Martin Kylhammar 

distinguishes eight different ways of comprehending technology. 
The first is to accept the contemporary march of civilization. 
Capitalism is good and individuals make the optimal choices in 
the market. The second Kylhammar calls a traditional view of 
technology. In this view, technological progress is said to 
change faster than the moral and emotional adaptive capacity 
of human beings. The third is a critique of the social system 
combined with a positive view of development. Technology can 
be beneficial within another type of social system. Many 
socialists can be found in this tradition. The fourth is a kind of 
prophecy of doom. Human beings are evil, and they do not 
realize what is best for them. The fifth way of comprehending 
technology is, according to Kylhammar, technocratism. Techno-
crats have confidence in technology and its potential to solve all 
problems. The sixth is a kind of defeatism. Technology lives its 
own life and once a process has been started, it cannot be 
stopped. Kylhammar calls the seventh way ‘technological 
nudism’. Technology is seen as artificial and a threat to man-
kind, and it is impossible to experience real life through 
technology. And finally, Kylhammar lists the critique of 
civilization perspective. This latter perspective has been a 
strong current in the European culture of history; technology is 
not seen as something positive in itself, but can be a way to 
achieve an ideal society and the good life.1 The question is if 
and how these different conceptions of technology can be found 
in the analysed travelogues. 

                                                
1 Kylhammar (1987). 
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For the purposes of this study I have chosen a broad 
definition of technology;2 none of the travellers who are 
included in this investigation travelled with the express intent 
to examine the technology in the different countries. That is the 
reason why I see every encounter with technology as if it took 
place on an everyday level even though the focus will be modern 
communications and its significance. Travelling is a vital part of 
modernity, and different kinds of improved communications 
and new technologies have made it easier. To make my point 
about the central role of travel, it is just necessary to look at 
the development of, for example, railways, cars and aircrafts. As 
a point of comparison with everyday technology I have also, 
very briefly, included the travellers’ more general view of 
industrial and agricultural technology.  
The US, the Soviet Union, and Germany are dissimilar, and 

historically they have also been apprehended differently in 
Sweden. There is a long tradition of regarding Russia (and 
Eastern Europe) as the Other of Western Europe; Russia has 
been seen as half barbarous and barely civilized.3 However, 
what happens when Russia, through the Bolshevik revolution, 
becomes a nation organized according to the Marxist ideology 
with its roots in a European philosophical tradition? First, 
Russia could still be regarded as the Other; it is said, for 
example, that the Russian people were not mature enough for 
democracy; that the Russian people could be compared to 
children, or that the Russian people did not demand much. 
Consequently, the revolution is said to have been a good thing 
there, but not here.4 Secondly, some groups within Swedish 
society claimed that the Russian revolution was an ideal. These 
groups did not see Soviet-Russia as an Other, and they 
considered the Russians as a part of their use of ‘we’. 
International communism created a class, to which everybody 
could belong. Most of the travellers, however, did not identify 
themselves with the Russian revolutionaries. Furthermore, 
                                                
2 Technology is a concept that is hard to define. All products produced by 
human beings and how these products have been made into some sort of 
knowledge can be included, see e.g. Sjögren (1997), p. 24. Misa sees 
technologies “as embodiments of human desires and ambitions, as 
solutions to complex problems, and as interacting networks and systems.” 
That means that technology is not a static category, and that it interacts 
with society and culture, Misa (2003), p. 3. 
3 Wolff (1994). Martin Malia states that when Russian development was 
the same as that in Europe, the Europeans had a positive view of the 
nation, however, through the Bolshevik assumption of power, Russia was 
constituted as the Other of Europe, Malia (1999). 
4 See e.g. Gerner (1996), p. 315. 
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according to the Swedish historian Martin Alm, the Swedish 
view of Soviet modernity was very ambivalent during the 30s. 
Many Swedish travellers ruled out Soviet modernity as a model 
due to the lack of democracy and freedom within Soviet 
society.5 
Similarly, the US was seen as both the Other and the Self, i.e. 

as the Same. The European conception of America as a country 
of the future is as old as knowledge of the continent. In ideas of 
America and the US, there are opinions of it as the lost 
paradise, as well as of the golden future.6 However, there are 
also notions of America as a perverted vision of the future. 
Consequently, the US has represented both a positive version of 
modernity, containing democracy, equality and economic 
growth, and a negative version of modernity that promotes 
materialism, and represents a lack of historical consciousness 
and morality.7 
During the inter-war period, conceptions of Germany were 

even more complicated. At the turn of the century Germany had 
been seen as a model in Sweden; the German language was the 
first foreign language in school; school exchanges were 
organized between the countries, and the Swedish engineers 
saw German industrial development as ideal. Furthermore, the 
Swedish labour movement and the women’s rights movement 
had frequent contacts with their counterparts in Germany. 
Undoubtedly, Germany and Sweden had a similar culture and 
shared a common history. However, when Hitler seized power in 
1933, everything changed. Many people now regarded Germany 
as a medieval and barbarous country; nonetheless, some people 
and some groups considered the new National Socialist 
Germany to be a model that would solve the problems of 
modernity.8 
It is also interesting to look at how comparisons were made 

between medieval and modern society. Martin Alm highlights 
how many writers talk about medieval strains within American 
society and in their mentality. They compare industrial men to 
medieval feudal lords, put skyscrapers side by side with 
medieval cathedrals and associate religious fundamentalism 

                                                
5 Alm (2005), pp. 19–49. 
6 Evans (1976); Ambjörnsson (1994), pp. 65–68. 
7 The American historian Frank Costigliola claims that during the 20s the 
US represented democracy, youth and mass consumption in Europe: 
Costigliola (1984). See also Koht (1950). Cf. Alm (2002). For the US as a 
model of technological development, see also Björck (2004), p. 69. 
8 See e.g. Almgren (2005), p. 20; Oredsson (1996); Landgren (1975), pp. 
13–44; Björck (2004), p. 69. 
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with the persecutions of heretics.9 Thus, the comparison 
between medieval society and America was above all about a 
lack of interest in culture and education. On the other hand, 
when writers compare Germany to a medieval society, they refer 
to violence. The Soviet Union is also often said to be Asian, 
barbarous and violent.10 To sum up, all these countries were 
described both as modern and as a symbol of the future, and as 
medieval or barbarous, but in different ways.  
Swedish visitors were both impressed and terrified of the 

National Socialist transformation. The question was if it was a 
step backward to a medieval barbarism or a constructive way of 
meeting modernity. Sanfrid Neander-Nilsson, writing in the 
conservative paper Nya Dagligt Allehanda, meant that National 
Socialism was an ideology suitable 2000 years ago and 
introducing this ideology in a modern society could only be 
harmful.11 According to Neander-Nilsson, the National Socialist 
ideology was materialistic.12 Furthermore, many visitors 
emphasized the barbarism in the new National Socialist 
Germany; it was a step backward to the medieval period and its 
draconic view of mankind.13 Radical writers even say that the 
contemporary situation in Germany was even worse than the 
Middle Ages. They opine that the medieval barbarism in 
National Socialist Germany was ‘rationalized’. Modern 
technology and organization were used to achieve a higher 
efficiency, especially in the persecution of the Jews.14 Most of 
the Swedish travellers in Germany noticed that the National 
Socialist Germany combined the past, the present and the 
future. The difference between them was if they regarded this 
connection in positive or negative terms, and how they 
comprehended the place of technology in German society. 
The travellers describe their encounters with different forms 

of technology, but the technology in itself was seldom the main 
theme in their accounts; instead one finds a more general 
reflection on the place of technology in society. Neander-Nilsson 
                                                
9 Alm (2002), pp. 261–262. 
10 See e.g. Blomqvist (2002), pp. 13–38. Gustaf Hellström claims that 
Stalin had seized power through a medieval way of acting, Hellström 
(1937), p. 222. See also Stiernstedt (1935), p. 123. She compares the 
political oppression in the Soviet Union to the Inquisition. 
11 He meant, on the other hand, that the German spirit was idealistic, 
Neander-Nilsson (1934), pp. 24, 60, 97–99.  
12 Neander-Nilsson (1934), pp. 26–27. 
13 Many observers connected the persecutions of Jews to the Middle Ages. 
One example is Torsten Fogelqvist, see Lundkvist (2005), p. 241. 
14 Den bruna pesten (1934), p. 67. See also Den gula fläcken. Utrotandet av 
500 00 tyska judar (1936), p. 8. 
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missed an idealistic and moral dimension to society in National 
Socialist Germany, and, according to him, a society without 
these dimensions was barbarous and retarded irrespective of its 
level of technology. Those who meant that the new Germany 
combined medieval barbarism and technological efficiency 
maintained the same thing. Similarly, many people had begun 
to doubt the civilizing force of technology after the First World 
War.15 Furthermore, the optimism, which still was there, was 
further challenged by the economic crises in the 1930s. The 
question was if technology really was the answer to the crises. 
What should the balance be between technology and human 
beings in the future? 
This chapter will focus on Swedish travellers to National 

Socialist Germany and their encounters with technology. I will, 
however, compare their views with observations of travellers to 
the US and the Soviet Union. 
 
 

The travelogues and their context 

Travelogues were an expanding genre during the inter-war 
period.16 The analysed travelogues were mostly written during 
the 1930s, and it is important to underline that the travelogue 
is a product of its time and society. They were all written before 
the terror in Germany and the Soviet Union was fully known. 
Systematic reports from the concentration camps were first 
published in 1934. The travel accounts published around 1933, 
when Hitler had just seized power, have a different character 
than the ones published later, and even though the focus of the 
article is on the encounters with technology, the views reflected 
by them on the National Socialist ideology cannot be ignored. 
The analysed travelogues have all been published as books. 

They are just a small part of all the travel accounts that were 
written. Many Swedes went to Germany because of its 
geographical proximity to Sweden. Many accounts were 
published as articles in different newspapers, but I have not 
been able to analyse all of them. The analysed travelogues are 
sufficient to give a strong indication of the tenor of the 
discussion about the connections between technology, culture 
and modernity in Sweden during the interwar period.  
The big newspapers (for example Dagens Nyheter, Svenska 

Daglbadet, Nya Dagligt Allehanda and Stockholms-tidningen) all 

                                                
15 Adas (1989), p. 380. 
16 Kylhammar (1994), p. 54.  
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published reports written by well-known authors and 
intellectual leaders. Many of these reports were later published 
as books. The writers were among others Fredrik Böök, Gustaf 
Hellström, Sanfrid Neander-Nilson, Torsten Fogelqvist and 
Christer Jäderlund, and these reports were both positive and 
negative.17 
Fredrik Böök, the well-known literary critic, also wrote 

travelogues from Germany, for example Bil till Belgien (“With 
Car to Belgium”, published in 1937).18 Other travellers worth 
mentioning are the well-known explorer Sven Hedin, the author 
Bertil Malmberg, and Fanny von Wilamowitz-Moellendorff, 
sister of the deceased Carin Göring. Von Wilamowitz-
Moellendorff wrote a very positive account of the path Germany 
had chosen.19 The same has to be said about the account of 
Sven Hedin, Tyskland och världsfreden, (“Germany and the 
World Peace”, published in 1937). Hedin and Wilamowitz-
Moellendorff both emphasized that they had visited an 
unknown nation. Hedin compares the study of the new 
Germany to an exploration of the unknown and draws parallels 
to his journeys to Asia.20 Fanny von Wilamowitz-Moellendorff 
does the same thing, and her travelogue is entitled Resan till 
det okända landet. (“The Journey to the Unknown Country”). 
The author Bertil Malmberg had, on the other hand, a very 
ambivalent attitude to the new Germany. 
There are also reports from the secret communist resistance 

movement,21 but obviously these reports mainly deal with this 
movement, and very little in them is about common everyday 
life. Aside from all of the above-mentioned accounts, there are 
still other journeys worth mentioning. For example, some 
Swedish members of the Riksdag, researchers and industrial 
leaders visited Germany in 1937. The same year, the politicians 
Alva and Gunnar Myrdal, and Bertil Olin travelled to Germany, 
but these journeys did not result in any travelogues in book 
form.22 
The travelogues from the Soviet Union and the US, which will 

be the comparison material, were written in the late 1920s and 

                                                
17 Böök (1933); Hellström (1933); Neander-Nilsson (1934); Jäderlund 
(1937); Fogelqvist (1940). See also Rothstein (2005). 
18 Böök (1937). Böök published another book in 1935, containing 
accounts from Germany and France, Böök (1935).  
19 von Wilamowitz-Moellendorff (1933). 
20 Hedin (1937), p. 9. 
21 See e.g. Cell 1117 arbetar illegalt: ett reportage från Hitlertyskland om de 
tyska kommunisternas outtröttliga underjordiska arbete (1934). 
22 Almgren (2005), pp. 75–76. 
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the 30s, and those who travelled to the Soviet Union were 
journalists and writers of different kinds.23 Radical women 
appreciated the new equality in the Soviet Union, and the paper 
of the social democratic women’s club, Morgonbris, arranged 
journeys to the country. 24 Worth mentioning is that the writer 
Gustaf Hellström wrote travelogues both from his visit to 
Germany in 1933 and the Soviet Union in 1937.25 The accounts 
from the US are even more diversified; many Swedish 
preachers, for example, went to the US.26  
The most distinct difference between the accounts from 

Germany and the ones from the Soviet Union and the US is 
that the travellers were familiar with the Germany that existed 
before the National Socialists assumed power. They had been to 
Germany before, and they knew a lot about German culture. 
Their main interest was how this culture had changed after the 
National Socialist transformation. People, who had good 
relations with the German administration or the political elite, 
wrote most of these travelogues. For example, Sven Hedin 
received a lot of information from among others Walter Funk, 
State Secretary of the Propaganda Ministry.27 It is no exaggera-
tion to say that Hedin was a guest of the German regime. The 
writer Christer Jäderlund was another of the travellers with 
excellent relations to the Germans; he had fought for Germany 
in the First World War.28 Fanny von Wilamowitz-Moellendorff 
was Göring’s sister-in-law, and the author Bertil Malmberg had 
studied in Germany and was deeply impressed by German 
culture. These travellers did not represent a more general 
Swedish view of German culture, but many of them were 
influential in the Swedish public sphere, and their statements 
can also be seen as contributions to an ongoing debate about 
the relations between technology, culture and modernity. 
However, travellers to the Soviet Union had to cooperate with 

the regime even more than the travellers to Germany. It was 
very hard to travel on your own, especially during the 1930s, 
and the organisation Intourist, run by the Soviet state, arranged 

                                                
23 Stiernstedt (1935); Idestam-Almquist (1932); Hellström (1937); Harrie 
(1938); Vougt (1938).  
24 Reports and articles from this journey are published in many papers, 
for example in Morgonbris and Tidevarvet. 
25 Hellström (1933) and Hellström (1937). 
26 Martin Alm’s investigation (2002), has also been a complement to my 
own investigation. 
27 Hedin (1937), p. 25. 
28 See the preface by Åke Thulstrup in Jäderlund (1937), pp. 5–6. 
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and planned the trips to the Soviet Union.29 Independence as a 
traveller was hard to achieve because many of the travellers did 
not speak Russian, and they were dependent on interpreters. 
Because of that, the life the travellers could observe was mainly 
a combination of expectations, prejudices and an arranged 
reality, but as a vision of a future society their comments are 
useful.  
In Germany the Propaganda Ministry also tried to arrange the 

reality the travellers ought to see, but travelling on your own 
was much easier in Germany. The language was in most cases 
not a problem, and many had friends they could visit.30 In the 
US, the problems of travelling on your own were even less, and 
nobody tried to arrange the reality you would encounter. Only 
the financial situation of the traveller could impose limitations 
on the journey.  
Many of the travelogues were debated; the account written by 

Sven Hedin was for example so controversial that his usual 
publishing house did not want to publish it.31 The same fate 
happened to Fredrik Böök and his account from 1933.32 
Most of the travellers did not want to introduce the political 

systems of the Soviet Union, the US or Germany in Sweden, but 
the travellers found some things interesting and worth copying. 
Technological development was, for example, one of the spheres 
they appreciated, but they stressed that for it to be positive it 
had to be connected to some kind of moral sphere as well. 
 
 

Modern travelling  

New ways of travelling made transportation much easier during 
the nineteenth century. The expansion of the railways and the 
use of the steam engine to ships during this period made the 
distances smaller, and during the twentieth century the car and 
the airplane simplified transportation even more. New ways of 
transportation also influenced how the landscape was under-
stood. From a car or a train window one saw a constantly 
changing landscape, which led to new ways of comprehending 
it. Wolfgang Shivelbush writes about how the increasing use of 
the railway resulted in a feeling of travelling outside instead of 

                                                
29 Margulies (1968), p. 63. 
30 See Schwarz (1993), pp. 80–100, especially pp. 80–82. 
31 Wennerholm (1978), p. 251. Some critical remarks led to it remaining 
unpublished in Germany until the war was over.  
32 Nordin (1994), p. 277. 
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inside the landscape.33 During the inter-war period, travelling 
increased even more, and the means of communication were 
further improved.34 How the travellers comprehended these new 
means of communication is one example of their visions of how 
technology ought to be integrated within a modern society.  
The expansion of the railways and the new motorways 

impressed many of the travellers in Germany. Yet, the travellers 
were not always aware of whether the investments were about 
creating new jobs, or connecting different parts of Germany, or 
if it was about the preparation for war. 
Sven Hedin was among those who were very impressed with 

the modern communications in the new Germany. The new 
airport in Frankfurt was, according to him, the biggest in the 
world, and the technological equipment was absolutely modern: 
“No power in the world could prevent the German aircrafts and 
airships from flying on the endless sea of the atmosphere. And 
probably the time is not far away when the German motor eagle 
will conquer the frontiers of the eternal space.”35 Hedin 
comprehended Germany as once more the leading country in 
technology, just as it was before the First World War. In his 
vision, German technology would reach the limits of eternity, 
and his account of the German aircrafts was almost religious. 
Hedin was keen on all modern modes of transportation. He 

thought the motorways were excellent both for communication 
and for distributing political messages. Adolf Hitler had 
understood this more than any other leading politician, Hedin 
stated. He even quoted Hitler: “In the motor, the humans got 
this easily manageable and usable force which has led to one of 
the most thorough changes in the world since the beginning of 
the human cultural life”36  
Hitler frequently used symbols for modern communications 

in his propaganda. This is, for example, obvious in Leni 
Riefenstahl’s propaganda film Triumph of the Will (1935), which 
is about the Nuremberg Rally in 1934. At the beginning of the 
film, Hitler arrives to a medieval Nuremberg in an aircraft from 
                                                
33 Schivelbusch (1984), pp. 49–64. See also Löfgren (1999), pp. 47–48. 
34 Kylhammar (1994), pp. 45–46, 52, 54. 
35 Hedin (1937), pp. 217–220, quotation p. 220. My translation. (”För 
tyska luftskepp och flygmaskiner kan ingen makt på jorden spärra atmo-
sfärens ändlösa hav. Och sannolikt är den tid icke avlägsen, då tyska 
motorörnar göra för oss ofattliga erövringar i stratosfärens vidder på 
gränsen till den eviga rymden.”) 
36 Hedin (1937), p. 220. My translation. (”I motorn fingo människorna 
denna lätthanterliga och över allt användbara kraft, som fört till en av de 
mest genomgripande omvälvningar världen alltsedan det mänskliga 
kulturlivets begynnelse bevittnat.”) 
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heaven. The film thus combines modernity with history. This 
example is similar to Sven Hedin’s argument. 
Hedin opines that the improved communications were a way 

of creating a more united Germany, but he was also aware of 
the benefits of the projects from the perspective of unemploy-
ment; for example, that it had led to new job opportunities.37 
On the other hand, he does not mention the meaning of the 
motorways for a coming war. Certainly, he was aware of the 
German rearmament, but he was also sure of Germany as a 
peace-loving country.38 Hedin was impressed by the new 
motorways and the improvements to the communications, and 
he saw it as a proof of the reestablishment of Germany as one 
of the most technologically advanced countries in the world. For 
him the technology was just another part of the competition 
between the nations.39 
Fredrik Böök as well was positive to the motorways and saw 

them as part of the technological progress in his travelogue Bil 
till Belgien (“With Car to Belgium”, published in 1937). He 
states that if “you had driven hundreds of kilometres on a real 
motorway, to your astonishment you will discover that you have 
been part of something new.” One does not need to worry any 
longer about irrational disturbances such as crossings, and the 
risk of accidents had diminshed. Böök observes that these 
motorways had made travelling smooth and relaxed.40 He saw 
the motorways mainly as a way of simplifying travelling and 
uniting a big country. In his vision of the future, all 
transportation ought to take place on the motorways to 
minimize the speed on the bypaths.41 Fredrik Böök was really 
positive to the car and its potentials and saw no negative effects 
of this form of transportation. More people had had the 
opportunity to get a car, and their freedom had increased. 
Furthermore, the car gave people the possibility of seeking 
recreation in the countryside, according to Böök.42  
Böök also meant that the motorways had an aesthetic value; 

its usefulness made it beautiful: “The motorway, seen in its own 
way, has such a simple and persuading mark of practicality, of 

                                                
37 Hedin (1937), p. 221. 
38 Hedin (1937), pp. 314–323. 
39 Cf. Björck (2004), p. 203. 
40 Böök (1937), pp. 26–31, quotation p. 26. My translation. (”har man kört 
några hundra kilometer på en riktig bilväg, så upptäcker man till sin 
häpnad, att man varit med om något alldeles nytt.”) 
41 Böök (1937), pp. 33–35 
42 See e.g. Böök (1937), p. 37. He praised the car already in his book, Resa 
i Sverige (1928), see Löfgren (1999), p. 59 and Nordin (1994), p. 310. 
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force, and greatness and reason that it evokes a spontaneous 
satisfaction, and this satisfaction is also aesthetic; it turns into 
something beautiful.” Certainly, the road was surrounded by 
bare ground, Böök writes, but going on motorways across the 
mountains was quite an extraordinary experience. He also 
states that the motorways could be of use for military aims.43 
Finally, he means that the car did not only free mankind; the 
technology had also liberated the horse from having to perform 
hard work.44 Consequently, Böök saw the new motorways 
mainly as symbols of the positive sides of the technology, and 
its usefulness made them beautiful. 
Wolfgang Schivelbusch compares the measures taken in 

Nazi-Germany and the New Deal in the US, and he emphasizes 
the symbolic meaning of the German motorways. Earlier 
research has mainly seen the motorways as a part of the 
German preparations for war, but lately, researchers have 
emphasized the National Socialist rhetoric of the motorways 
since it was used to manipulate the masses and make them 
positive to the regime. These researchers do not see the Third 
Reich as a big prison, but more as a huge recreation park. The 
creation of the leisure time program Kraft durch Freude 
(Strength through Joy) and the motorways can be seen as 
examples of these tendencies.45 The purpose of the propaganda 
of the motorways was to show the merger of nature and 
culture; the roads were to connect the technology to nature. 
They were not to destroy the landscape, but to make it even 
more beautiful. Historians have not been able to agree on 
whether this was an aim in itself or just propaganda.46 At least 
some Swedish travellers obviously interpreted it as an aim in 
itself. 
Even the author Bertil Malmberg meant, in his travelogue 

from 1936, that the motorways were an aesthetic experience. 
He also comments on the roads as a part of the German 
preparations for war although he had heard that they were not 
of much use for military purposes. On the other hand, he did 

                                                
43 Böök (1937), pp. 31–33, quotation p. 31. My translation. (”Bilvägen för 
sig själv betraktad har en så enkel och övertygande prägel av 
ändamålsenlighet, av kraft och storhet och förnuft, att den framkallar en 
omedelbar tillfredställelse, och denna tillfredställelse får också en estetisk 
färg, den blir ett skönhetsintryck.”) Cf. von Eckerman (1939), pp. 7–8. The 
motorways also impressed him.  
44 Böök (1937), p. 45. 
45 Schivelbusch (2005), p. 158–159. 
46 Schivelbusch (2005), p. 160–161.  
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not consider himself to be competent to judge. He describes a 
motor trip on these roads as fantastic: 

 
It was unreal; it was like this utter realistic creation: this 
triumph of rational human sense could just be dissolved as 
phenomenon of light and disappears like a dream. I did 
regret that I had not taken an interest in the technological 
problems, the methods and purposes of modern engineering, 
more than in a superficial and absentminded way, so I could 
really understand what I was seeing and describe it in other 
than oversimplified and enthusiastic words.47 

 
He further describes the middle of the roads as a beautiful 
place of green between two roads of speed.48 Malmberg saw the 
German motorways as ”the artistic symbol of the worship of the 
Third Reich and its technological efficiency.” There was nothing 
strange about that because Malmberg meant that dictatorships 
had to confirm their glory.49 The technological development in 
Germany was, however, not just positive; it created, according 
to Malmberg, its own Armageddon. He saw a correspondence 
between the dynamics of modern nationalism and machines. 
Modern nationalism was rationalized: “Modern nationalism is a 
technological miracle; technology determines its structure while 
nationalism constantly works on intensifying the technology.“ 
The result, according to him, would be that the State and 
science together would create a war machine, which would be 
perfect but would also have the short life and fragility of the 
perfect machine.50 Consequently, technology was worth 
admiring, but it was also ambiguous because it led to its own 
destruction. It is interesting that both Böök and Malmberg saw 
the technological aesthetic as something beautiful; technology 
had an aesthetic value that was a result of its usefulness. 

                                                
47 Malmberg (1936), pp. 141–142. My translation (”Den hade ett tycke av 
overklighet, det var som skulle denna med ytterlig realism uppbyggda 
skapelse, denna det nyktert räknande mänskliga förståndets triumfväg, 
kunna oförtänkt upplösas som ett ljusfenomen och bli borta likt en dröm. 
Hur beklagade jag icke, att jag aldrig ägnat de tekniska problemen, den 
moderna ingenjörskonstens metoder och målsättningar mer än ett flyktigt 
och förstrött intresse, så att jag nu verkligen kunnat begripa vad jag såg 
och beskriva det även med andra ord än den onyanserade entusiasmens.”) 
48 Malmberg (1936), p. 142. 
49 Malmberg (1936), p. 147. My translation. (”den konstnärliga sinnebilden 
för det tredje rikets dyrkan av tekniskt effektivitet.”) 
50 Malmberg (1936), pp. 149–151, quotation p. 51. My translation. (”Den 
moderna nationalismen åter är ett tekniskt underverk; tekniken 
bestämmer dess struktur, medan nationalismen i sin ordning oavlåtligt 
arbetar på att intensifiera tekniken.”) 
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Malmberg, however, also saw the inherent destruction in the 
technology. 
Christer Jäderlund was also an admirer of the neat German 

motorways, but he does not talk about the aesthetic value of 
the roads.51 He saw the motorways as a way of achieving rapid 
and comfortable transportation. He meant that if one wanted to 
see the real Germany, one ought to avoid the big motorways; 
the real Germany was not a modern and technological country, 
but a wonderland or an old traditional rural society.52 
According to Jäderlund, the improved communications could 
help people to discover the true Germany, and this was not a 
modern society, but a pastoral idyll. For him the technology 
involved in the motorways was just a way to reach the ideal 
society. 
There are also other comments on the German communica-

tions. The German Volksauto, the car designated for every 
German, was said to be a miracle, and many observed aircrafts 
circulating in the air.53 Sven Aurén, a staff member working for 
the conservative paper Nya Dagligt Allehanda, was, however, an 
exception from the above-mentioned homage of the German 
motorways. He meant they were boring: “It is really arduous to 
go on this purposeless, uneventful concrete floor, straight as an 
arrow. It is so boring that already after an hour you get 
nervous.”54 When he finally left the monotonous motorway, he 
was really happy to be on a real road again.55 For him, human 
beings were not yet adapted to the speed of the motorways. 
Technology and human beings were not in the same phase of 
development. 
Travellers to the Soviet Union and the US during the 30s 

commented on the modern communication systems in the 
respective countries in a partially similar way. Martin Alm 
states that Swedes, during the inter-war period, saw the US as 
a technological civilization, but as morally and culturally 
backward.56 The communication systems were a part of this 
technological civilization. The travellers to the US often began 

                                                
51 Jäderlund (1937), p. 242. 
52 Jäderlund (1937), pp. 331–352. 
53 von Eckerman (1939), pp. 5, 7, 35. 
54 Aurén (1937), p. 9. My translation. (“Det är sannerligen påfrestande att 
åka på detta ändlösa, spikraka, händelselösa betonggolv. Det är så 
ledsamt, att redan efter någon timme börjar man känna det krypa av 
nervositet inom sig.”) 
55 Aurén (1937), p. 13. Nor did he like to go by the aircraft, because he felt 
himself caught, see Aurén (1939), p. 170 
56 Alm (2002), pp. 250–254. See also Hansson (1999), pp. 198–205. 
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their travelogues with their departure from Sweden and when 
they finally arrived in New York with its skyscrapers and hectic 
metropolitan life, they described it in detail.57 On their arrival in 
New York, they observed the speed in the city. The subway and 
the crush of people were often described with both fascination 
and horror, but the conclusion of the account was often 
satisfaction at the solutions to the problems of communication. 
The crowded roads were seen as well organized even if some 
travellers found them hectic.58 
The hectic life in the metropolis was sometime seen as a 

symbol of American technological civilization, and the life of the 
city was perceived as mechanical. The writer Maud von Rosen, 
who travelled to the US as a member of the Swedish legation, 
explains, for example, her encounter with New York as 
something new. The speed was both horrifying and fascinating, 
and people are described as cogwheels in a machine.59 
However, von Rosen was very ambivalent in her view of New 
York. She loved the hectic life of pleasure, but at the same time 
she criticized the mechanical life because human beings were 
not respected.60 The social democrat Gunnar Löwegren, who 
visited the US in 1931, makes a similar observation. He 
considers the communications to be too noisy, but he was 
mainly positive anyway to the organization of public 
communication in New York.61 According to him, the technology 
was good, but it should not disturb domestic life, and there 
ought to be a place beyond the hectic modern life even in the 
city. For him the contemporary social system in the US, 
capitalism, was the best form of organization although some 
further planning was required. 
Above all, the Swedish travellers saw the car as the most 

relevant symbol of American technological civilization.62 The car 

                                                
57 Cf. Lagerkvist (2005), pp. 69–78, pp. 82–86. 
58 Björk (1928), pp. 28–29; Hultman (1926), p. 42; Hirdman (1926), pp. 
96–97; Löwegren (1931) pp. 86, 215–216; Elgström & Collijn (1927), pp. 
52–53, 56 
59 von Rosen (1933), p. 15. Cf. Brunius (1934), p. 63, who compared New 
York to an engine-room.  
60 About the account of von Rosens, see also Cronqvist & Edman (2001), 
pp. 242–262. 
61 Löwegren (1931), p. 114. 
62 Cf. O’Dell (1997), p. 114. See also Alm (2002), p. 241. About the 
connection between the car and modernity, see also Bolinder (2001), pp. 
24–27. Despite of this, the American railways, and especially the Pullman-
cars, were often elevated by the Swedish travellers in the US, see e.g. 
Björk (1928), pp. 66–67; Hultman (1926), pp. 366–368; Löwegren (1931), 
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symbolized individual capacity for mobility without limits, and 
it was accepted much earlier in the US than in Europe. The 
German ethnologist Wolfgang Kashuba means that in American 
popular and everyday culture, the car became an object of love, 
like an extended part of the body.63 
The Swedish travellers comprehended the car as a must in 

American everyday life, and even common workers could afford 
it.64 Therefore, the economic crises in the 30s struck even 
harder because many could not afford to renew their license or 
pay for petrol.65 The Swedish author Albert Viksten was 
travelling in the US some years after the worst crisis was over, 
and he emphasized that it was as common to have a car in the 
US as it was to have a bike in Sweden. According to him, this 
was not to be seen as something that was solely good, since the 
great number of cars also created traffic jams. In New York City 
it was sometimes more efficient to walk than to take a cab. The 
speed and the many accidents were, according to Viksten, 
symbols of how speed had penetrated life in the US. He also 
pointed to the trailers and their inhabitants as another 
expression of the American mentality. It was a practical way of 
solving the housing shortage, but it was also a social problem; 
many of the people who chose that lifestyle were outlaws. 
However, according to Viksten, everyone was not poor, and 
some of them had deliberately chosen this kind of life.66  
The car symbolized freedom and mobility. Machines are often 

regarded as male, but it was common that the travellers 
elevated the female driver.67 Most of the travellers did not see 
this negative, but it was sometimes connected to notions about 
American mass culture. American mass culture, which was 
made possible through improved technology, was said to 
vulgarise the culture, and one of the reasons, people said, was 
the dominant position of women in American society.68 
The car was a part of this mass culture, but it could, like in 

the travelogues from Germany, also give people an opportunity 
                                                                                                                                              
pp. 149-151; Elgström & Collijn (1927), pp. 205–207; Lindhagen (1926), 
pp. 130–131; von Rosen (1933), pp. 74–75; Hultman (1926), p. 51. 
63 Kashuba (2004), pp. 180–183. 
64 Björk (1928), p. 30. 
65 Rydqvist (1933), pp. 64–65. 
66 Viksten (1938), pp. 52–55. About the crowded traffic, see also Elgström 
& Collijn (1927), p. 56. About vagabondes living in their cars, see also 
Rangman (1931), p. 159. Maj Hirdman saw this life as a kind of freedom: 
Hirdman (1926), pp. 106–108. 
67 See e.g. Hirdman (1926), p. 105; Lindhagen (1926), p. 123; Hård af 
Segerstad (1925), p. 63. 
68 Alm (2002), pp. 238–246, 265–269. 
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to escape their hectic modern lives. The author Maj Hirdman 
meant that the car allowed people to escape the big cities for 
calmer and more peaceful surroundings, and she admitted that 
she hoped the car would become as common in Sweden as it 
was in the US in the future.69 Some of the Swedish preachers 
who visited the US also highlighted that the car and the 
improved roads made it possible for the preachers to reach 
more people and offer them salvation.70 Technology was in 
these examples seen as a way to reach more idyllic and 
traditional communities. Consequently, the car was not just a 
symbol of modernity but also a means of escaping from it. 
Despite a general positive attitude towards the liberating 

potential of the car, it could also be connected to negative 
aspects of American modernity. One writer states, for example, 
that the car was an excellent aid in crimes; it made a quick 
escape from the scene of the crime possible.71 Furthermore, the 
car was a space protected from view, and it thus also gave 
youth a means to withdraw from the moral supervision of their 
parents.72 To sum up, the car was an ambiguous symbol, thus 
underlining the ambivalent feeling many Swedes had regarding 
American modernity. Certainly, many were aware of the 
liberating potential of the car, but felt that the freedom could be 
misused. The economic crises also made it clear how vulnerable 
a society was when it had become dependent on the car. 
On the other hand, the travelogues from the Soviet Union 

emphasize the lack of cars and public communications. 
However, travellers describe the traffic in the two big cities, 
Leningrad and Moscow, as intense, and they note the long 
queues, the crowds in the trams, and on the roads.73 Many 
travellers state that women were often conductors or control 
officers, which they saw as a proof of the improved position of 
women in the Soviet Union.74 They noticed the contrast between 
good roads in the cities and bad roads in the countryside, but 
the roads in the city were also criticized even if some travellers 
could add that the Soviet regime had more important things to 

                                                
69 Hirdman (1926), p. 104. 
70 Hultman (1926), pp. 64–65; Björk (1928), p. 156. 
71 Hirdman (1926), pp. 136–137. 
72 See e.g. Elgström & Collijn (1927), pp. 251–252. Cf. O’Dell (1997), p. 
143. He writes about how provocative the hot rods were in Sweden during 
the 1960s, especially the sexual immorality was seen as a threat.  
73 Vougt (1937), pp. 9, 14; Hellström (1937), p. 38, 51; Andersen Nexø 
(1934), pp. 85–86; Idestam-Almquist (1932), p. 70–72. 
74 Hellström (1937), p. 28; Idestam-Almquist (1932), pp. 71–72; Vanner 
(1936). See also Adamson (1926), p. 9. 
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do than repairing roads.75 Equally, the author Marika 
Stiernstedt meant, in her travelogue from 1935, that going by 
the train in the Soviet Union was no problem, but obviously it 
was not an area of priority.76 The travellers disapproved of, for 
example, the service between Leningrad and Moscow. Bengt 
Idestam-Almquist went by this train and observes somewhat 
laconically that the speed was not overwhelming. He reached 
Moscow with a two-hour delay.77 He opines that the Soviet 
Union had not caught up with its own rate of modernization. 
The regime gave priority to industrial development, which 
caused an interruption in the development of the roads and 
communications. The Soviet Union was thus a paradox. In 
some ways it was technologically advanced, in others it was 
behind the times. 
Many travellers also comment on the construction of different 

canals, and many show an awareness of the fact that forced 
labour was used.78 However, one can also find examples where 
visitors emphasize that ‘voluntary’ manpower was a proof of the 
solidarity in Soviet society.79 The newly constructed metro also 
impressed some visitors, but the expensive luxury was 
disdained. The writer Ivar Harrie saw, for example, the 
splendour as a Russian characteristic with roots in history.80 
The Soviet communications were by most of the Swedish 

travellers seen as being in an imperfect state. The Soviet people 
were not mature enough for their own level of modernization. 
Expensive constructions were instead connected to the time of 
the Czar and to an Asiatic and barbarous past, emphasizing 
that industrialization and modernization were seen as 
completely different in the Soviet Union from how both concepts 
were conceived in Sweden and Western Europe. 
 
 

                                                
75 Stiernstedt (1935), pp. 20, 89, 118. See also Casan (1934). 
76 Stiernstedt (1935), p. 111. See also Idestam-Almquist (1932), pp. 106, 
125. 
77 Idestam-Almquist (1932), pp. 105-109. Bengt Idestam-Almquist was so 
brave that he took an aeroplane. The Soviet Union was very proud of their 
aircraft, but even this transportation proved the backwardness of the 
Soviet Union, Idestam-Almquist (1932), pp. 153–164. 
78 Stiernstedt (1935), pp. 163–164; Vougt (1937), pp. 38-39. 
79 See e.g. Hirdman (1934); Björk (1931). Martin Andersen Nexø states 
that the White Sea Canal project was a kind of rehabilitation for the 
prisoners, Andersen-Nexø (1934), pp. 47–63. Cf. Fitzpatrick (2000), pp. 
76–77 
80 See e.g. Hellström (1937), pp. 47–48; Harrie (1938), pp. 55–56. 
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Agricultural and industrial technology 

To deepen the analyses I have also studied the travellers’ more 
general view of the place of technology in the societies they 
visited. The Swedish travellers to Germany were not primarily 
interested in industrial progress; however, when they describe 
the National Socialist society, they also reveal their views on 
industrial progress in their accounts. We have for example seen 
it above in the discussion of modern communications. On the 
other hand, many travellers also emphasize that Hitler 
promoted the farmers. The visitors who appreciated what they 
meant was a new estimation of history and a more traditional 
way of life had a positive attitude to the transformation 
occuring in the countryside, and they point out that Hitler and 
the National Socialists had taught the farmers to appreciate a 
traditional lifestyle instead of the decadent lifestyle of the 
cities.81 Those visitors were, however, not hostile to technology 
in itself; for example, Sven Hedin emphasized that Germans 
used all possible technological aids to create more cultivated 
land. He writes specifically about the Rhön project, which was 
about making an infertile area into an ideal agricultural 
district. According to Hedin, it was about “how the new men 
with irrepressible energy managed to subjugate the land and 
transform waste into arable land, fields, bread and money.”82 
The Rhön project was a part of the compulsory Labour Service, 
and Hedin describes how the workingmen were clearing, 
watering, and trenching the land and then planting.83 Hedin 
praised all of the technological progress, but obviously in his 
account, technology was used to recreate a patriarchal peasant 
culture. In addition, the published photos in Hedin’s travelogue 
from the project did not show any technical aids, but men 
working with their spades. 84 
Hedin’s interpretation of the National Socialist state was that 

it was patriarchal in a positive sense. Gauleiter Hellmuth, who 
led the work at the Rhön project, was a father watching his 

                                                
81 See e.g. Böök (1935), p. 14; von Wilamowitz-Moellendorff (1933), pp. 31, 
56; Jäderlund (1937), pp. 84–106. 
82 Hedin (1937), p. 138. My translation. (”hur den nya tidens män med 
okuvlig energi betvinga jorden och förvandla ödeland till åkrar, ängar, 
bröd och pengar.”) 
83 Hedin (1937), pp. 141–142. 
84 e.g. photographs in Hedin (1937), before p. 145. Fanny von Wilamowitz-
Moellendorff comments the Labour Service in the same way. She observes 
singing men with swinging spades. The Labour Service is in this example 
not connected to technology, von Wilamowitz-Moellendorff (1933), pp. 7–8. 
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flock of labourers. The people saw something special in him; the 
class struggle had disappeared, and instead the people were 
united. According to Hedin the people had confidence in their 
leader, and Hellmuth knew most of the workers as well as his 
own household.85 This kind of project, Hedin opined, was worth 
copying, and according to him, Hellmuth was positive to 
Swedish visits.86  
Mostly, when Hedin wrote about the Labour Service, the 

technology in itself was not at the centre, but the naked force, 
the work the men could do just with a spade.87 However, Hedin 
was obviously positive to the benefits of technology even if the 
technology in itself did not impress him so much as the will-
power behind different technological projects.88 
The travellers who describe the Labour Service and the 

peasant culture in National Socialist Germany did not 
emphasize the technological aids, and those who did pointed 
out that the goal was the re-creation of a traditional life. 
Modern technology was, so to speak, a way to handle modern 
life even if the purpose was a re-creation of a more harmonious 
and traditional lifestyle. Craftsmanship was described in the 
same way. 
The travellers who mention the new status of craftsmanship 

in the new Germany often put it in contrast with mass 
consumption and mass production. According to these visitors, 
craftsmanship flourished in the new Germany, and not least a 
new and improved organizational structure made it possible to 
compete with mass production.89 The men were now able to 
work, Sven Hedin emphasizes, and he opines that now the man 
was at the centre, not the machine.90 Certainly, for example, 
Christer Jäderlund points out that machines were used, but 
just to simplify the work. The machines, which made men 
superfluous, were not used.91 Once again the point was that the 
aim of using technology was to recreate a traditional way of life. 
Therefore, Germany was seen as an alternative when some 
                                                
85 Hedin (1937), pp. 141–143. About a patriarchal interpretation of the 
National Socialistic State, see also Jäderlund (1937), pp. 151–152, 260, 
265–266; Böök (1937), pp. 96, 102–103. 
86 Hedin (1937), p. 147. 
87 Hedin (1937), pp. 176–196. 
88 Hedin (1937), pp. 192–193. Jäderlund writes also about different 
techniques to get more arable land, so that Germany once more could 
support oneself, Jäderlund (1937), p. 117. 
89 See e.g. Jäderlund (1937), pp. 80–83. 
90 See e.g. Hedin (1937), p. 121. See also Alma Hedin in Hedin (1937), p. 
200. 
91 Jäderlund (1937), pp. 80–83. 
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Swedish writers discussed the American technology. According 
to the historian Martin Alm, people could find a combination of 
the material and moral dimension in Germany.92  
Sven Hedin handles the factories he visited in the same way. 

He did not have a thorough knowledge of the technological 
process, but he describes the workers in Krupp’s factories 
aesthetically.93 He compared the production of artificial rubber 
to magic; it was almost like alchemy. 94 Modern technology 
became something magical. Similarly, Böök had a positive 
attitude to the factories he visited, and he was impressed by the 
social welfare system.95 He was also fascinated by the industrial 
aesthetic and, like Hedin, he compared modern technology to 
magic: 

 
It was a pleasure walking around in the light, happy and 
spacious factory premises, where the modern machinery was 
working with total control; you are not easy getting tired of 
watching the machines of packaging, at least if you have 
your childlike mind left [...] Everything is clean, so easy, so 
comfortable, a complete magic and, contrary to many other 
witcheries, this has a rational and attractive purpose.96  
 

In the same way as some of the other visitors, Böök found it 
positive that the machines had taken over the dirty work and 
human beings controlled the machines.97 
Travellers to the Soviet Union and the US did apprehend 

technology in a different way. During the inter-war period 
many, who travelled to the US, were motivated by American 
technological development.98 During the 20s, the interest was 
in studying work methodologies. After the crises, this interest 
decreased, and persons interested in rationalization went to 
Germany instead – although not much trace of this can be 
found in the analysed travelogues.99 At the same time many 

                                                
92 Alm (2002), p. 254. 
93 Hedin (1937), p. 207. 
94 Hedin (1937), p. 209. 
95 Böök (1937), pp. 102–107. See also pp. 110–111. 
96 Böök (1937), p. 108. My translation. (”Det var en lust att gå kring i de 
ljusa, glada, rymliga fabrikslokalerna, där det modernaste maskineri 
arbetade med den fullkomligaste precision; man tröttnar inte lätt att 
betrakta paketeringsmaskinerna, åtminstone om man har något kvar av 
barnasinnet [...] Allt är så rent, så lätt, så bekvämt, ett fulländat 
trolleristycke, och i motsats till många andra häxkonster har det hela ett 
förnuftigt och tilltalande syfte.”) 
97 Böök (1937), p. 109. 
98 Björck (2004), p. 233; Alm (2002), pp. 150–154. 
99 Berner (1981), p. 240. 
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Swedish writers apprehended the American culture as immoral 
and lacking in historical consciousness.100 
State intervention in the economy in the US, usually called 

The New Deal, was often set against the Soviet planned 
economy. Among the Swedish travellers during the 30s, there 
were many different ways of apprehending technology and its 
place in Soviet society. People, who represented the radical left, 
sometimes praised the Soviet planned economy, and how it had 
penetrated the whole society and created an effective and 
unsentimental attitude towards life. These people especially 
emphasized the new attitude to work,101 and they saw Soviet 
technological development in the tradition of the Enlighten-
ment.102 For example, they saw the collectivisation of the farms 
and its consequences as a necessary evil, which in the future 
would lead to an incorporation of the peasants into modern 
society.103 For them, technology was good because it was a way 
to reach a more just society in the future. 
However, many liberal travellers were ambivalent towards the 

machine culture they meant that they saw in the Soviet Union. 
The writer Gustaf Hellström, who visited the Soviet Union 
together with some colleagues in 1937, compared the Soviet to 
the US; the development was hurried, and materialism was at 
the centre. In the Soviet Union, the machine was God; the 
factory was the temple; the workers were the worshippers, and 
industrialism was the new religion of the state. According to 
Hellström, no space for any other needs was available. In the 
US, there was at least room for a moral dimension, which 
appeared in religion and philanthropy.104 Other travellers 
criticized the high speed of production, which led to machinery 
breakdowns.105 This was turned into evidence for the back-
wardness of the Soviet people, who had not managed to handle 
modernity and technology. If the Germans, in Hedin’s, 
Wilamowitz-Moellendorff’s and Jäderlund’s interpretations used 
technology in a satisfactory way because the goal was a 
pastoral idyll, Gustaf Hellström and other liberals saw Soviet 
industrialization and modernization as incomplete. The 
travellers thus based their conclusions on completely different 
ideologies, but in both views technology was not enough to 
create a good modern society. Just like the critics of American 

                                                
100 See Alm (2002), pp. 221–224; Hansson, 1999, pp. 198–205. 
101 Björk (1931); Björk (1933); Björk, (1932) 
102 Cf. Leth (2005). See also Knickerbocker (1931). 
103 See e.g. Björk (1934). 
104 Hellström (1937), pp. 61–64. 
105 See e.g. Stiernstedt (1935), pp. 101–103. 
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technological civilization, they all meant that it was important 
to combine technology with some kind of moral dimension if 
society was to be modern in a positive way. 
 
 

Concluding remarks 

Using the terminology of many of the travellers, the discussion 
was about the concepts of materialism and idealism. Many of 
the travellers did not like the dominating materialism they met 
in the different countries. Technology and machine culture had 
penetrated too much of society, and there was no space for 
human beings. A materialist modernity should be combined 
with an idealism or, one could say, with morality, in order to be 
a good alternative for the future. It is easy to find some of the 
different traditions of the understanding of technology which 
Kylhammar has distinguished. Most interesting is that indepen-
dent of ideological background and destination, the travellers 
elevated the moral dimension as important. None of the 
analysed travelogues were written by technocrats or prophets of 
doom. The technocrats were usually engineers or were at least 
technologically skilled, and none of the travellers belonged to 
this group, which can be a reason for not finding any techno-
cratic opinions in the analysed travelogues. 
The most common comprehension of technology by the 

Swedish travellers to Germany is in the form of a critique of 
contemporary civilization. The technology could, however, be of 
good if it was a way to create a more traditional life. For 
example, the travellers who were positive to the technology they 
met in Germany did not comprehend the technology as 
immoral. Sven Hedin and Fredrik Böök meant, for example, 
that agricultural machines, factories and improved communica-
tion were connected to a moral dimension. They appreciated the 
social welfare program as an example. And, at least Sven Hedin 
saw the use of technology as a way to recreate a traditional life. 
Persecutions of Jews and political oppression were not reasons 
enough to criticize the National Socialist way of dealing with 
modernity. The fascination of both Hedin and Böök was based 
on a love for German culture and a conviction of the injustice of 
the Treaty of Versailles.106 Furthermore, the historian of ideas, 
Svante Nordin, points out that when Böök did abandon his 
idealism for a historical materialism, he also gave up a 
retrospective classicism in favour of optimism regarding the 

                                                
106 Cf. Nordin (1994), p. 432 and Wennerholm (1978), pp. 245–253. 
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future.107 His optimism with regards to technology found 
expression in this change. However, some of the travellers to 
Germany also had a more traditional view of technology – 
everything was happening too quickly, and the humans were 
not able to keep up mentally. 
The critique of American technological civilization was some-

what different. The Swedish travellers to the US often criticized 
American culture. This critique was often elitist in character, 
and one dominating opinion was that the Americans used the 
freedom of consumption incorrectly.108 Technology was in some 
ways positive, but it had to be combined with culture and 
morality, and this was not always the case in the US. However, 
in the context of the economic crises and the New Deal, many 
Swedish travellers, especially social democrats, also found a 
possible future with more solidarity in the US. Alva and Gunnar 
Myrdal appreciated the technology and did not see mass society 
as a threat. According to them, American society could be even 
better if American individualism and its mass culture were 
combined with a kind of Swedish collectivism.109 For these 
travellers, technology could be good, but the society had to be 
changed in a Swedish, or at least a more European, direction. 
However, some of the travellers did accept capitalism as the 
best system and approved of the American march of civilization. 
In the Soviet Union, the travellers also met a society 

characterized by technology. Especially the first Five-Year Plan 
gave priority to industrial production, but many of the Swedish 
visitors saw a backward country, where people could not 
handle the machines. The car and improved communications 
were not seen as symbols of Soviet modernity even though 
travellers could praise such grand buildings as the metro in 
Moscow. They often compared Soviet society with Russia and 
its violent past, both in barbarity and abundance, and that 
neither were European. The comprehension of technology was 
among these travellers mainly traditional. The transformation of 
society was happening too quickly, and the Soviet people were 
not ready for the changes. Regarding this, it is not strange that 
non-communists disqualified the Soviet technological modern-
ization. These travellers certainly noticed and criticized the 
political oppression, but Gustaf Hellström, for example, meant 
that the situation was worse in Germany since Germany had a 

                                                
107 Nordin (1994), p. 434. 
108 See Alm (2002), pp. 221–224; Hansson (1999), pp. 198–205. 
109 Barton (1999); Alm (2002), pp. 291–299. 
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binding cultural inheritance.110 In this view, the Soviet Union 
was simply too different to function as a model. On the other 
hand, communists and sympathizers were more positive. For 
them, the technology in the Soviet was connected to a more 
positive future. Technology was good if it was developed in a 
socialist society. Thus, even these travellers stated that the 
technology had to have some kind of moral dimension to be 
good. 
I have briefly mentioned the dimension of gender; technology 

is often regarded as male.111 Many travellers also observed that 
in Germany the cult of the soldier and masculinity had 
penetrated the whole society.112 In this case, a prominent 
technological country was connected to masculinity, but these 
connections are not self-evident in the US and in the Soviet 
Union. Swedish travellers apprehended mass culture in the US 
as female, connected to unrestrained consumption, super-
ficiality and a craving for luxury, and this was not a positive 
characterization. In the Soviet Union the situation was even 
more complicated. Many researchers have pointed out that bare 
male force was connected to the Soviet technological develop-
ment, and it was even praised in the Soviet aesthetic.113 At the 
same time, however, women were elevated as a part of this 
development; women drove tractors, and they worked in the 
factories. The labour and the new job satisfaction were central 
in the Soviet culture and many, above all those who were 
positive to Soviet society, praised this phenomenon.114 Both 
men and women were working hard, and many Swedish visitors 
thought this was a satisfactory development. In another article I 
have proved that many Swedish travellers saw the new modern 
and rational woman as a symbol of the whole new Soviet 
society, but on the contrary, the visitors were not always 
overwhelming positive when they met real women. Even though 
the new modern and working woman symbolized Soviet society, 
real women were often seen as more conservative than men. 115 
Travellers to Germany also observed a new, more patriarchal, 
                                                
110 Hellström (1937), p. 221. See also Harrie (1938), pp. 29, 74–75. The 
social democrat Allan Vougt also meant the Soviet Union was better than 
Germany. In the Soviet Union there had been a revolution and the class 
society was abolished while in Germany there had been a counter-
revolution, Vougt (1937), pp. 27–28. 
111 Marshall (2003) developes the connections between modernity, 
technology and gender. 
112 See e.g. Malmberg (1937), pp. 69–70. 
113 See e.g. Bonnell (1997), chapter 1. 
114 See e.g. Björk (1931); Björk (1933); Björk (1932). 
115 Tornbjer, forthcoming. 
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view of labour, but it was mainly connected to the male sphere 
even though some visitors did pay attention to the female 
Labour Service.116 Thus, the relations between modernity, 
technology and gender are not uncomplicated in the travelogues 
during the inter-war period. However, more research is needed 
to elaborate these connections.  
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Technology and Corporate Identity – stories 

told by a company’s  
‘family album’ 

 
 

Hans-Liudger Dienel 

 
Linde Gas AG is an international, Germany-based technology 
company. Since its foundation in 1879, its export rate has 
always exceeded fifty procent. In February 2000, it merged with 
one of the biggest Swedish technology companies, AGA. Which 
factors dominate the two respective stories of these two 
unquestionably successful companies? What tales of technology 
do these stories tell?  
At a previous seminar where I spoke about Linde, I asked the 

participants to compare Linde Gas with an animal. Which 
animal would they choose, and why? Astonishingly, 19 out of 
41 participants voted for the same animal: an elephant. The 
other responses were widespread: Linde was seen three times 
as a lion, and twice as a bear, a dog, an eagle (or condor), a 
horse, and a turtle. One person each chose a dinosaur, a 
donkey, a gorilla, a hippo, an owl, a snail, and a whale. 
Why the predominance of the image of an elephant? The 

elephant is big, strong, and long-lived. It is also seen as slow, 
with a long memory and an ability to learn. Of the nineteen 
participants that chose the elephant, sixteen persons saw Linde 
as a slow company, one of the typical virtues of the elephant. 
Size was mentioned by nine times, while seven participants 
pointed out force and reliability. Size, force, and reliability are 
then, apparently, seen as typical virtues for Linde and therefore 
integrative elements of the company’s story as perceived by 
outsiders.  
Are these elements part of a truthful description of Linde 

Gas? Are they traditional virtues that are preserved and 
honoured within the company? Or outdated traditions long 
since gotten rid of? This paper is an attempt to find some 
answers by entering history, a distant world, which is far away 
and very close at the same time. Of course, things have 
changed over the years. To discover roots and transfer virtues 
from history must therefore be a creative process.  
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The starting point for writing this paper is a number of 
photographs of the Linde family and some of the company’s 
employees. Linde was never a family-owned company and the 
Lindes, who served in the executive committee for more than a 
hundred years, did not get their influence from shareholding 
but rather because they represented the company virtues more 
visibly than others did.  
 
 

Friedrich Linde 1960 

The first photograph I encountered depicted Friedrich Linde, 
the son of the founder Carl von Linde, at the age of 90 and his 
wife Ilona. Friedrich was a member of the executive committee 
from 1908 and CEO of the company from 1924 to 1946. At the 
time the picture was taken, Friedrich was still active in the 
company in a powerful position as deputy chairman of the 
Supervisory Board of Linde.  
The photographer has caught Friedrich and Ilona in their 

living room, complete with a gilt-framed painting, a plaster bust 
of Friedrich’s father and a massive wireless set. We see 
Friedrich, wearing a traditional Bavarian jacket and enjoying a 
game of solitaire, chatting and joking with his wife.  
Old age in modest, almost petty bourgeois surroundings is 

not what one usually associates with a successful technology 
firm. Old age is not considered innovative in our society. But at 
Linde, things were different. At Linde it was customary for 
company leaders to serve in the executive committee up to the 
age of 80 and then to switch to the supervisory board until they 
were 90. Friedrich’s father Carl as well as his brother-in-law, 
Rudolf Wucherer had both served on the executive committee 
and on the supervisory board as old men. 
The modest, commonplace surroundings also convey virtues 

that were (and still are) typical for Linde. Many of the company 
executives in the 1960s and 1970s drove Volkswagen Beetles. 
Rudolf Wucherer, as executive committee member, shared his 
office with a co-worker during the inter-war period. Foreign 
visitors were struck by the modesty of the headquarters in 
Höllriegelskreuth, and, I think, some still are.  
A rural modesty, far from high-tech industrialism, is also to 

be found in Friedrich’s Bavarian garments. And it was not just 
him – when chauffeurs at the Linde headquarters in Wiesbaden 
picked up Friedrich’s nephew Hermann Linde at the airport in 
the 1970’s they were astonished to see him wearing hiking 
boots on his way to a board meeting. 
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The bust of Papa Carl in the picture tells the viewer about the 
ideals of longevity and continuity from father to son. Friedrich 
was a very successful entrepreneur, who ran the company for 
more than 20 years as CEO. In his early years, he had come up 
with basic but important innovations for gas separation, and he 
later restructured Linde from an engineering company to a 
production company by acquiring a number of production 
plants, including Güldner, Sürth and Walb. Yet, despite all that 
he had achieved, he nevertheless saw himself in a modest way 
as the humble successor of his father, and, of course, he saw to 
it that this was displayed in the photograph. 
Linde family members served for a long time, but they also 

started early. Another picture that could fit into the “family 
album” of Linde Gas AG shows Carl Linde at age 26, just after 
his appointment as Professor of mechanical engineering at the 
Munich Polytechnic Institute.  
At Linde, engineers could get a high degree of responsibility 

very early. In the engineering company, responsibility was 
divided along projects. The academic engineer – and almost fifty 
percent of the staff in the first years were academic engineers – 
was given a do-or-die project, e.g. to set up a refrigeration 
machine or an air separation column somewhere in the world. 
Alone, with his huge task and only a few mechanics, he had to 
tackle and solve any upcoming problem. “Why is this damn 
machine not working?” “Why does it not produce gas as 
intended?”  
In the early history of the company, there were even some 

suicides among the young engineers who could not bear the 
professional burdens placed on them. On the other hand, what 
made working in a technology company like Linde so attractive 
was the same thing: being given a significant task and the 
independent responsibility to carry it out. 
  
 

Music in the Linde family at home, 1932 

A third picture from the family album shows Richard Linde, 
second son of Carl, playing chamber music with his five sons in 
1932. The male members of the family form a piano quintet 
with Gert, the youngest son, as their page turner. Richard, who 
can be seen playing the cello in the picture, was head of Linde’s 
Research and Development and Engineering divisions for 25 
years.  
Music played an important part not only in the Linde family 

but also in the Linde Corporation. In the family, it was (and still 
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is) seen as a natural part of acquiring a well-rounded 
education. At the factory in Höllriegelskreuth, quite a few of the 
leading engineers were active members of a chamber music 
group, The Baldus Brethren. Being a good musician helped 
your career at Höllriegelskreuth well up to the 1970s.  
Carl von Linde and his sons were, first and foremost, 

engineering inventor-entrepreneurs. They understood their role 
as managers of a technology-based company as being 
generators of innovations. This self-perception was both an 
asset and a problem. Many spectacular technological 
breakthroughs were achieved by the family members, but 
breakthroughs alone are not enough to run a company. 
Carl von Linde, however, could shift between different 

identities and leadership styles. This flexibility made him a 
great man. He was a well-known scientist, an inventor and an 
entrepreneur, and also a tenacious manager. When Carl Linde 
stepped down, he passed on these different identities to the 
second generation but each devolved on a different male 
successor: 
 
• His eldest son Friedrich became the entrepreneur; 
• His second son Richard became the inventor and scientist; 
• His son-in-law Rudolf Wucherer became the reliable 

manager and head of the long-term cash cow of Linde, the 
operation of own gas plants. 

 
The Linde family influence came to an end when Hermann 
Linde, Richard’s fourth son, stepped down from his post as 
CEO (and head of the Engineering Division in Höllriegelskreuth) 
in 1976. The displacement of the family in upper management 
after 1976, however, had less to do with a ‘Buddenbrooks 
syndrome’ (i.e. weak performance of the third generation) than 
with a lack of consideration of management strategy issues. As 
a CEO, Hermann Linde limited his activity to development. A 
Friedrich Linde and a Rudolf Wucherer were missing. (Hermann 
remains true to his principles up to now: according to 
Sebastian Muschelknautz (the head of Research in Engineering) 
Hermann Linde, who is now 87 years old, still enters his office 
every three months to involve himself in the discussions on new 
innovative ideas.)  
The close ties to science and innovation at Linde were, 

however, important for its economic success. These connections 
shaped not only individual developments but also the overall 
spirit and strategy of the company: the constant search for 
innovations, the desire to compete on the basis of technological 
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performance rather than price, and thus the quest for fields of 
technology in which this was possible. Carl Linde and his 
family left the refrigeration business in 1895 and went into low 
temperature processes for precisely this reason. They sought a 
technologically challenging area in which thermodynamic 
process engineering developments and inventions would count. 
The production of refrigerators, which offered challenges only 
for manufacturing engineering, took a back seat since at least 
the First World War at the latest.  
But from the 1960’s, the development-oriented model was not 

just an asset for the growing Linde group but a problem as well. 
It continued to be very suitable for motivating and focusing 
Höllriegelskreuth, but it was less appropriate for the 
production-oriented areas (refrigeration technology and 
materials handling) which suffered from a lack of perspectives 
and strategies for their business segments. The change in 
strategy pushed through by the economist Hans Meinhardt in 
the 1960s and 1970s, which aimed at economic market 
leadership through market power, acquisition of the 
competition, and efficient processes on all levels, offered a new, 
attractive model for employees in these areas. At the same time, 
the engineering division in Munich managed to preserve its 
tradition and its development-oriented corporate style and 
growth, and the company leadership in Wiesbaden respected 
Munich's special status.  
A few words need to be said independent inventors in the 

Linde Company – among them Paulus Heylandt, Matthias 
Fränkl and Rudolf Diesel. It was not always possible to 
integrate them as persons into the company structure. Linde 
managed to give these people responsible possibilities at the 
periphery of the corporation and to let them develop their own 
world. When Linde did not, when his strategy failed, they 
sometimes left the company to set up their own businesses. 
There are dramatic stories out there. 
 
 

Gustaf Dalén and AGA 

AGA was an excellent partner for a merger since AGA shares 
similar roots and virtues with Linde in relation to its 
technological identity. AGA, too, was founded by a famous 
inventor-scientist, Gustaf Dalén, the Nobel Laureate in Physics 
in 1912 (although he was an engineer rather than a physicist). 
And AGA had its family tradition: Gustaf’s son Gunnar became 
CEO after the war. The traits of thrift and modesty were there 
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as well. A colourful example of this is that Gustaf Dalén took 
the tram to the office every day. 
AGA was more than just a company, it had become part of 

the Swedish national heritage. Everybody knew AGA and its 
founder Gustaf Dalén represented that ever-present character 
of Swedish industrial history, the inventor-genius. This story 
was exploited in the film Victory in darkness (1954) where the 
title alludes both to the AGA lighthouse and, above all, to the 
fact that Dalén was left compeletely blind after an accident 
involving a gas explosion in 1912. 
The plant in Lidingö was a model factory offering the workers 

free travel to and from work by boat, a co-operative canteen 
subsidised by the company, and modern workers’ housing. 
Like Linde, AGA diversified from the 1920s onwards, always 

into the high-tech sectors of the time: cars, radio, sound film 
systems. However, during the last few decades AGA has 
concentrated on gas as its core business, while Linde has kept 
and developed three other business fields. 
 
 

Linde on the international market 

Both AGA and Linde were international companies from their 
earliest beginnings. In the 19th and early 20th century, that was 
both new and uncommon. AGA sold its lighthouse technology 
all over the world and the very first refrigeration machine 
manufactured by Linde was sold abroad. Unsurprisingly then, 
at both AGA and Linde working abroad facilitated promotion. 
The employees with an international background at Linde 

quite often had German roots. Rudolf Diesel, whose mother was 
French, managed the French branch of Linde. He was one of 
the first engineers employed by Linde and worked for the 
company for 13 years. Diesel made a very quick career at Linde, 
and when he left in order to develop his invention, the diesel 
engine, he was one of the three best-paid employees at the 
company. He left because he did not feel free enough to develop 
his engine at Linde. It was a definite loss. 
Half of the money that founded the Linde Company in 1879 

came from another German Parisien, Baron Moritz von Hirsch, 
a Jewish banker. Today we would call him a venture capitalist. 
He had made his money through financing private railroads in 
the Osman Empire. He later donated all his money for the 
foundation of the first Kibbutzim in Palestine. 
The English branch was managed by the engineer Robert 

Banfield, a Brit who, like Diesel, had studied with Linde at the 
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Munich University of Technology. When Banfield turned out to 
be a disaster as an entrepreneurial manager Linde did not fire 
him, but called him back as project engineer to Wiesbaden and 
hired Thomas Lightfoot, who owned a competing company, 
which produced weak refrigeration machines. Linde, however, 
recognised that Lightfoot was a successful businessman. 
Thomas Lightfoot’s son Cecil, who worked in Wiesbaden and 
Höllriegelskreuth for a number of years, later became the first 
manager of Linde Air Products in the US. 
In the US refrigeration market, Linde’s partners were Fred 

Wolf, an emigrant from Darmstadt, and Adolphus Busch, the 
owner of the American brewery Budweiser in St. Louis, and his 
son-in law, the German Consul in New York, Hugo Reisinger. 
(On Harvard University Campus, you can find the Bush-
Reisinger Museum, formerly the Museum for Germanic Culture. 
In Washington you can see a Linde Refrigeration machine in the 
Smithsonian.) When Linde founded Linde Air Products in 1907, 
he wanted to collaborate with these old friends but had to 
accept that he needed additional partners for the gas business. 
Linde Air Products -- now Praxair -- quickly became 
emancipated from its German roots, and Linde sold his shares 
before the US entered the First World War. The shares were 
shipped on a submarine to the USA through the British 
blockade. 
From its beginnings Linde has been an international 

corporation, yet at the same time it has remained a typical 
German engineering firm in many respects. One contributing 
factor has been that engineers with academic training, 
particularly at the Munich University of Technology, have set 
the tone with some interruptions. Another factor has been the 
family tradition in top management. Both “family manners” and 
the academics, i.e. PhDs, remain important at Linde to this very 
day.  
 
 

Show me your leader... 

A central message for employees is the executive board. They 
show in a paradigmatic way which kind of human resources are 
honoured at Linde. Three pictures of the Executive Board, from 
1932, 1983, and 2003 convey their message. 
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The Executive Board and Supervisory Board, 1932  

The 1932 photograph shows the Supervisory Board sitting and 
the Executive Board standing, thus underlining the strong 
position of the supervisory board at this time, when the founder 
Carl von Linde was still active. The picture also underlines a 
long-term continuity. First of all, Carl von Linde occupies the 
centre of the picture. More than 60 years after the first research 
activities on refrigeration machines and more than fifty years 
after the foundation of the company, he is sitting there serving 
as deputy chairman of the board. There are further continuities 
at the supervisory level: 
 

• The Brewers: Heinrich Sedlmayr, son of Gabriel Sedlmayr 
and Otto Jung, son of Gustav Jung 

• The Chemical Industry: Johannes Hess, successor of 
Theodor Plieninger) (his Place has doubled and is now 
represented by Manfred Schneider and Jürgen Strube) 

• The Machine Industry (Richard Buz, Son of Heinrich von 
Buz) (later Otto Meyer and Klaus Götte). 

 
At the executive level we find: 
 

• Three members of the Linde family (Richard, Fritz, Rudolf 
Wucherer), but  

• Two additional engineers (Otto Hippenmeyer and Hugo 
Ombeck), who prove that family connections were not a 
requisite for a career at Linde. However, nearly all of the 
Linde executives were representatives of a R&D-oriented 
university milieu, thus reinforcing the company's 
engineering culture and orientation.  

 
In the engineering division, there were also a number of other 
families who stayed close to the company for more than a 
generation: Eggendorfer, Hailer, Baldus and others. 
Additionally, there was the ‘familial’ relationship with the 
Technical University in Munich and an impressive number of 
25-year and even 40-year service anniversaries within the 
company. This tradition supports a feeling of belonging and an 
investment in intellectual capital that is still alive.  
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The Executive Board 1983  

Quite a different image of the executive board is transmitted in 
a picture from 1983. Now the five executive members are sitting 
down and the supervisors are no longer in the picture. The 
supervisory board has moved into the background. One reason 
for the new style and the new image of the company was that 
the Lindes were no longer part of the company. Another reason 
was that Commerzbank, Deutsche Bank, and Allianz had 
stepped in (since the 1970s) and an investor, the head of 
Allianz, Wolfgang Schieren (1980-1996), was now the chairman. 
Economic management strategies had come to dominate over 
technological consultancy. 
At the same time it is still a picture that works to convey 

continuity. In the background a landscape picture from the 19th 
century can be seen, displaying a vision of harmony but also of 
history and thus stability. 
 

 
The Executive Board 2003  

Now let us look at the Executive Board of 2003. The members 
are standing again, as in1932, but the super-visory committee 
is still out of the picture. 
The executive board have placed themselves in surroundings 

dominated by a light architecture demonstrating wideness and 
global openness. The committee is still dominated by Germans, 
but with Aldo Belloni the international approach has become 
more visible. 
At the same time this image demonstrates old virtues, such 

as modesty, and that people matter, nothing else. 
 
 

The Technological Orientation of German Technology Companies  

In recent years, there have been a number of studies on the 
Americanisation of German management styles and methods in 
big business which have proven that there has been both a big 
shift in managerial styles and a continuity of longue durée 
factors in management. 
We ask, how did science-based technology companies see 

themselves in the 1960s and 1970s in Germany, within the 
framework of public debates about growing American 
supremacy in science and technology? 
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Let us only refer to the famous pamphlet “The Technological 
Gap” in which the French author Jean-Jacques Servan-
Schreiber claimed in 1969 that in nearly all mayor 
technological fields the US Economy would enlarge its advance 
vis-à-vis Europe because of its higher R&D-investment, a better 
R&D-policy, the economies of scale and better management 
methods. In Germany, the book was very successful and 
influential in politics. The foreword for the German translation 
was written by the conservative Christian-Democrat Franz-
Josef Strauss. The foundation and growth of the German 
Ministry of Research and Technology is due to the public fear of 
American supremacy in science and technology. 
But what about the technology companies that were used to 

seeing themselves as technological leaders? 
In the long run, up to the end of the millennium, a number of 

these companies were more successful than their American 
counterparts in some branches (e.g. the car industry, the tyre 
industry, machine tools, and even shipyards, but less so in 
electronics, pharmaceuticals or the computer industry). It 
would be too simple to say that German run companies were 
successful in old high-tech and American corporations in new 
high-tech, but one has to acknowledge the big differences in 
relative success between different industries. 
Linde is one of the successful companies and thus represents 

one of the successful industries. Compared to the 1960s, Linde 
today employs four times more staff and has surpassed some of 
its American rivals. But, it has remained a technology 
company; the engineering orientated style survived not only on 
the periphery, but the new CEO again has a Ph.D. in 
engineering. In the early 1970s, the typical German engineering 
style in management was replaced by a new style of 
organisation, planing and controlling, which was seen as 
modern and American by its protagonists. What were the 
arguments of the new managers? How did the old science-
orientated élite at Linde react? 
 
 
Independent inventors 

Within the first question regarding the arguments made by the 
new managers, a second aim is to try to understand the role of 
the creative inventors within the management of the Linde 
Company. When writing his book American Genesis in 1992, 
Thomas Hughes drew a picture of technological enthusiasm in 
the century before 1970, which to his understanding had 
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dissipated. His heroes of that century of American supremacy 
were the independent inventors, who had laid the foundation 
for new industries and international corporations. But, since 
the late 1980s, independent inventors had again become the 
titans of new industrial and societal reforms on both sides of 
the Atlantic. Thomas Hughes did not see that they were no 
longer laughed at as old-fashioned technological ‘Don Quixotes’ 
(or better: ‘Daniel Düsentriebs’), but were again seen as 
innovative motors and saviours of the industrial future of the 
West. What, then, of the creative inventors at Linde? Hermann 
Linde saw his task as CEO of a technology company as that of 
an inventor and supporter of inventors, and he saw inventions 
as the most important basis for the economic future of the 
company. How was his self-assessment seen by his 
surroundings and the new managerial elite within the 
company? 
 
 
Family Traditions 

In his book about German Entrepreneurs, Jürgen Kocka has 
described a German style of company management that lies 
between the family-owned and run company in England and 
the management run stock company in the US. 
In Germany, family driven stock companies prevailed, where 

the family only owned a small share of the stocks but 
nevertheless shaped the style and strategy of the company. 
Siemens was his best example, but Linde, with a family stock 
share under 5 %, but with a decisive family influence strikes us 
as similar. Why then, and how, did the family influence pass 
away? Why did the family accept the transformation of their 
shares with twenty-fold voting rights to normal shares in the 
early 1960s? Why did family ties become a disadvantage to the 
extent that the fourth generation of the Lindes left the 
company? 
In the 1950s and early 1960s, a large proportion of German 

industrial management received its leadership training in the 
Harzburg Academy, run by Reinhard Höhn, a former SS-
General. But, since the late 1960s, German executives have 
normally had to go to the US for some months to learn 
American management styles. The two main antagonists at 
Linde, Hans Meinhardt and Hermann Linde, also set sail for 
America. But while Meinhardt went to the industrial 
corporation Raytheon for an internship, Linde went to Harvard 
Business School. Even after his sojourn in the US, Herman 
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Linde claimed that organisation was not the main problem for 
an executive. He did not see organisation as a big challenge but 
a simple second priority task to be dealt with. Instead, support 
of technological creativity was seen as the main problem and 
task of any executive within the company. 
How can the managerial capabilities of the different actors at 

Linde during the late 1960s and early 1970s be described? How 
did the wave of Americanisation change the requirements of 
good managers within the Linde Company? What did leadership 
mean in a technology orientated German company at this time? 
 
 
The Engineer and the Economist: Hermann Linde and Hans 
Meinhardt 

Hermann Linde was a physicist who was especially interested 
in plant engineering. He had grown up in the firm of his father 
and grandfather and so he was shaped by a scientific way of 
thinking. For him the solution to technology problems was 
more interesting than the commercial side of the firm. He had 
no real interest outside plant engineering, and thus did not 
involve himself in industrial gases or refrigeration technology, 
let alone the department which today is called materials 
handling. 
Hans Meinhardt, an economist, entered the Linde corporation 

as a young man and he was 15 years younger than Herman 
Linde. His attitude was profit-orientated. His aim was to get 
maximum profit and the products and the technology were just 
a means to this end. When steering the enterprise his thoughts 
were on mergers and acquisitions. According to his impression 
of the Linde corporation in the sixties, the enterprise had 
become outdated in its organisation and attitudes. In the 
1960s, he took a look at US-Business Development and wanted 
to set a divisional structure with a small executive committee as 
he came back from Raytheon, an industrial company in the 
USA. 
After Meinhardt joined the Linde Company in the mid-50’s he 

gained more and more power. Two factors were decisive, on the 
one hand, he worked in the headquarters in Wiesbaden and 
tried to advance central positions by introducing divisions like 
marketing and organisation, planning and controlling. On the 
other hand, he worked in the division called Güldner 
Motorenwerke which was bought by Carl von Linde in 1929. 
This is the division in Aschaffenburg where the production of 
agricultural tractors and engine constructions was to be found. 
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Meinhardt, who recognised the economic problems very well, 
changed the technology in this division and began using the 
production of fork-lift trucks, which was a brand new 
technology at the time, and a product that sold well. With this 
success he acquired the support of the supervisory board, thus 
gaining power in the struggle against Hermann Linde within the 
executive committee.  
 
 

Conclusions 

The managerial revolution at Linde between 1965 and 1976 
was carried out by economists and managers without a 
research identity and without strong ties to family and 
tradition. The new managerial elite had the support of the 
executive committee. Both fractions were convinced, on the one 
hand, that although not in the red, Linde could not remain as 
traditionally technology focused. On the other hand, both 
groups used the American wave to replace the established local 
structure of old fashioned research orientated engineers and 
physicists with strong ties to family and university and close 
ties to local networks. The American model served as mayor 
argument for the necessity of the managerial turn around. A 
department of organisation, planning and controlling was 
founded in all the divisions, and at the headquarters to run the 
company according to a new style of decentralised control. 
However, these units did not survive the shift very long but 
were closed down just a few years later. The independence of 
the divisions remained and thus the different managerial 
cultures. The old engineering style survived in the gas and 
engineering divisions and is used since a few years for the 
corporate identity of the globalised company that is Linde 
Group since a few years back. 
Admittedly, we can find some long term effects of the 

managerial revolution in the company: 
 
• the growth of a new production-orientated department for 

materials handling (which for some years was the biggest 
division of the Linde Group).  

• a new style of exogenous growth by acquisitions and 
mergers (and not by research and endogenous growth as 
before). This style has become predominant. 

• the sale of the refrigeration division that gave comparably 
little revenues and did not fit into the model of balance. It 
could not, however, be sold by the protagonists of the 
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managerial change; instead it was done by their successors 
25 years later (but that is a different story). 

 
There is truth behind the picture of Linde Gas AG as an 
elephant – strong, slow, and with a long memory. ‘Old high-
tech’, academic degrees, family tradition are factors that have 
played a leading role in the history of Linde. But as the later 
‘family’ photographs show, things have changed. Today, market 
shares and dividends hold the upper hand. The old school of 
development, with a certain flair of la technologie pour la 
technologie continues to hold true in some of the company 
divisions. And it still prevails in the story about Linde.  
 
 
References 

The main sources used in this chapter are found at the Linde 
AG Archives with collections in Wiesbaden, Höllriegelskreutz, 
and Aschaffenburg. For full references, see Dienel, Hans-
Liudger (2004), Linde – History of a Technology Corporation 
1879-2004, Basingstoke: Palgrave Macmillan. 
 



 142 

 
Reflection on Interactions between a 

Cognitive Mind and Distributed Cognition in 
Artefacts in Museum Contexts 

 
 

Aadu Ott & Lars-Göran Vedin 

 
This chapter reflects on and discusses the didactical results of 
an extensive project in science and technology education called 
World Wide Workshop in Technology Education. The project, 
which began in 1980, is still ongoing, but this paper will cover 
the period between 1980-2007. The project began is a joint 
venture, mainly between Deutsches Museum in Munich and 
the University of Göteborg. The actors in this paper are of two 
kinds: first, the introducers and inventors of new aspects of 
science and technology, i.e. scientists and technically minded 
people, and secondly the intermediaries, for example teachers, 
who act as cicators of science and technology. In this chapter, 
learning is tentatively regarded in two aspects, as an interaction 
between cognitive neural networks in the minds of participants 
in seminars, and as distributed cognition in artefacts in science 
and technology museums.  
The aim of the project has been to try to enhance learning 

and retention processes by taking into account changes in 
synaptical connections and the neural plasticity of minds. The 
project has involved student training and in-service teacher 
training and has included weeklong seminars in science and 
technology museums in different countries, gathering more 
than 3,000 participants in total from all over Sweden. These 
visits to different countries have also made it possible to utilize 
authentic sites, were ‘history of science and technology was 
made’, for teaching and learning purposes. The results of 
evaluations and papers produced by the participants within 
this project unambiguously underscore the importance of 
having qualified guidance in museums in order to create a 
fruitful interaction in four main dimensions:  
 
1. Inventions and inventors: This project studies emergent 

‘quantum jumps’ of science and technology in space and 
time. 
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2. The Mind: The cognitive neural networks of participants 
in the seminars. 

3. Museums: The distributed cognition in the artefacts, 
which are exhibited.  

4. The Curriculum: The national curricula, which guides the 
selection of topics. 

 
The visits to authentic environments also enhanced the 
retainment of what was taught, as facts were placed into 
historical and developmental contexts focusing on the genesis 
and evolution of science and technology. The results also 
pointed to fruitful possibilities to operationalize the concept 
Pedagogical Content Knowledge, in order to make a transfer 
from Content Knowledge to Pedagogical Content Knowledge in 
science and technology education as well as in learning 
processes that utilizing museum contexts. In this paper, 
technology is thus regarded as dependent on time, space and 
mind in interaction with society and technology transfer and 
diffusion are linked to the creation of artefacts, knowledge and 
learning. 
The content of World Wide Workshops is described in Ott & 

Vedin (2001); Ott & Vedin (2002a); Ott, Ott & Vedin (2002b); 
Ott, Ott & Vedin (2003). 
 
  
Eight strands in the evolution of science and technology 

1. The Naissance of Science – Athens and Greece: From 
Aristocracy to Democracy 
Sites visited: Acropolis, National Archaeological Museum and 
War Museum and the ports of Athens and Pireaus: the Naval 
History Museum.  
Actors: Thales with static electricity and magnetism – the 
origin of electricity; Aristoteles with the elements earth, 
water, air, fire and ether – the foundation for electro-
magnetism, Platon, Pericles, Themistokles, Heron and the 
steam sphere (the first steam turbine). Democritos proposes 
the first atomic hypothesis for matter. 

 
2. The Constitution of an Empire – Rome: Mare Nostra & Roman 

Law 
Sites visited: The Pantheon; The Capitol Hill; The Colosseum; 
The Circus Maximus; Piazza Navona; The Vatican; Forum 
Romanum.  
Actors: Caesar, Nero, Seneca, Cicero, 
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The rise and fall of the Roman Empire is studied together 
with the conflicts in different theological issues. 

 
3. The Renaissance – Firenze and Italy: Man as Creator; Birth of 

the Bourgeois 
Sites visited: Palazzo Vecchio, Piazza della Signoria; Museo di 
Storia della Scienza, Palazzo Pitti, Santa Croche. Galleria 
degli Uffici, Duom or Santa Maria de Fiori. 
Actors: Leonardo da Vinci, Michelangelo, Benvenuto Cellini; 
Galileo Galilei (1564-1643) and the start of modern science 
with optics, astronomy and mechanics; the introduction of 
mathematics in science and technology; Luigi Galvani and 
Alessandro Volta – the development of electricity. 

  
4. The Science and Technology Revolution – Munich and 

Germany 
Sites visited: Deutsches Museum, Siemens Museum, Alte 
Pinakoteke, Neue Pinakoteke, Pinakoteke der Moderne, 
Schloss Nymphemburg Science Museum and Dachau 
Memorial Camp. 
Actors: Otto von Guernice challenges Aristoteles ‘Horror 
vacui’ and shows how power can be gained from empty 
space; Johannes Kepler challenges Platonic astronomy with 
its perfect spheres; Joseph Fraunhofer constructs optical 
instruments and finds the ‘Fraunhofer lines’ in the sun’s 
spectrum.  

  
5. The Birth of Modernism – Paris and the Political Revolution: 

Liberté, Égalité, Fraternité 
Sites visited: Cité des Sciences et de l’Industrie (La Villette), 
Palais de la Découverte, Museé Carnavalet, Conservatoire 
des Artes et Métières and Le Louvre. 
Actors: Napoleon, founder of the École Polytechnique, 
Michael Foucault, Marie Ampéré, Antoine Lavoisier, Marie 
Curie, Iréne Joliot Curie.  

 
6. The Postmodern Reaction – London: England as Workshop of 

the World  
Sites visited: The Science Museum, Imperial War Museum, 
British Museum, London Museum, London Transport 
Museum and the Maritime Museums in Greenwich.  
Actors: Isaac Newton expresses the four fundamental laws in 
physics; Thomas Young; Michael Faraday with his invention 
of induction in electricity; James Clerk Maxwell and the 
theories of electromagnetism; Thomas Newcomen and the 
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first steam engine; James Watt improves the steam engine; 
Stephenson builds ‘the Rocket’; J.J. Thompson finds the 
electron; Ernest Rutherford challenges the established model 
for the atom and creates a new atomic concept.  
 

7. Future – Orlando: Science and Technology as Adventure 
Sites visited: Sea World, Epcot Center, Magic Kingdom and 
Kennedy Space Center. The thematic contents in the parks 
were discerned according to four variables: Fiction, 
Authenticity, Entertainment and Technology. 
Actors: Werner von Braun who, with a starting point in the 
V2 rocket, directed the work on the Saturn rocket which 
acted as the main workhorse of the American space program; 
Donald Duck who renders a picture of American life. 
 

8. The Rise and Fall of a Dystopie – Berlin and Modern Time: 
From Fascism to Democracy 
Sites visited: Brandenburget Tor; Checkpoint Charlie; The 
Parlament; The Pergamon Museum; Deutsches Museum; and 
The Zeiss Planetarium. 
Actors: Heinrich Helmholtz, Heinrich Hertz argue that ether 
was the medium in which electromagnetic waves moved; Max 
Planck challenges the idea from antiquity that nature does 
not make jumps by introducing the quantum concept; Albert 
Einstein challenges the ether concept and creates two new 
fundamental theories: the Special Theory of Relativity, 
according to which we live in a four-dimensional space-time, 
and the General Theory of Relativity, according to which this 
space time is bent by mass; Military: Werner von Braun 
creates the rocket weaponry; Werner Heisenberg tries to 
make an atomic bomb.  

 
 
The problem to be discussed 

We will focus on and analyze the interaction between mind, 
science and technology of the visitors in these seminars. This 
will be done foremost through the exposition of experiences 
from one of the visited places: Deutsches Museum in Munich. 
The identity and importance of the actors – the introducers and 
the intermediaries – will be discussed with the focus on the 
intermediaries. 
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Theoretical aspects of learning 

Instead of beginning the discussion from a theoretical starting 
point in the established theories of constructivism, 
sociocultural aspects of learning or phenomenographical 
aspects of learning, this paper will regard and treat learning 
from the point of view of how the human mind functions in a 
learning process. 
The first question to try to answer is how it is possible to 

retain the interest of a group of about 30 people for artefacts in 
a museum for one whole week. This is to be compared with the 
fact that the normal duration of a visit to Deutsches Museum is 
about 3 hours. 
The second question is what the participants have learned 

and gained in their understanding of technology during the 
visit. The participants are asked to write an evaluation of the 
seminar they have participated in before they leave. This 
evaluation has always been very positive.  
Generally the group will meet about six months after the visit 

to the museum to attend a seminar in Sweden that lasts for two 
days. They are also asked to present a paper in which they 
describe how they have utilized the experiences and the 
knowledge, which they gained during their visit. These 
seminars have been very fruitful and have shown longterm 
retention of knowledge in technology. This is also the case when 
we meet former participant many years afterwards; they will 
still always remark on what a rewarding their visit to Deutsches 
Museum has been. 
The final question to be reflected over is thus why a weeklong 

seminar results in such a fruitful outcome. This question turns 
the attention to the receiving partner in the interaction between 
the presentation of technology by the leader of the seminar and 
the participants. The question might thus be reformulated as a 
question of how the minds of the participants learn from their 
experiences of the presentation of technology in interaction with 
society during this week. 
 
 

Brain, mind and learning in a museum context 

A museum in itself might be regarded as a sort of actor as it 
acts as an intermediary between the visitors and the artefacts 
presented. It might thus be favourable to try to highlight some 
of the factors, which, according to theories about the function 
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of the mind, would be valuable to consider in the process of 
learning in a museum context.  
It is clear that according to the constructivist theory of 

learning, we construct mental structures. But what are these 
constructions? How are they constructed? If we learn through 
the process of interpersonal mediation and intra-personal 
construction of knowledge, how do these processes act?  
The world in which we live and interact is an experiential 

world, according to the theory of phenomenography. But what 
does this mean?  
By regarding the mind and brain in interaction with items in 

a museum we hope to be able to reach a deeper insight into the 
basics of these theories and in this process maybe even be able 
to create a neurobiological foundation to them.  
 
 

Brain and learning? 

The brain is always interacting with the environment, having 
experiences and thus adapting to the surrounding world. This 
will affect the internal connections in the mind. The process of 
changing the connections within the mind through experiences 
is the process of learning. Learning is the main function of the 
brain. The question is, however, what the mind learns and how 
it learns.  

The atom of learning is, according to modern neuroscience, 
the connection between brain cells. This is called the synaptic 
connections and they occur between the neurons within the 
brain. Learning takes place by changing or strengthening these 
connections. Learning builds on the experiences which human 
beings have throughout their lifetime.  
A general concept in this case is neural plasticity which 

denotes the neurophysiological changes in the brain, which 
underpins the behaviour of the learner. The brain creates, 
depending on these synaptical changes neural networks. We 
might recognize the results of the action of these neural 
networks in our brains in the form of our representations of the 
surrounding and experienced world.  
These representations are of two kinds. Representations, 

which are bound to empirical evidence, and which are in 
contrast with free and unbound representations. The unbound 
representations have been of importance during the evolution of 
our species as they render possibilities for the action of 
imagination and fantasy. At the same time, it is an important 
key factor that our representations in technology have to have a 
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foundation in the real and empirical world around us, which 
represents our ontological reality. In contrast, it is not possible 
to create a functioning technology on an ontology, which is 
based on fantasy or fiction.  
What should be remembered in this context is also that 

learning can be considered a dangerous and threatening 
activity. By changing neural networks, learning might affect the 
personality of the learner, and personal changes in an identity 
might affect the social network within which the learner as a 
person is embedded. It might also be that the often seen 
negative attitude to learning, exhibited by, for example, elderly 
people, is a result of just such a standpoint.  
The best learners are very young children, who do not have 

any thoughts of this kind, any identity to protect or any social 
network to consider except their close family. Small children 
are great scientists – maybe great scientists, in their turn, 
mentally, are like small children and filled with curiosity? 
Einstein once said: “I do not have any special talents – I am 
only very curious”. An important question to be formulated 
might thus be how a visit to a technological museum affects the 
brain of a visitor.  
 
 

Technological autenticity – The mind prefers narratives 

Within a museum, an artefact is always decontextualized from 
its original context and then recontextualized within a new 
context. Often, however, through this process of 
recontextualization the attempt is made to add valuable 
dimensions to the story contained in or told by the artefact; to 
try to bring to light the hidden distributed cognition within 
which the artefact once was constructed and where it 
constituted an important item. For example, at the Deutsches 
Museum in Berlin, parts of original aeroplanes which were shot 
down during the Second World War are exhibited. The 
knowledge surrounding the history of these aeroplane parts 
adds a dimension of the drama to the exhibit.  
During the whole project, we have tried to utilize authentic 

surroundings and to study authentic artefacts. It has been 
found to be of great value to be able to move around in an 
original historical site, for example the fortress and sacred place 
Acropolis in Athens, the Dachau Concentration Camp outside 
Munich, the Eiffel Tower in Paris, the Colosseum in Rome etc. It 
is important that the guide, at the same time, tells the story 
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related to the site and thus places the site in its original 
historical context.  
Such a visit gives a multisensory learning experience, where a 

multitude of incoming sensory channels to the mind are 
activated simultaneously. The context itself renders bound 
representations while the narrative renders unbound 
representations, which will interact with the bound 
representations and thus create an optimal mental information 
processing situation, which in its own turn will affect the 
synaptical connections within the mind of the learner and thus 
result in efficient learning. 
It is also very useful to tie in personal stories, which might be 

told by focusing on the key actors in history. Below are several 
examples from educational trips that we have taken. 
During a seminar in Athens, we visited places such as the 

spot where it is thought that The Lyceum of Aristoteles was 
located; where the Academia of Platon once stood; where 
Themistocles had his trirems stored before the naval 
confrontation with the Persian fleet at Salamis; Delphi, where 
the oracle once made her predictions; the Areopage hilltop, were 
Socrates once was doomed to death, the Bema were the silver-
tongued Pericles once talked.  
While visiting Italy and Rome, we looked at the Colosseum, 

where Nero once ordered Christians to be slaughtered, Circus 
Maximus were Caligula once raced his horses; the Pantheon 
where Raphael is buried; the Vatican, which offers a strong 
visual representation of the tremendous worldly power of the 
Pope. We stood in reverence in front of the graves of Galileo 
Galilei, Machiavelli, Michelangelo and Dante Alighieri in the 
Florentinian Church Sancta Cruce. We also made a trip to 
Firenze, where we studied the works of art made by Leonardo 
da Vinci, Michelangelo, Botticelli, etc. 
Other cities that we have visited include Munich, where we 

followed the development of science and technology and studied 
the important contributions made by scientists and technicians 
like, Galileo Galilei, Otto von Guericke; Rudolf Diesel, Nicolai 
Otto, Werner Siemens, Georg Simon Ohm, Hans Christian 
Örstedt, etc. In Paris, we visited the Eiffel tower, the tomb of 
Napoleon, looked at modern science in Centre d’Industrie et 
Science (La Villette), Palaise de la Decouverte and the 
achievements made by Madame Curie and Iréne Joliot Curie. In 
London, we visited Science Museum and its expositions on 
Isaac Newton, Charles Babbage, James Watt, George 
Stephenson. In Orlando we studied the activity at the Kennedy 
Space Center, in a way an inheritance from the German V 2 
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era, which started in Germany during the Second World War 
under the direction of the German scientist Werner von Braun, 
who later on became a leader of the American Space Program. 
In Berlin it was interesting to visit the Pergamon Museum and 
to study the Isthar Gate, which originated from the old Babylon 
of Biblical time and was looted by German scientists at the 
beginning of the 20th century. It was also rewarding to visit the 
Deutsches Museum in Berlin, the Brandenburger Tor, and to 
study memorials from the Holocaust.  
Our minds remember facts much better if they are embedded 

within a story. The history of science and technology has plenty 
of vivid possibilities for catching the imagination of the 
participants in this way. This stresses the fact that it is 
important to utilize the possibility to pay attention to the key 
actors and original sites in history. An important reflection in 
this context is, therefore, that it is fruitful to teach facts in a 
context, which generates interest with the help of multimodal 
connections to the learners’ own preexisting associative neural 
network. The new experiences will create a neural network, 
which will become integrated with existing preconceptions and 
form new connections, as well as allow for abstract conceptions 
to be formed in the prefrontal lobe of the brain. We must as 
teachers let the learner have ample time for this integrative or 
reflective phase to take place. 
 
 

Design and technology – emotion 

A second reflection is that it is fruitful for learning if we add an 
emotional touch to the facts studied. The prefrontal lobe of our 
brain is the place, where decisions and evaluations are made. 
These are often enhanced by the emotional aspect of the 
content of what is to be learned. If we do not have a positive 
emotional attitude to a subject, then it is difficult to learn this 
subject. This means that it is important that the guide or 
teacher always tries to create a positive atmosphere, so that the 
participants in a neural learning process are encouraged to feel 
and take part in a positive spirit towards the subject under 
study.  
In contrast, negative feelings are routed to the cortex via the 

amygdala and an attitude of either ‘fight or flight’ may thus be 
created, instead of a positive and creative approach to a 
problem. This shortcut via the amygdala is of value when we 
encounter a situation where we must act quickly or through 
more or less automatic reflex, as for example when we 
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encounter a poisonous snake. This reflective behaviour has 
been of great value during the evolution of our species, but it is 
not of value in the creative learning of complex subjects.  
 
 

Living on a technotope – preconceptions and associations 

A third reflection is that it would be fruitful for the process of 
learning to take into account preconceptions and the common 
denominators of learners. The participants in seminars have a 
broad range of preconceptions in their minds and learning 
would function most optimally if new items of knowledge could 
utilize these already established basic neural networks. 
Different sorts of memories, information processing units, the 
consciousness and the mind are to be found in the cortex of the 
brain. This is the thin layer on the surface of the brain, where 
the higher cognitive, sensory and motor functions are situated. 
We are all surrounded by technological artefacts, which we 

utilize daily. It is thus important that everybody realizes that 
they in their daily lives utilize a broad repertoire of technical 
knowledge and that they are conscious of the broad 
technological knowledge base, which they possess. This means 
that it is of great help if the guide or co-ordinator of a seminar 
tries to make connections, and tries to build bridges, between 
the items studied and these preconceptions. 
Every brain is, of course, unique, but with a seminar group 

consisting of teachers there are a lot of common points of view, 
for example aspects on how to interpret and apply the 
instructions in the curricula. This makes it important to utilize 
analogies and metaphors, in order to build bridges between the 
cognitive minds of the participants and the distributed 
cognition, which is to be found in the artefacts that compose 
the technology that surrounds the museum visitors.  
 
 

Rules and laws in science and technology – Mind as ‘Rule 
Seeker’ 

A fourth reflection is that it is fruitful to utilize the fact that 
brains always searches for general rules. The mind does not 
store every single item, which it encounters. Instead, it stores 
generalized pictures of concepts and artefacts. Learning a 
language is a pregnant example – young children do not study 
grammar, but nevertheless learn how to speak their native 
language in a correct way. This works well, because brains are 
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characterized by the ability to distill information from the 
surrounding environment and to memorize generalizable or 
common aspects. 
This generalizing function of the brain points to the 

importance of exposing learners to a multitude of different 
artefacts in different contexts, as this facilitates the learning 
process in which the brain tries to distill common aspects. One 
example of the benefits of a museum in this context is 
Deutsches Museum in Munich, which has more than 10,000 
different artefacts exhibited in different compartments. A visitor 
has to walk about twenty kilometres in order to be able to get 
an overview of all these artefacts.  
At the same time it is important that the leader of the 

seminar tries to direct the attention of the participants to the 
most important parts of a technological construction or item 
and thus to expose how a few fundamental technological laws 
have been utilized in the construction of different artefacts. 
These laws might be thermodynamic, such as the laws of 
energy, laws in optics, difference between stress and strain, 
overcoming of friction etc.  
 
 

Technology in historical evolution – Brain as ‘Novelty Seeker’ 

A fifth reflection to be made is that the brain is a novelty 
seeker, and that in constructing learning programs it is 
important to connect this innate tendency in learners with 
developmental sequences and changes in constructions when 
studying technical artefacts. In Deutsches Museum there are 
exhibits, which present the evolution of some technologies, for 
example shipbuilding and the development of aircraft engines. 
The exhibit showing shipbuilding starts with ancient Egyptian 
ships on the river Nile, moves through the era of Greek 
warships at the naval battle at Salamis, to modern ships of 
different kinds. The exhibit with aircraft engines starts with 
small Otto engines, and presents how they become bigger and 
bigger until they have about 30 cylinders and a couple of 
thousand in horsepower. In the last stage, these engines have 
become overwhelmingly complicated, and by the shear number 
of parts, which can now malfunction, the engines have become 
less reliable than is actually required. 
In both exhibits, the process of maturization of technology is 

demonstrated clearly. When the constructions become bigger 
and bigger, the need to change to a different engineering 
technology or another construction material becomes obvious. 
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The ships must, for example, be built of steel and utilize 
another source of energy than windpower. An aircraft, which 
has propellers for propulsion, will not be able to exceed about 
800 km/h, because, when the ends of the blades reach the 
velocity of sound they do not function any more for propulsion 
because of cavitation. Development and utilization of the jet 
engine then became a requisite solution.  
A question to be discussed in this context is: What are the 

limits of technology? The brain has an innate function to seek 
novelty. As a novelty seeker, the brain forms hypotheses all the 
time and tests them against empirical facts. To follow a 
historical development, and at the same time to actively interact 
with an exhibition is a mode of learning which fits the brain 
well. The participant might ask himself: what will the next step 
in the development of this very artefact be? 
 
 

Explicit and implicit memorizing 

The sixth reflection is that we know more than we can 
necessarily put into words and that we make a lot of 
judgements unconsciously. When visiting a technological 
exhibit it is not always certain that a participant is able to 
verbalize his experiences. Memory, however, functions on two 
levels, the explicit level, where knowledge can be verbalized, 
and the implicit level, where we know more than we may be 
able to express verbally. We possess what is called ‘tacit 
knowledge’.  
A lot of the tacit knowledge is stored in the brain in the form 

of skills: Try for example to explain for somebody how to lace 
your shoes or how you could manage to ride a bicycle. 
This tacit knowledge is a knowledge base, which is founded in 

experiences and skills, and it can be regarded as of the same 
calibre as that which an expert in a profession has. The fact 
that this type of knowledge can be acquired means that a visit 
to a technological museum might also give a visitor ‘a tacit 
frame of reference’, which in an intuitive way helps him to find 
his way, when judging questions in or about technology. The 
Austrian philosopher Ludwig Wittgenstein asked: “How does a 
flute sound?” Here we have a field of knowledge, which is 
named ‘knowledge in action’. A lot of knowledge that teachers 
possess is of that kind. They know because they have 
metaphorically heard the flute being played. 
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Whole and parts 

A seventh reflection is that an inherent property of the mind is 
to try to create meaning. The seminars have always started with 
guided tours, for example the visit to the Deutsches Museum 
began with an introductory overview of the content and aim of 
the exhibits in the museum. Even if the participants, on this 
occasion, were not able to create an interaction between their 
explicit memory and the items exhibited, they were still able to 
get an implicit representation of the museum in their minds. 
The boundaries between these representations in their minds 
became more and more linked or bound to the content of the 
exhibits during the duration of the seminar. Mind and matter 
interacted in order to create meaning from the multitude of 
artefacts exposed and presented. 
 
 
Motor and premotor skills 

The eighth reflection is that the brain is changeable and 
learning is dependent on experience. Deutsches Museum is 
characterized by having a lot of interactive and tactile 
experiments, which the visitors may test. When operating these 
experiments an attitude of ‘hands on and minds on’ is 
favourable to have. The visitor might form a hypothesis, in the 
prefrontal cortex, about the outcome of an experiment and put 
this hypothesis to an empirical and experimental test. In 
science and technology it is of the outmost importance to 
develop skills in the manipulation and operation of 
experiments.  
In the parietal or upper, part of the brain, we have centers for 

motor skills that are like brainmaps, which can be influenced 
so that a motion which is repeated many times, might gain 
control over a larger segment of the brain. In the premotor area 
of the cortex, the activation of motion in different parts of the 
body is planned in the form of motional sequences to be 
performed. Making experiments thus gives the experimenting 
visitor the opportunity to have experiences, which will affect the 
configuration of his or her brain. 
 
 

Reward systems in the brain 

Reflection number nine is that it is important to utilize the 
brains inherent reward system by creating an emotionally 
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positive atmosphere in the workshop or in the classroom. When 
we understand something or when somebody utters a positive 
word about our actions, then we get a positive feeling. This 
feeling emanates from a part deep within the brain, area A 10, 
from which the substance dopamine is sent to the prefrontal 
cortex, were the reward system of the brain is placed. This 
dopaminergic system has the effect of creating a positive 
emotion. This positive emotion will then affect the associative 
parts of the cortex and thus enhance the creative ability of the 
brain. The development of technology is a highly creative 
activity, which, for optimal development, needs an emotionally 
positive atmosphere. 
 
 
Social aspects of learning 

Reflection number ten is that because the brain develops 
through interaction it is fruitful to utilize the social and 
mediational aspect of learning in a museum context. The brain 
develops in a social setting and functions best in interaction 
with the brains of other human beings. This is a fact, which 
was utilized in the seminars at Deutsches Museum through the 
creation of opportunities for the participants to interact with 
each other in informal ways, even after the museum had closed 
for the day. Informal reflection, together with other participants 
in informal settings, on the formal program has been a valuable 
forum for reflections on a meta-level over the experiences. 
 
 
Conclusion 

One of the main points of view of learning in a museum context 
is the importance to regard the difference between Content 
Knowledge and Pedagogical Content Knowledge. Content 
knowledge is pure technological or scientific knowledge. 
Pedagogical Content Knowledge is, on the other hand, 
knowledge which a teacher or communicator has in order to be 
able to teach.  
It is seldom possible to utilize content knowledge directly for 

teaching. The content has to be transformed into a structure, 
which can interact with the neural networks in the brains of 
the students. This draws attention to the important function of 
the guide in a museum. He has to be able to transfer the 
distributed cognition within the artefacts exhibited so that they 
make sense for the participants (or so that meaning can be 
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constructed by the participants). As the field of technology is a 
very wide field, he has to make some sort of selection of 
content. This means that he has to be knowledgable about the 
fields of interest of the visitors in order to make a relevant 
selection. This, in turn, means that three dimensions have to be 
considered in order to make a good seminar: the mind; the 
distributed cognition in items; and the curriculum, which the 
participants in the seminar have to follow. 
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Ingenjörsvetenskapsakademien as a 

‘Boundary Organisation’ 
 
 

Henrik Brissman 

 
My aim in this paper is to discuss and show that scientific 
academies, for instance the Kungliga Ingensjörsvetenskaps-
akademien (the Royal Swedish Academy of Engineering 
Sciences or Ingenjörsvetenskapsakademien – IVA), can be 
analysed or classified as a boundary organisation, i.e. as a kind 
of a partner within a special academic field with the ambition or 
aspiration to gather different interests or agents for various 
tasks and purposes within a specific field. These interests may 
be of an academic, practical, political or economic character.  
 
 
What is a ‘Boundary Organisation’? 

The concept ‘boundary organisation’ is a useful tool in order to 
analyse the role of scientific organisations in the context of 
society. According to David H. Guston, three criteria define 
scientific organisations of this type; they provide a space that 
legitimises the creation and use of boundary objects and 
standardised packages; they involve the participation of both 
principals and agents, as well as specialised (or professional) 
mediators; and they exist on the frontier of two relatively 
distinct social worlds with definite lines of responsibility and 
accountability towards each other. Principals on both sides of 
the boundary determine the success of a boundary 
organisation, and both sides trust that the organisation to 
provide them with necessary resources. Co-operation is 
encouraged in two ways. Co-operation between researchers and 
non-researchers is promoted and scientific and social order is 
created through provoking boundary-objects and standardised 
packages. The organisational structure may also work for a co-
operation with representatives from external groups in the 
decision-making process as a reconciling strategy, but it 
carefully tries to balance scientific and political principles.1  

                                                
1 Guston (2001), pp. 399ff. Se also Guston (1999), p. 93. 
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An example of a boundary organisation, according to David 
H. Guston, is the International Research Institute (IRI). IRI 
appears as an obvious boundary organisation, as it operates 
within the boundary arena between knowledge and applicability 
and between the developed and the developing world.2 Several 
of the scientific organisations which are represented in my 
thesis have such a function, i.e. to be bridge-builders between 
various interests within their discipline or within their field. 
Boundary organisations are expected to serve scientific, 
political and practical interests, and are expected to provide 
these interests with facts (knowledge) and advice in several 
subjects and in certain cases with financial services as well. 
They have a unifying function, and try to promote an 
understanding for disparate perspectives in dealing with 
current problems. 
 
 

Boundary Organisation as a tool of analysis 

It is of course possible to combine the category ‘social network’ 
in a historical analysis with the categories ‘organisation’ and 
‘institution’ in general, but in this paper we are focusing on 
boundary organisations specifically. If such an organisation 
operates within the boundaries between practitioners in a field, 
political and economic actors and scientific and education-
oriented actors such an organisation ascribes to certain 
functions or purposes. In my forthcoming thesis3 I will use 
three different scientific organisations as examples: Svenska 
Läkaresällskapet (The Swedish Society of Medicine), 
Ingenjörsvetenskapsakademien (Royal Swedish Academy of 
Engineering Sciences) and Skogs- och Lantbruksakademien 
(Royal Swedish Academy of Agriculture and Forestry).  
Within these three scientific organisations, the serving 

practitioners are doctors and other medical professionals, 
engineers and technicians of different kinds, farmers, teachers, 
inspectors and so on. The political actors may be official the 

                                                
2 Guston (2001), p. 404. 
3 My thesis deals with studies on the relations between the research 
community in Sweden and Germany and the United States during the 
period 1914-1950. Its preliminary title is “The Swedish Research Society 
in a period of transition between German and Anglo-American influences”, 
and will map out and analyse Swedish scientific relations with the 
intention to catch a change between German and Anglo-American 
influences in Swedish scientific relations.  
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government, the parliament and political parties. Economic 
actors may be different businesses within the pharmaceutical 
industry, chemical- or fuel industry or the agricultural 
industry. Scientific and educated-oriented actors may be 
universities and university colleges, educational institutions 
within agriculture as well as technology, research institutes and 
individual researchers.  
These diverse interests, which represent several activities and 

perspectives, all have the opportunity to use the resources 
these organisations provide. They may constitute an arena or a 
forum for the needs and desires (in scientific and practical 
matters) of several interested partners. A boundary organisation 
may be an important financial agent, where scholarships are 
distributed to researchers and practitioners and a variety of 
financial support is given to diverse research projects. One 
point is that medical, technical and agricultural researchers as 
well as practitioners, engineers and farmers are able to apply 
for and distribute scholarships for travels within the country 
and abroad, i.e. researchers, as well as practitioners, may use 
the financial resources of the organisation. Through financing 
research projects, the organisation may initiate and contribute 
to some research being pursued.  
It can be said that a boundary organisation constitutes a 

base for a group of experts or a basis for the development of 
scientific competence within a wider field, in this case medicine, 
engineering science and agricultural science. Each organisation 
consists of a number of sections or departments, which reflect a 
continual specialisation and differentiation within that field. 
Such an organisation, therefore, constitutes a centralised 
resource of knowledge for external agents to co-operate with or 
to use for diverse purposes. Governments and educational 
institutions are directed to a boundary organisation like a place 
for advice for topical scientific and political issues and 
problems. The boundary organisation constitutes, in this case, 
a central agent within which topical societal issues should be 
handled and resolved.  
A boundary organisation provides scientific observations and 

documentation of the development within a research field in the 
form of scientific journals, publication series etc. It should be 
noticed that practitioners might maintain, from their point of 
view, important information and knowledge in crucial issues. 
The organisation, therefore, serves different interests in 
knowledge and experience, which through the publications and 
seminar- and lecture activities of the organisation may attract 
deserved attention.  



 160 

On the other hand, in my opinion, it is less important if a 
boundary organisation is considered to be in the forefront of 
scientific and political development. What is more important, 
from my point of view, is how well the organisation manages to 
co-ordinate different interests within its field. This role may of 
course change during different historical epochs as it is 
conditioned by different historical circumstances, but it 
appears nevertheless as more crucial than, for example, if more 
advanced research within a certain academic field is pursued 
by a university or by a research organisation. Academic 
research is seldom or less frequently pursued within an 
academy or a scientific society, partly due to deficient 
resources, and partly a consequence of the co-ordinating role of 
these organisations within their fields. What is more interesting 
is whether the organisation is apprehended as relevant or 
necessary for this co-ordination or not by the agents it is 
supposed to serve.  
A boundary organisation may even be an ambassador within 

its academic field that is to say in its capacity of promoting and 
propagating for a certain sort of research. In this case the 
organisation primarily is not serving a specific agent rather 
‘science per se’ or ‘science for its own sake’. The ambassador’s 
role foremost deals with promoting and propagating for or work 
in behalf of a certain interest or a special issue, and a boundary 
organisation willingly assume this particular role. The 
boundary organisation, therefore, takes on a co-ordinating role 
within a specific academic field, which even is included within 
its role of an ambassador.  
 
 

The Royal Swedish Academy of Engineering Sciences (IVA): A 
brief historical background 

Import difficulties during the First World War contributed to an 
intensification of research endeavours, especially within the 
pulp industry, but also within other branches. After the war, it 
became essential in Sweden to organise the scientific and 
technical resources in such a way as to make Sweden 
competitive in ‘the peaceful struggle’ between the leading 
nations of industry in the Western world. This challenge 
became an incitement in the foundation of the Royal Swedish 
Academy of Engineering Sciences in Stockholm. This 
organisation was to become a base for the co-ordination of 
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activities and experiences.4 The academy would be financed by 
donations from the industry, and the Swedish Government 
would remunerate official officers and give it its official 
character.5 
In Germany, the industry took form in close co-operation with 

technical research. Research and technical training were well 
organised, and German researchers and scientifically trained 
technicians were well trained and effectively used. At the time 
of the foundation of IVA, the Kaiser-Wilhelm-Institut für 
Kohlenforschung was a topic of or point of reference in the 
discussion. The German research institute was aimed towards 
practical applied research, and was for instance engaged in 
research concerning the production of ammoniac, synthetic 
rubber and floating fuel from coal. But there were also 
American prototypes like the governmental institution the 
Bureau of Standards, which was engaged in standardisation 
and materials testing issues, the National Academy of Sciences 
in Washington and also the National Research Council (NRC) 
with its concentration on industrial research.6  
IVA’s purpose was to promote technical and scientific 

research and therefore to promote Swedish industry and 
control the allocation of the natural resources of the nation. 
The idea was that IVA would constitute a body of the state with 
the task of taking care of and coordinating technical scientific 
research. Through rewards and finances, IVA would support 
researchers within the field. Furthermore, technical and 
scientific dissertations and investigations would be published 
under the auspices of IVA. At a more general level IVA would 
promote a co-operation between science and industry and 
accordingly improve the status of the engineering sciences.7 

                                                
4 Sundin (1981), p. 195. 
5 Björck, (2004), p. 221. 
6 Sundin (1981), pp. 24ff. The National Research Council (NRC) was 
shaped during the First World War through an initiative of President 
Woodrow Wilson. Its main task was to promote basic as well as applied 
research in the name of the nation’s security and welfare. NRC would 
promote co-operation between different research institutions, which 
included representatives of academies, authorities, industry and military 
power. Science was placed on an equal footing with progress, which meant 
research as weapon production and war preparations. George Ellery Hale 
signed this main idea. In National Academies and the Progress (1915), 
Hale pleaded for a broad scientific-industrial co-operation with a strong 
support from important political instances. Accordingly, NRC was an 
answer to Kaiser Wilhelm Gesellschaft in Germany, which was a precursor 
according scientific-industrial co-operation. Kevles (1987), pp. 112f. 
7 Sundin (1981), pp. 24ff. 
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The leading representatives of IVA constituted the foremost 
resources of the organisation. The first managing director of IVA 
was Axel F. Enström, head of division at the Swedish national 
board of trade. He was a uniting force with the task of leading 
and co-ordinating the work within the various departments. 
The president and the vice president were also vital to the 
academy. The other members of the academy would represent 
scientific engineering as well as technical competence. As part 
of the core of IVA at the time of its foundation, it is also worth 
mentioning that representatives from Kungliga Tekniska 
Högskolan (The Royal Institute of Technology in Stockholm), 
Elektriska Prövningsanstalten, Vattenbyggnadsbyrån, the 
chemical industry and the electrical-technical industry were 
chosen, along with prominent persons like Gustaf Dalén, 
Gunnar Dillner, Gustaf Ekman and Erik August Forsberg. 
Among the members there was a dominance of persons with 
exams from KTH rather than persons with exams from 
Chalmers’ Institute of Technology in Gothenburg. Ninety percent 
had done work towards a doctoral degree. Some of them had a 
foreign education. Among the branches of industry represented 
among the members, mining, iron, steel, engineering, chemical-
technical, and electro-technical industries dominated. On the 
other hand, one of the more important branches of industry in 
the Sweden, timber industry, was weakly represented.8 
During its initial phase, the academy chose to concentrate on 

three fundamental branches, that dealt with the fuel issue, 
construction technology and work sciences, e.g. Taylorism, 
industrial psychology and so on. An early task for the academy 
was to consider the establishment of a psychological technical 
institute. The academy found it however difficult to call out 
enough financial support for the psychological technical 
activities and by the middle of the 1920s was compelled not to 
give priority to the issue. The interest for the issue was, 
however, maintained by the managing director, Axel F. 
Enström, who was engaged in the issue throughout the 1930s.9 
The construction-technical issues were gathered through a 

committee, appointed by IVA, in 1919, which demanded 
government subsidies for a number of studies to be conducted 
within the field. The studies, which the demanded subsidies 
were to deal with, included primarily the issue of rational 
working sharing, but even surface treatment of buildings and 
so on. IVA was assigned SEK 50,000 in government subsidies 

                                                
8 Sundin (1981), pp.122 ff. 
9 Sundin (1981), pp.124 ff. 
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for the year 1920, and during the following three years IVA was 
assigned a further SEK 220,000 for investigations within the 
field.10 
IVA also took charge of disseminating information concerning 

the latest technical developments for a wider group of 
technicians, through different series of lectures but even 
through the publishing of Ingenjörsvetenskapsakademiens 
handlingar och Ingenjörsvetenskapsakademiens meddelanden. 
The dominating issue within these forums was energy-
technology.11 
 
 

IVA as a ‘Boundary Organisation’ 

The historian of ideas, Bo Sundin, maintains that IVA didn’t 
become the body of the state that gathered the technical 
research work, and didn’t either manage to mobilise any 
substantial sums for the technical research in Sweden. On the 
other hand, IVA did manage to positively affect the opinions 
regarding technology and the industry within the state 
administration. Therefore, the academy achieved a central and 
superior position in technical energy research and related 
activities. The academy was significant for psychological 
technology and work studies related to this field, the so-called 
‘rationalisation movement’. IVA even filled a communicative 
function through the establishment of the connection between 
standardisation and technical research.12 The historian of 
ideas, Carl-Magnus Pålsson, has called attention to the fact 
that during the 1930s, IVA worked together with 
Industriförbundet (The Federation of Swedish Industries) as an 
initiator and a driving force in the discussions about the 
structure of the technical research.13 The historian of 
technology, Hans Weinberger, has shown that IVA was a 
significant factor in the issue concerned with basic 
organisational construction. During the inter-war years, IVA 
had set up a number of small research laboratories, and its 
idea was to bring them together within a more central 
organisation or institute. In the end, the technical research 
belonged in the institutes of technology and the universities 
with close contact with higher education, which would become 

                                                
10 Sundin (1981), p. 126. 
11 Sundin (1981), p. 127. 
12 Sundin (1981), pp. 127ff. 
13 Pålsson (2003), p. 45. 
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the foundation of Tekniska Forskningsrådet (the Technical 
Research Council) in 1942.14 
If we follow Bo Sundin’s conclusions about IVA and its 

successes and failings during the inter-war years, or rather 
during the 1920s, which Sundin discusses, it is worth 
mentioning that the academy became an important agent in the 
intensive discussions of the foundation of the Technical 
Research Council during the Second World War. More 
interesting for this paper is whether IVA can be classified as a 
boundary organisation, and, if so, why it should be classified as 
such an organisation. 
Even if IVA failed to be the body of the state which gathered 

technical research and it did not manage to mobilise 
substantial sums for technical research, I propose that this 
question must still be answered with a yes. As Sundin has 
noted, IVA managed to draw the state administration’s 
attention to technology industry and its opinions. Furthermore, 
the academy managed to initiate considerable research and 
investigation activities concerning energy technology, 
psychological technology and work studies. Accordingly, IVA 
managed to initiate and support technical research and work as 
a mouthpiece for technical research related to the state 
governments. IVA didn’t become a technical authority in the 
1940s with the responsibility of organisation and pursuing of 
technical research, but it did become an essential partner in 
the discussion of the arrangement and financing of technical 
research. A boundary organisation should be a mouthpiece 
within its field, and, in my opinion, the academy fulfilled its 
task. It worked to promote a space for the representatives of 
technical research and the government to discuss and 
investigate the conditions for technical research. It even 
managed to inform technicians and engineers of the latest 
scientific results in the technical branch through the publishing 
of Meddelanden and Handlingar. In this way, the academy 
fulfilled its commission regarding the dissemination of 
information, which is an important task for a boundary 
organisation. The academy contributed to a financial 
commission at least through the supporting of scholarships, 
which made it possible to realise various research trips within 
the field.  
 
 

                                                
14 Weinberger (1997), pp. 38-96. 
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The international relations of IVA during 1919-1950: Some 
examples 

IVA wanted to promote an international exchange of research, 
but it would be delayed for five years after its foundation in 
1919, before the first foreign members were elected. In the 
regulations of the academy, there was a clause, which stated 
that only Danes, Finns, Norwegian and Swedish-Americans 
could become ‘foreign members’.15  
Concerning international relations, IVA was also represented 

at congresses, conferences and jubilees. It should be noted that 
early initiatives for a closer and more far-reaching Scandinavian 
co-operation took place. A meeting was held at the academy in 
April 1920, where representatives from Danish and Norwegian 
societies of natural sciences and associations of engineering 
were present. The managing director of IVA, Axel F. Enström, 
the head of a division of the Swedish national board of trade, 
maintained that the co-operation must be directed towards 
certain appointed goals, but that a co-operation could also be 
realised within a scientific field. Enström emphasised especially 
the establishment of connections through personal relations 
between technicians and scientists of the Scandinavian 
countries. Enström also made comparisons with the American 
way of organising the work, and argued that in the United 
States “they worked so to speak more scientifically abstract, 
something that as far as IVA is concerned nevertheless 
probably must be deferred for the time being. In the United 
States there were huge resources that made such work 
possible. Nevertheless, there must be emphasised that the work 
over there not may be regard to have the degree of efficiency as 
in Sweden.”16 The meeting expressed a wish that Scandinavian 
co-operation in the technical scientific field of research must 
take place. Adequate organisations would be founded in the 
specific countries for this purpose, most of all through sections 
for different tasks. Another main task became to investigate the 
possibilities to arrange conferences especially within fuel 
technology and construction technology. A study would be 
conducted within each respective country, which tasks of 
research within the technical scientific field with associated 
scientific fields are in progress, would be mapped out. Until the 
                                                
15 IVA minutes, 3 Dec. 1934, pp. 6f. 
16 IVA minutes, 19 Apr. 1920. Professor S. Saeland, Centralkommittén for 
videnskabelig samarbeide til fremme av Næringslivet, Kristiania, replied 
and maintained that “nowadays is a better culture of research in the 
United States than have hitherto been the case”.  
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activities of the organisations within each field would begin, so 
that a new Scandinavian conference could take place, these 
issues should be discussed through correspondence between 
Danmarks Naturvidenskabelige Samfund in Copenhagen, 
Central-kommittén for videnskabelig samarbeide til fremme av 
Næringslivet in Kristiania and IVA in Stockholm.17 
At a following Scandinavian conference held in October 1921, 

the wish was expressed that observations of research and 
experiences within the technical scientific field would be 
exchanged between the Scandinavian countries in order to 
promote good research results. IVA would take on the 
responsibility for informing the Danish and Norwegian 
delegates about the tasks of the work, which the academy had 
planned or initiated, in order to lay the foundation for further 
negotiations about a number of common activities within 
different fields of research. To the concrete tasks belonged a 
standardisation of symbols and constants at heat-technical 
calculations concerning the Scandinavian countries. A special 
committee with participants from the three countries would be 
founded for this purpose. The standardisation activities should 
even be extended to include analysis and the taking of 
specimens within the fuel field. Certain conferences concerning 
the issue of the investigation of fireplaces of households would 
be arranged. Furthermore, a wish was expressed for the 
realisation of a closer collation of the methods, which had been 
used in each country for an investigation of concrete 
compounded of various materials.18  
The first managing director of IVA, Axel F. Enström, became 

the Swedish engineer above all the rest who was in great 
demand as ambassador at international meetings after the First 
World War. He spoke German and English, and he was 
comfortable with meeting like-minded people round the world 
and discussing the great technical challenges, which were 
waiting. Enström especially contributed to priorities to the great 
World Power Conferences. These began 1924 in connection with 
the Wembley exhibition in London, where Enström participated 
in the Swedish delegation.19 An important moment for him 
occurred when he spoke at the World Power Conference in 
Berlin 1930 in front of representatives from 45 nations on the 
theme “Maschinenkraft als Kulturfaktor”. Enström concluded: 
 

                                                
17 ibid. 
18 IVA minutes, 25 Oct. 1921. 
19 Ahltin (1958), pp. 70-77. 
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Die Maschinenkraft und die daraus folgende Mechanisierung 
ist keineswegs als ein Fluch, sondern als ein Segen für die 
Menschheit einzuschätzen, ein Faktor, der den Menschen 
vorwärts und aufwärts zu führen vermag, wenn er nur 
seinen wahren Vorteil zu erkennen versteht. Wäre ich dessen 
nicht fest überzeugt, so wäre ich nie ein Mitglied der 
Weltkraftkonferenz geworden und geblieben.20 

 
 
A study trip to Germany 

The second managing director of IVA, Edy Velander, 
participated in a study trip to Germany and Switzerland in 
1941, which was arranged by Utredningen rörande den tekniskt-
vetenskapliga forskningens ordnande (The Commission of 
inquiry concerning the future administration of technical 
scientific research). The background to this trip was that the 
Government had appointed a committee in August 1940 with 
the main task to investigate technical scientific research in the 
country. A crucial issue was in what way and to what degree 
the Government should support such research. The 
Government gave, at the request from the committee in 
February 1941, permission to some of the members of the 
committee – as well as some representatives for the institutes of 
technology and industrialists – to carry out this study trip. The 
historian Gunnar Richardson has described the trip as well as 
one of the participants, Professor Arvid Hedvall, Chalmers. 
Hedvall explained afterwards that they were impressed with 
how the Germans had organised their technical research.21 
Richardson put the well-founded question why a Swedish 
governmental investigation and a number of representatives of 
industries and institutes of technology devoted themselves to 
studying a research organisation, which was completely 
dominated and controlled by a dictatorial state with its state 
controlled party during the war. In the report, which was 
released in 1941, it was evident how controlled the technical 
research was by the state and the party, which didn’t lead to 
any comments. Germany was rather characterised as an 
example of organised technical and scientific research. 
According to Gregory Ljungberg, the biographer of Edy 

Velander, there was a report on the trip about admiration 
shown for the strong understanding for technical research that 

                                                
20 Ahltin (1958), p.76 
21 Richardson (1996), pp. 114-118; Hedvall(1974), pp. 363-368. See also 
Björck (2004), pp. 451f. 
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was evident in both countries especially concerning co-
operation and various forms of support for research. “Germany 
had in several aspects been an ideal since many years and 
especially the Kaiser-Wilhelm-Institute made a strong 
impression. But there was of course also a sense of pressure 
from the Nazi regime in Germany, and actually it was only in 
Switzerland that the industrial research was presented”, writes 
Gregory Ljungberg.22 Ljungberg doesn’t discuss at any length 
the admiration that Velander and the rest of the group felt for 
the organisation of science in Germany. The impact of the Nazi 
regime on German science is just mentioned but is not giving 
any further analysis.  
It is possible that Richardson does not consider the fact that 

the admiration for German research and the capacity of the 
organisation had much older roots than the Third Reich, and 
that the change of government in 1933 did not have an impact 
on the opinion of the country as an interesting and high-
qualified nation of industry and research to any particular 
extent. It’s possible that there was a lack of consciousness 
about to which extent in fact the research was controlled, and 
when it was clear to the Swedish participants they did not dare 
to give a critical view out of consideration for their German 
hosts. Among the organisations, which were in the service of 
the party, it is worth noticing Verein Deutscher Ingenieure, 
which the former managing director of IVA, Axel F Enström, 
visited as late as 1936 in Darmstadt. The direction of the study 
trip, however, shows us how even the highest representative of 
IVA acted in the boundary between research and politics, which 
Ljungberg does not pretend to see in his biography.  
 
 

Preparations during the war 

Edy Velander, who had taken over the post as managing 
director in 1941, went to the United States at the end of 1943 
in order to work as a technical adviser for the Swedish legation 
in Washington. Before the First World War, the activities of 
embassies were dominated by lawyers, politicians and military 
men, after the war, they were carried out mainly by economists 
and tradesmen. The need for technical scientific representation 
at the embassies was at the time of the Second World War 
increasing, and Velander was strongly engaged in this issue, 
especially in the United States. Apart from the delegations of 

                                                
22 Ljungberg (1986), pp. 51f. 
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the Allies, the Swedish activities in Washington were the first, 
and probably were an ideal for other countries in that respect. 
It was, however, natural for Velander to choose the United 
States as the country where information at first should be 
found. Technology in Sweden had developed strongly without 
disruption through the war.23 Besides, Velander had spent 
some happy years in his youth in the United States, after a less 
successful stay in Germany during the First World War, where 
he had studied electric technology at the Institute of Technology 
in Berlin-Charlottenburg. “Germany in war, however, turned 
out to be bad for the relatively weak physic of Velander and his 
general disposition”, Ljungberg writes. 24 
As a technical adviser in the United States in 1943/44, 

Velander participated in several conferences and gave many 
lectures about Sweden, Swedish research and Swedish 
industry. He was especially interested in instruments, the 
methodology of measuring, laboratory equipment, libraries and 
the service of information as well as the organisation of 
technical research. Intensive discussions were held at the 
Swedish embassy concerning how the contact activities should 
be carried out after the war. After Velander returned to Sweden 
in the summer of 1944, he produced a number of papers and 
lectures, where he informed his readers of his opinions and 
experiences from his visit to America. From an expert’s point of 
view, Velander’s American trip during the war brought Swedish 
industry and research a huge material of information that made 
it possible for preparations for after the war to begin much 
earlier than would otherwise have been possible. Contacts with 
the United States were strengthened in about 1945, as 
consulting activities became permanent, and visits and studies 
in the country by Swedish researchers and industrialists were 
carefully prepared. 25  
Several scientific reports and travel reports deal with the 

United States, and in spite of the fact that during this period 
Germany was an ideal for Swedish science of engineering, 
Swedish researchers visited the United States more frequently 
in order to study separate technical occurrences and the 
organisation of the technical scientific research. As noted 
above, it was especially observed that Velander’s visit as a 
technical adviser in Washington in 1943/44, almost appears as 
a watershed in terms of which way the Swedish science of 
engineering should choose after the war. Velander’s travel 
                                                
23 Ljungberg (1986), pp. 56f. 
24 Ljungberg (1986), p. 19. 
25 Ljungberg (1986), pp. 58f. 
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report and later publications from the trip were a determining 
factor for Swedish technical-industrial activities. But the study 
trip, that among others, Velander carried out in the spring of 
1941 shows that the German technical-industrial organisation 
still had great significance, even if the exchange became rather 
meagre because of the strong ideological steering of the visit. In 
the case of Velander, a youthful love for the country obviously 
played a certain role in choosing the country for his service as a 
technical adviser, but of course even the fact that technical and 
industrial studies might have been pursued in the United 
States while the war was going on with accelerating speed in 
Europe. In any case, technical-industrial relations with the 
United States increased after 1945. 
 
 

Tasks in Germany 

Even after the break out of the war, IVA continued distributing 
scholarships to individual researchers and engineers for 
different purposes. Håkan Swedenborg, the manager director of 
Röntgencentralen, (the X-ray Central) was granted a disposition 
of 600 SEK for a trip to Germany in May 1940 to study the not 
destroying use of test methods, especially concerning 
controlling of welding joints. The academy also granted a 
requisition from Flygtekniska kommittén (the Committee for 
Aviation Technology, an organisation attached to IVA) for a 
travel subsidy of 1,800 SEK that was partly for aeronautics 
inspector Tord Ångström in order to study security issues 
related to flying, and partly a grant of 300 SEK for the engineer 
K.A. Norlin for his contribution to these studies. The academy 
also willingly proposed a suitable person for eventual studies in 
Germany in order to study a method for creating 
trinitrotoluol.26 
The opinion on Germany was, however, not wholly positive 

regarding their higher technical training programs. At a meeting 
at the academy in November 1941, Wilhelm Palmær held a 
lecture about the discussion of proposals concerning the 
foundation of a technical licentiate at technical university 
colleges. Concerning the status of the Swedish examined 
chemical engineer, Palmær maintains:  
 

What I definitely dare to express is that in these cases, which 
I now have mentioned, that from the Institute of Technology 

                                                
26 IVA minutes, 28 May 1940, pp. 4f. 
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examined chemical engineer concerning education is superior 
the German diploma-engineer. Yes, you dare might say as 
good as a German doctor-engineer or a PhD in chemistry, 
where requirements at the work of doctors in Germany is 
truly small. They have discussed that it should have been 
raised, but I don’t know if this yet has been realised. 27 

 

The war passed tolerably unnoticed in IVA and its protocols in 
the committee of administration. The reader gets a first 
reminder of the outbreak of the war through a notice that says 
that a planned party, related to the bicentennial jubilee of the 
Royal Academy of Sciences, is cancelled because of the political 
situation. IVA, however, sent congratulation addresses to its 
older colleague.28 The activities however seemed to continue in 
issues with a foreign connection. At the same meeting, the 
protocol minutes record that the academy had sent two 
participants to a technical scientific series of lectures in 
Zeisswerke, Jena, after an invitation from the company Carl 
Zeiss. The academy also granted Lieutenant L. Cassler, 
secretary of the gas-generator committee, a travel subsidy for 
studies of gas generators in Austria and other countries. Edy 
Velander talked about “Landesausstellung in Zürich; an 
exhibition of programs with an engineering-scientific element”. 
29 Later during the war, in February 1941, IVA received the 
same message from the Foreign Department as The Swedish 
Society of Medicine and other scientific organisations, i.e. that 
those members of the academy who had received an invitation 
to participate in conferences, congresses or similar manifesta-
tions abroad were asked to get in contact with the Press Bureau 
of the Foreign Department. 30 
The dinner speeches held by IVA’s President Waldemar 

Borgquist during the middle of the war, convey the atmosphere, 
the hope and apprehension which impressed the activities of 
the academy and the science of engineering at this time. At the 
festival meeting in the fall of 1942, Borgquist proclaimed that a 
fourth year of war was waiting with sharpened house holding of 
the deficit and with increasing demands on new production, 
economisation and rationalisation. During the passed year, 
1942, the issues of self-support dominated and came to a closer 
solution. Borgquist exemplifies this with the statement that a 
better domestic supply of metals had been secured through new 

                                                
27 Appendix, IVA minutes, 7 Nov. 1941, p. 3. 
28 IVA minutes, 29 Sep. 1939, p. 4. 
29 Ibid., pp. 3-10. 
30 IVA minutes, 4 Feb. 1941, p. 2. 
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edifices for nickel, copper, lead and aluminium amongst others. 
The supply of oil had been improved through the new edifices 
that have been built in Närke. A better grip on the issue of tar 
oil and the issue of air gas had been taken. The supply of 
phosphate had considerably increased through the extraction of 
domestic apatite through iron ore.31 The president rounded off 
his speech with a hopeful conclusion: 
 

Great demands will be made on the academy and its 
members. We will however meet the hard times with good 
confidence and with the fresh intention to continue as well as 
refreshed activities, which eventually through reasonable 
sacrifice will solve our problems of providing and therefore 
secure our national existence. 32 

 
The president described one year later how the interest for 
technical research had increased, especially through the 
research institutions, which had been founded during the past 
year. The state and the industry had been at the disposal of 
technical research to an ever-increasing extent than it was 
before. Though a fifth war of winter was waiting, relative safety 
still prevailed concerning the issues of providing and 
safeguarding. This situation was dependent on the fact that the 
Swedish industry had the capacity to utilise the natural 
resources of the nation in a satisfactory way. Borgquist even 
maintain that the war and the isolation of the country had been 
of use for the Swedish concern. New achievements had been 
made in natural science and technology, which would be of 
great significance in the future. The war and the barring had 
given impulses to such research. The progress within the 
research had, however, retarded because the lion’s share of the 
manpower had been on duty as part of the defence during the 
war. The president concluded with the expectation that a more 
plentiful supply of manpower after the end of the war should 
contribute to decreasing efforts within the technical research.33 
Borgquist gave an expression for a proportionately favourable 

Swedish situation, where research might be done and technical 
innovations made fairly independently of the surrounding war 
and the isolation from the world outside. Rather, Swedish 
industry and technical research were give some precedence, 
partly because the country had escaped the war, and partly 
because of intensifying contacts with the American institutions 

                                                
31 IVA minutes, 26 Oct 1942, p. 2. 
32 Ibid. 
33 IVA minutes, 25 Oct. 1943, p. 3. 
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within the field from 1943 and onwards. The hardest task 
during the war, and the issue, which got most attention, was 
the issue of self-sufficiency. This issue included the problem of 
fuel and the research stations, which in the middle of the war 
were founded in order to treat various metals.  
Another important issue was the support which the science of 

engineering was (and is) dependent on from the state and the 
industry. Former managing director Enström expressed, at the 
time of his resignation in 1940, a frustration with “the 
everlasting grumble at technique and its alleged unfortunate 
influence at the humanity and in that respect declared how 
they muddle away the concepts”.34 
The address was certainly not obvious, but one of the main 

tasks for IVA was to operate for an increased understanding for 
the need of technical-natural scientific research by the state 
governments and the commercial community. Enström was 
considered the ambassador of engineering science, and he had 
to pursue his work intensively in order to catch the interest of 
the state governments. Two-three years later, President 
Borgquist could instead emphasise the successful 
achievements of the academy and the engineering of science by 
this time.  
 
 

Consideration for Germany 

Borgquist resigned as president in October 1944 and was 
replaced by Sigurd Nauckhoff. Nauckhoff emphasised, in a 
speech in October 1945, the tremendous successes that 
technical-scientific research had achieved in the service of the 
war, especially in the United States. The Swedish research 
resources might not compete with the great powers, but during 
the war the government and the industry had shown a larger 
interest for the need of research. Research institutes such as 
the Pulp & Paper Research Institute, the Textile Research 
Institute, The Institute of Metallography and the Laboratory of 
Cement and Concrete Research were founded. The president 
maintained that the world after the war wanted a ‘scientific 
rearmament’, especially within the field of nuclear research. 
The significance of nuclear research had first been noticed in 
                                                
34 IVA minutes, 12 Dec. 1940, p. 10. Enström also maintained that the 
technique has a significance to relieve human muscle work, increase the 
use of intellect of man and in order to practise powers of observation of 
the senses.  
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the United States, the United Kingdom and the Soviet Union. 
The president however made a mental reservation: 
 

Whether it’s not elsewhere considered to be opportune, you 
can’t in that respect let to think of the defeated countries, 
especially Germany, and complain the great loss, that the 
whole scientific world has suffered through the enormous 
scientific construction, that with an unbelievable effort and 
acumen there has been raised, but now has collapsed. In this 
context we don’t have to think of what has been carried out 
for warlike use during the latest miserable regime. For the 
victorious nations, it certainly would have been a great task 
to save the remaining fragments from this enormous deed. If 
it happens, it seems however as regularly only egoistic 
intentions are behind the saving, and that it doesn’t intend to 
promote the international research in the whole.35  

 
The international reconstruction that Nauckhoff aimed at was 
materialised through The Swedish Academic Relief Committee 
that was founded in February 1945. In the administration 
committee of IVA, the founding of the committee and its aim to 
prepare Swedish contributions for scientific and cultural 
reconstruction in war-devastated countries was noted. The 
committee looked for co-operation with other Swedish scientific 
societies, among others IVA.36 This initiative didn’t lead to any 
further steps until one year later. Arvid Hedvall, a member, 
informed the committee that he had received a letter from 
colleagues around Europe, where a great number of technical 
literatures were commented. Hedvall explained that he certainly 
intended to send some publications to the inquiring colleagues 
by himself, but that kind of relief activities should be done 
privately and not under IVA’s auspices. The member, Folke 
Odqvist, reminded the committee that a relief committee had 
been founded one year earlier, and if Hedvall wanted to get in 
touch with them, the proposed consignments could be 
arranged. After that, the administration committee expressed 
the readiness of IVA in contributing to such a relief 
subscription.37  
IVA was however not so ready just five months earlier, in 

December 1945, when the academy received a letter from a 
Swedish relief committee called ‘Relief Warshaw’. The 
committee aimed to arrange the subscription of literature and 
instruments for more advanced education in the city. IVA 

                                                
35 Appendix, IVA minutes, 1 Nov. 1945, p. 3. 
36 IVA minutes, 14 May 1945, p. 3. 
37 IVA minutes, 13 May 1946, p. 5. 
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however didn’t involve itself in the case but pointed to the 
already existing Swedish Academic Relief Committee.38 The 
academy also received a letter from The Swedish Institute 
concerning the reception of university and university college 
teachers from Germany, Austria, Hungary, and Poland 
(amongst others). The letter was about the preparations for an 
event that would allow researchers to get more knowledge 
about scientific developments during the years of war. The 
technical research council, which had received the same letter, 
proposed a co-operation with IVA.39 Whether IVA accepted the 
offer concerning co-operation hasn’t been possible to prove. 
 
 

Conclusions 

IVA acted as a boundary organisation in international issues 
and contexts, however this function was to become more 
central in national contexts. In order to strengthen and develop 
technical-scientific work, IVA co-operated mainly with other 
academic organisations, especially Scandinavian actors in the 
beginning of the 1920s. The technical-scientific status of 
particular countries would be improved through co-operation 
with Scandinavia, and according to Axel F. Enström the 
inspiration for this co-operation was to be sought for in the 
United States, where such co-operation had been initiated. New 
organisations should be created and the control of maintaining 
the contacts should be intensified. The co-operation should be 
strengthened. IVA found its role as a boundary organisation in 
this Scandinavian context, especially with regards to 
information supply, where scientific as well as technical and 
industrial interests participated.  
Edy Velander, the managing director of IVA, participated in 

the task of strengthening the technical research in Sweden in 
connection with a study trip to Germany and Switzerland in 
1941. Velander represented Swedish engineering science and 
technology, and this is also true for a later period, 1943-44, 
when he visited the United States in order to promote a 
technical Attaché at the Swedish embassy in Washington, 
which was an important step in order to strengthen the 
transatlantic relations. 
IVA was primarily a national organisation with a national 

mission, i.e. to promote Swedish technical research and 

                                                
38 IVA minutes, 4 Dec. 1945, p. 8. 
39 IVA minutes, 28 Feb. 1947, p.4. 
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engineering sciences and related industrial and political 
interests. IVA tried, in the same way as the scientific 
community in general, to justify its work with reference to 
national interests and the welfare of the nation. Sweden as an 
industrial and technical power skilfully eluded if not the state 
authorities would take control of the technical research in the 
country. It was said that the destiny of the nation was 
dependent on to what degree the state government is prepared 
to concentrate on research.40 
 
 

Archival material and references 

Archives 
 
Ingenjörsvetenskapsakademiens arkiv, Stockholm 

Ingenjörsvetenskapsakademien: Minutes. 
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Diffusion of technological and organisational 

innovations as a process of social 
construction 

 
 

Bernd Hofmaier 

 
There seems to be a common view of how innovations – may it 
be product or process innovations – are diffused and spread. 
Everett M. Rogers in his widely read book on the diffusion of 
innovations provides a set of analytical categories for potential 
adopters of innovations. Diffusion is dependent on: 
 
1. the relative advantage of the innovation 
2. compatibility with the potential adopter’s current way of 

doing things and with social norms 
3. the complexity of the innovation 
4. trialability or the ease with which the innovation can be 

tested by a potential adopter  
5. observability or the ease with which the innovation can be 

evaluated after trial.1  
 
These five attributes have been treated by researchers from 
different disciplines albeit under different headings. Some of 
these attributes are related to the uncertainty of the innovation, 
others to the question of economic investment. The second 
item, the compatibility with the potential adopter’s current 
ways of doing things and with social norms, is central in social 
studies and is discussed and have been developed more in 
studies by, e.g. Bart Noteboom in his article on cognitive 
proximity.2 This attribute points directly to the social nature of 
innovation processes. This is also observed by Rogers in a later 
part of his book where he formulates four additional points 
about the social conditions which may influence the diffusion of 
innovations:3  

                                                
1 Adapted from Hall (2005) p. 461. 
2 Nooteboom (2003). 
3 Hall (2005) p.462. 
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1. Whether the decision is made collectively, by individuals, 
or by a central authority. 

2. The communication channels used to acquire information 
about an innovation, i.e. whether mass media or 
interpersonal channels are used. 

3. The nature of the social system in which the potential 
adopters are embedded, and its norms, and the degree of 
interconnectedness. 

4. The extent of the change agents’ (advertisers, development 
agencies, etc.) promotion efforts.  

 
Even if these observations are a clear step in the direction of 
the view of innovation as a social process, Rogers is conscious 
that diffusion research is characterised by a series of 
shortcomings which can be summarised as follows:4  
 

• Diffusion is seen as a linear, unidirectional communication 
activity. 

• Diffusion is viewed as a one-to-many communication 
activity. 

• Diffusion research is preoccupied with an action and 
issue-entered focus on selling products, actions, or 
policies.  

• Diffusion research uses adoptions as the dependent 
variable.  

• Diffusion research suffers from en implicit pro-innovation 
bias, which assumes that an innovation should be adopted 
by all members of a social system as rapidly as possible.  

 
These observations not only point to the creation, diffusion and 
usage of innovation as a social process, they also make clear 
about that innovation processes can be understood as 
processes, which develop in systems. How such systems should 
be perceived, what kind of actors take part in them, and which 
type of relations one should study are all issues that are still 
open, but the main stream of research in this field now uses a 
systems approach. This is clear even for the layman. It is 
obvious to any observer of how innovations are developed and 
spread that this is not a straightforward process. Ideas have to 
be developed, people have to be persuaded and convinced, 
capital has to be found, technical solutions, which can support 
the original innovation, have to be developed, markets have to 

                                                
4 Rogers (2003). 
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be approached and sometimes created and organised, and so 
on.  
Today, innovations are seen as developing in an interactive 

way in networks consisting of many actors and the process of 
innovation is perceived as a process with many feedback loops.5 
The actors are collective or individual actors with different 
significance and importance in different phases, which in turn 
establish and develop relations. To develop relations is now 
seen as central; therefore, the role of the entrepreneur is 
becoming the focus in many studies. An entrepreneur in this 
context is defined as someone who sees new possibilities, and 
has the motivation and interest to do something new, or in 
other words to set the system in motion.  
The systemic approach to innovations is formulated through 

a range of concepts. Some of which are Leitbilder that guide 
organisations and individuals when implementing political 
programs and goals.6 Others are concepts developed in the 
academic discourse where they, depending on the theoretical 
frame, are used variously as more or less precise concepts in 
order to describe, analyse and explain different phenomena. In 
Sweden, we find a variety of concepts where some are typical 
guiding visions with the aim of promoting a specific 
development. The agency VINNOVA (Swedish Agency for 
Innovation System) is using – or perhaps more correctly used – 
the concept of a triple helix which can be understood as the 
collaboration between three otherwise differentiated spheres: 
business, academia and the state.7 The concept should be used 
as a typical guiding vision but was used by VINNOVA as a 
normative concept in a top-down manner. Even if the term 
triple helix is less important today, VINNOVA still supports 
collaboration between organisations involved in triple helix 
formations.  
NUTEK (Swedish Agency for Economic and Regional Growth) 

the other agency in this field uses cluster as the main concept 
and promotes different cluster approaches. In this case of 
cluster as well, the concept is used as a guiding vision or 
Leitbild and attempts are made to demonstrate the existence of 
successful clusters in Sweden (Malmberg 2002).  
Together with innovation system, triple helix formation and 

cluster formation are the three most used concepts. All three 
share similarities but they are also different in some respects in 
practice and there seem to be quite different interpretations 
                                                
5 Rosenberg (1982). 
6 Dierkes, Hoffmann et al. (1992). 
7 Etzkowitz and Leydesdorff (2000). 
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among scholars for the three concepts. Innovation systems (IS), 
of which there can be several types with different levels of 
complexity include all the important economic, social, political, 
organisational, institutional, and other factors that influence 
the development, diffusion, and use of innovations. Definitions 
of IS can, as stated, vary and this is the most open definition 
used. What perhaps differentiates IS from other formations is 
the focus on learning.8  
Triple Helix (TH) is about the idea how three actors – 

enterprises, universities and the state together shape a 
collaborative form for creating, diffusing and using 
innovations.9 Even in this case, opinions vary especially about 
how the spheres interact and how the borders between the 
spheres are formed. Even if learning is a part of triple helix, the 
main focus is on creating enterprises in close connection with 
universities especially. Therefore, the focus is on entre-
preneurship both when it comes to the creation of new 
companies but also in the case of universities which are 
expected to embark on a developmental process as an 
entrepreneurial university.10 It is perhaps fascinating that the 
concept of triple helix today plays a prominent role in Sweden, 
but from a historical perspective, interaction between the three 
spheres has been part of the political agenda for long time. Two 
examples of successful interaction are first the collaboration 
between the company ASEA which developed and produced 
heavy electrical equipment for generators and transmitters of 
electrical power; the Royal Technical University in Stockholm 
where research was done, and the governmental authority 
Swedish State Power Board (Kungliga Vattenfallsstyrelsen) 
which influenced both the legal system and was an important 
part in organising the needed venture capital. The second 
example is the collaboration between the telephone company 
LM Ericsson, the Royal Institute of Technology and PTS, the 
governmental authority, which oversees electronic communica-
tions and postal systems in Sweden, which resulted in a 
technical and market advantage vis-à-vis competitors and the 
market-leader Ericsson.11 
A cluster is a geographically proximate group of inter-

connected companies and associated institutions in a 
particular field, linked by commonalties and complementarities. 
The theory usually starts from Porter’s so called diamond where 
                                                
8 Lundvall (1992). 
9 Etzkowitz and Leydesdorff (2000). 
10 Etzkowitz, Schuler et al. (2000). 
11 Fridlund (1999). 
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four related factors are the driving force for innovation: factor 
input conditions, context for firm strategy and rivalry, demand 
conditions, and the related and supporting industries. All four 
factors are important for the cluster to develop, which in turn 
also encourages innovations. Even if the arguments for clusters 
are diverging, there is, at least from the perspective of the 
practitioners, a common view of clusters as a successful 
collaboration formation.12 
All three approaches show common elements but also have 

some differences. The actors are enterprises, R&D 
organisations, institutions etc. and they are more or less 
voluntarily collaborating. They establish and sustain their 
mutual relations over a longer period. They co-operate, but 
individual firms can be competitors in certain respects. At the 
same time it is obvious that, for instance, the triple helix 
approach is much more focused on R&D activities and 
establishing new firms. The innovation system approach on the 
other hand is more concerned with establishing relations, and 
in competence development.  
These models, which are normally seen as embedded in a 

regional context and therefore include social elements, are also 
often seen as elements in a growth oriented politics and can be 
summarised under the heading collaboration systems. At least 
from the perspective of VINNOVA – and other organisations 
with the aim of implementing policies aimed at collaboration – 
this particular form of collaboration is seen as relatively 
uncomplicated. Even if both these organisations and individual 
researchers are aware that in reality collaboration is not easy. 
Contributing to this general opinion is the fact that the Swedish 
term samverkan – which can be translated as collaboration or 
working together or simply to do something together – is one of 
the most honoured concepts in Swedish culture. So why should 
it be complicated, when everyone has done it before and is 
expected to do things together with other people or 
organisations? But experience shows that there are at least two 
perspectives which complicate the picture.  
The first complication is the fact that individual or collective 

actors in every sphere of the triple helix formation have 
different norms, aims, and rules, and they represent different 
knowledge cultures. In addition, there are different institutional 
frames. Working together includes crossing such borders. 
Within the same sphere, such differences are – at least for some 
– not a very big problem, but it can be a problem when 

                                                
12 Martin and Sunley (2003). 
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collaborating across borders between spheres. Everybody 
knows that there are problems in collaborations between SMEs 
and the academic field, or collaboration between organisations 
in the public sector and private companies. It is not only a 
question of language but also of different institutional settings, 
rules and norms, different practical working models, etc.  
The second complication has to do with practical experience. 

Actors who collaborate not only exchange ideas or material 
products, they in a way construct something together. This 
something can be a new product or an improved product or 
process, but it can also be a kind of hybrid, a more or less 
complex new thing which includes both technical and 
organisational elements. A typical example is the development 
of an IT-based ‘bidding-organisation’ which was intended to 
come into operation in Västra Götaland.13 Such a product 
includes not only the technical artefact – a computer – but also 
programmes and ideas of what kind of data should be 
processed, stored and retrieved. Such a product also includes 
people with certain specific competencies which are important 
for the development of the product. The product itself and the 
processes generated by the application should also match 
processes in the firms that will be using such devices etc.  
Experiences with a variety of projects in this field – the 

development of technical artefacts, new organisational 
innovations and especially participation in the creation and 
development of innovation networks – has made me reflect on 
the mainstream explanations of the diffusion process and look 
for alternative frames for understanding such processes. This 
interest should also be seen against the background of the 
above-mentioned attempts to organise collaboration in the 
different forms offered by e.g. the triple helix formation and the 
innovation system. These approaches are normally seen as 
relatively simple and, at least on the level of the initiating and 
financing agency, there do not seem to have been any in-depth 
studies regarding how innovations are created and diffused.  
There are of course other theoretical alternatives – 

institutional theory, etc. – but with an interest in the approach 
of SCOT (Social Construction of Technology) and ANT 
approaches (Actor-Network theory) and a general interest in 
social constructivism, in this paper I focus on describing the 
frame from this triple perspective. However, importantly, the 
data which I am using is from a variety of projects and has not 
been systematically collected for this paper. Therefore the 

                                                
13 Remneland (2005). 
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following discussion should be seen as an attempt to try out the 
usability and relevance of such a broad-based theoretical 
perspective.  
Another important aspect should be mentioned. This paper is 

about certain aspects of the ‘constructing and diffusion’ of 
innovations. Normally a distinction is made between invention 
and innovation. Invention is the first occurrence of an idea for a 
new product or process, and innovation is the first attempt to 
put it into practice.14 Innovations can take many forms but are 
normally reduced to four variants: 
 

1. Product innovation – changes in the things (products 
/services), which an organisation offers. 

2. Process innovation – changes in the ways in which things 
(products/services) are created and delivered. 

3. Position innovation – changes in the context in which the 
product/services are introduced. 

4. Paradigm innovation – changes in the underlying mental 
models, which frame what the organisation does. 

 
These definitions are about products and services and the 
conditions under which they are created and introduced, but 
there are other forms of innovations which can be viewed within 
the same frame. Organizational innovations are innovations, 
which can also be discussed in this context. Unfortunately, the 
term ‘organizational innovation’ is ambiguous. According to 
Alice Lam, some authors use the concept to refer to ‘innovative 
behaviour in organizations’. Others use the term in a more 
restricted way and refer to ‘innovations in organizational 
arrangements’, such as new organisational forms which are 
developed and spread to one or more organisations.15 A more 
analytical definition, and at the same time one with a clear 
connection to models in practice, is used by Schienstock.16  
In the following discussion, I am closer to organisational 

innovation than product or process innovation even if some 
examples and aspects from the latter form are mentioned. 
 
 

Essentials of the approach  

The analytical framework used here is quite heterogeneous even 
if one could place most of the approaches under the umbrella 
                                                
14 Fagerberg, Mowery et al. (2005) p. 4. 
15 Hall (2005) p. 115-141; Lam (2005). 
16 Schienstock (2004) p. 137-180. 
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Science and Technology Studies (STS). But even this term is 
questioned, and some authors instead use the term Studies of 
Science and Technology (SST) to avoid confusion.17 In this broad 
field, there are several schools with somewhat different roots. 
The intention here is not to describe and discuss all the various 
approaches, instead I will focus on some of the main elements, 
which I propose can be used to analyse organisational 
innovations. STS is an interdisciplinary field of studies with its 
main focus on how science and technology affects and are 
affected by changes in society. The original deterministic view 
in the 1960s and early 1970s, which can be represented by, for 
instance Lewis Mumford and later Langdon Winner, was 
modified by the ‘Strong Program’ in the mid- and late 1970’s. 
This programme, which had connections to the University of 
Edinburgh, gathered some researchers which formulated a new 
perspective on how to study science and technology. Within the 
program, the language and concepts which came to dominate 
the discussion – and still do today – were formulated. A typical 
expression is Law’s statement that science and technology 
should be viewed symmetrically when analyzed, “…both true 
and false knowledge deserve sociological analysis. And – this is 
equally important – they deserve analysis in the same terms”.18 
Another important impetus came from the so-called social 

constructionist movement which is based among other sources 
on the immensely influential book The Social Construction of 
Reality by Peter Berger and Thomas Luckmann.19 Social 
constructionism, and theoretical impulses from economy, 
sociology, history and other disciplines contributed also to three 
other approaches. The first approach is the ‘social systems 
approach’ (e.g. Thomas P. Hughes) which focuses on techno-
logical artefacts as part of larger systems where ‘system 
builders’ play an important role. The second is the ‘social 
constructivist approach SCOT’ (e.g. Pinch & Bijker), which 
asserts that artefacts are determined by the social construction 
made by individuals and collectives.20 The third is the ‘Actor-
Network Theory ANT’ (e.g. Callon, Law and others), which 
claims that systems are not closed but part of the larger social 
and natural environment, and that social constructivist theory 
should be complemented with the concepts of power and 
manipulation.  

                                                
17 Czarniawska (2004). 
18 Law (1994). 
19 Berger and Luckmann (1996). 
20 Bijker, Hughes et al. (1989). 
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These three approaches have shown a certain degree of 
constancy within academic discussions, and their arguments 
and ideas have been diffused into other disciplines like 
business administration;21 organisational strategy and other 
fields. One of the most well-known names is Bruno Latour, who 
is seen as one of the central figures in the field of ANT.22 It is 
outside the scope of this paper to delve further into the 
complexity of possible approaches, but for the following 
discussion, a summary and simple overview over some of the 
main elements will be given.  
There is at least one common point which should be noted. 

These approaches introduce a new view on how social and 
technical phenomena should be treated and like the social 
sciences generally, they use a natural language for concepts. 
The problem is that many concepts which are used in, for 
example sociology, are defined within their specific theoretical 
frames in ways that work in these sciences but are less useful 
outside the given field. A new radical approach such as SCOT 
or ANT either has to develop a completely new terminology of its 
own or use ordinary language but with new definitions and 
meanings. We, therefore, find a whole register of concepts and 
terms with very specific meanings and definitions and which 
are on the surface similar to concepts in e.g. sociology. 
Examples of such concepts are actants, translations, interest, 
funnels of interests, closure, relevant social group, etc. To give 
two examples:  
 

• Actant: Latour writes: “We use actant to mean anything that 
acts and actor to mean what is made the source of an action. 
This is a semiotician’s definition that is not limited to 
humans and has no relation whatsoever to the sociological 
definition of an actor by opposing to mere behaviour”.23  

• Relevant social group: “Relevant social group is both an actor 
and analyst category. When following the actors in their 
identifications, definitions, and delineations, it is the actors’ 
relevant social groups that we get”.24 

 
Another common issue in this theoretical field is the idea of 
actors that construct heterogeneous networks. Such networks 
consist of actants – human or non-human, and, for example, 
within the ANT-version the main problem is to persuade 
                                                
21 Callon and Law (1989). 
22 Latour (1998). 
23 Latour (1992) p. 256. 
24 Bijker and Law (1992) p. 78. 
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actants/actors to join the network, to make them stay and 
stabilise and develop the network. The approach is, therefore, 
aimed at studying power, manipulation, persuasion etc. This 
theoretical approach can be used to study the ‘making’ of an 
innovation as either a technical artefact or as a social or 
organisational innovation.  
Methodologically the main techniques used in all variants of 

SST are qualitative interviews, but documents, artefacts, etc. 
are also studied, and so are actions – a fact which seems 
sometimes to be forgotten. But even here, both the methods 
and the ways of analysing and the forms of reporting are 
discussed. Even if, for instance, qualitative interviews seem 
uncontroversial – after all, the main issue is interpretation – 
such interpretations will be different due to the theoretical 
approach used. A piece of paper can be both a sketchy drawing, 
a protocol or a note with something scribbled on it, or it is 
translated into an actant, which is a boundary object that does 
“something with other actors”.25  
 
 

Central concepts and steps in an ANT-approach 

The ANT-approach like other approaches is not easy to explain 
or to use. ANT is, according to some researchers, perhaps not a 
fully developed theory but more a sensitive frame of reference 
and, as some say, perhaps more of a literary genre. But the 
number of ANT studies in the field is increasing and today 
includes not only technical issues but also organisational 
issues.26 It should, therefore, be meaningful to use this 
approach. For the purpose of this paper, the following concepts 
are central. 
Symmetry, or the treatment of humans and non-human 

actors symmetrically, i.e. on the same terms, is essential. 
Another central concept is translation, which according to 
Michel Callon implies definitions and inscriptions. To quote 
Callon: “Nevertheless, the elementary operation of translating is 
triangular: it involves a translator, something that is translated, 
and a medium in which that translation is inscribed”.27 
Translation thus means both movement in space and in time 
and movement between different contexts. The last is important 
for Latour in his use of the concept “We call translation of any 

                                                
25 Star and Griesemer (1989). 
26 Czarniawska and Hernes (2005). 
27 Callon (1991) p. 143. 
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script from one repertoire to a more durable one transcription, 
inscription, or encoding”.28  
Further on I will use some other central concepts which 

Callon identified as a pattern of actions used for translating an 
innovation.29 These concepts are actually steps, which delineate 
a methodology for empirical research:  

Problematisation – in which an initial set of actors define or 
redefine a problem and offer a solution. The goal is to make a 
new definition recognizable for others and make it an obligatory 
passage point for entering the network.30 

Obligatory passage point – where actors, e.g. entrepreneurs 
gradually enlist participants from a range of locations, 
reinterpret their concerns to fit their own programmatic goals 
and than establish themselves as gatekeepers.31  

Interessement – by which each entity which passes through 
this obligatory passage point is locked into place so that their 
reciprocal relations are invested with some interest. Once the 
relations are established, a pattern of exchange emerges which 
will establish what the entities will get in return for getting 
involved in the network.32  

Enrolment – in which the entities in emerging networks are 
co-ordinated and aligned. Enrolment always involves some sort 
of negotiation.33  

Mobilisation – the network starts to operate as a recognizable 
actor and can produce some effects.34  
 
 

An application of the approach 

As declared in the beginning of this paper, the approach – or 
approaches – can be used to describe the construction of net-
works that consist of human or non-human artefacts. This has 
also been done in many studies of a more or less historical 
character, for example, SCOT studies of bicycles or the use of 
Bakelite, etc. Such studies usually exhibit a deterministic view. 
The ANT approach was first more oriented to the process of 
‘making’, of creation. Innovations, whether they are products or 
organisation innovations, are seen as part of a developmental 

                                                
28 Latour (1992) p. 256. 
29 Callon (1986). 
30 Callon (1986) p. 204. 
31 Star and Griesemer (1989) p. 389. 
32 Callon (1986) pp. 207-211. 
33 Callon (1986) p. 211. 
34 Callon (1986) p. 214 ff. 
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process in which many different actors participate and which 
also include artefacts – a specific sign of the ANT-approach.  
As mentioned earlier, to follow a process means also to ‘follow 

the actor’ which is one of the expressive guidelines in the ANT 
approach. But to follow the actor through all the phases and 
translation acts requires the proximity of the researcher and 
intensive data collection through observation, interviews and 
study of documents. Unfortunately, the material used for the 
description and analysis in this study is very sketchy and it 
was also, in part, collected for a study with other purposes. The 
following should, therefore, be read as an example of how the 
ANT-approach could be used to describe one of the central 
steps in the ‘making’ of a network.  
 
 

‘Health Technology Alliance’ (HTA) – an innovation network in the 
making 

First, a short list of dates and occasions which are relevant for 
this discussion in ANT terms. HTA has from the start been an 
answer to the political focus on innovation systems and 
clusters promoted by central authorities such as VINNOVA (the 
Agency for Innovation Systems) and NUTEK (the Swedish 
Agency for Economic and Regional Growth), but in developing 
the HTA initiative there have been rather quick changes in the 
combined initiative of the enterprise, the university and the 
public sector. From the beginning Halmstad University has had 
an important role in organising and getting HTA started. The 
reason is quite simple; the university had been engaged in 
establishing and supporting networks of SMEs and researchers 
for many years and had accumulated both theoretical and 
practical knowledge about organising collaboration processes 
not only between the university and firms but also between 
firms. HTA is, however, is a larger initiative that involves a more 
complex strategy as it includes both municipalities and other 
actors in the region.  

Year 2000: In the autumn of the year 2000, the municipality 
of Halmstad started a project to profile the city as 
Innovationsstaden (‘City of Innovation’). This process implied – 
and still involves – collaboration between the municipality, 
industry, Halmstad University and the Schools of the Swedish 
Military Forces in Halmstad. The vision for Halmstad is to be a 
natural centre for innovative companies and a base for 
entrepreneurial activities. This includes planned activities and 
today, it also includes business incubators for newly started 
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companies, training courses for young entrepreneurs, advanced 
entrepreneurial training, etc. The work within 
Innovationsstaden has also resulted in a project that aims to 
identify the strengths and weaknesses in the region, and in this 
process one of the potential areas identified was called 
healthcare technology.  

Year 2001: Within the overall vision of Halmstad as an City of 
Innovation’ and the vision of the regional university as an 
‘University of Innovation University’, a pilot project that focuses 
on ‘Start-ups and company development based on praxis 
relevant innovation education’ was initiated.  

September 2002: The ‘City of Innovation’ project invited 
organisations, firms and public organisations for a discussion 
with the aim to find out if there was an interest in profiling the 
field of health care technology. This meeting was the point of 
origin for HTA and was followed by a series of strategy 
meetings.  

April 2003: In 2003, the VINNVÄXT programme ‘Regional 
Growth through Dynamic Innovation Systems’ at VINNOVA 
announced a programme that takes the form of a competition 
between regions. The aim was to promote sustainable growth by 
developing internationally competitive research and innovation 
environments in specific growth fields. The winning regions 
could expect to receive funding of up to SEK 10 million per year 
for a period of 10 years. A prerequisite for the programme was 
the active participation of players from the private, public and 
research sectors and from the political sphere (triple helix). 
HTA applied for financial support to the VINNVÄXT 

programme. The participating organisations were: 
 
• Halmstad University 
• County Council of Halland 
• Regional Development Council Halland 
• Municipality of Halmstad 
• Municipality of Varberg 
• More than 20 companies 

 
The VINNVÄXT programme (Regional Growth through Dynamic 
Innovation Systems) is a programme that takes the form of a 
competition between regions. The aim is to promote sustainable 
growth by developing internationally competitive research and 
innovation environments within specific growth fields. The 
winning regions will receive funding of up to SEK 10 million per 
year for a period of 10 years. The objective is that the winners 
will become internationally competitive in their respective fields 
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within this period. A prerequisite for the programme is the 
active participation of players from the private, public and 
research sectors and from the political sphere. 

December 2003: Unfortunately, the application to VINNOVA 
was not successful; the winners, who were chosen from among 
25 applicants, were three innovation projects with a clear focus 
on nation-wide recognised growth areas, and, importantly, they 
had close ties to recognised university research. HTA was seen 
as a kind of ‘light’ variant and instead of financial support, it 
received opportunities to participate in diverse learning and 
support activities which VINNOVA and NUTEK organised.  

2004: In 2004, HTA applied for a second time, and with 
negative results, even if VINNVÄXT comment was positive, and 
VINNVÄXT had used a category for applications explicitly 
termed ‘embryonic’. The lack of expected financial support, 
which would have given HTA a solid financial base, resulted in 
a variety of fund raising activities. These activities and the 
disruptions within the organisation of HTA resulted in the 
beginning of 2005 in a new HTA organisation.  

Early 2005: The most important changes were in the role of 
Region Halland, due to its financial contribution in real money, 
and the organisation of the firms into an interest and support 
association. Region Halland became, in their own words, the 
‘process owner’ with a responsibility for industrial and 
economic development issues and for carrying through the 
Regional Growth Programme. This means that the Region 
finances the main part of the daily work of HTA, including 
financing of a project manager position. There is also a steering 
group consisting of representatives from a variety of 
organisations in the HTA. Their main aim is to organise 
strategic processes and initiate task-oriented processes. HTA is 
thus now organised as an interest and support organisation 
with representatives in the steering group; it participates in 
joint network activities but otherwise works independently on 
their own innovation projects, such as developing health care 
products. 
 
 

Actors, both human and non-human / individual and collective 
actor 

Actors are according to Callon “…any entity able to associate 
the various elements (…) which defines and constructs (more or 
less successfully) a world peopled with other entities, gives 
them history and an identity, and qualifies the relationships 
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between them”.35 For ANT researchers, actors can be both 
human and non-human, they can also act as intermediaries, 
which transport meanings and define the relationship between 
actors such as scientific articles, instruments, technical 
artefacts, contracts etc.36 They can also be individual and 
collective actors. Here is a list of individual and collective 
actors:  
 
Table 1: List of main actors (individuals anonymized) 
 
Actors Collective/ 

Individual 
Position 

VINNOVA collective  
   
Halmstad University (HH) collective  
ML individual Researcher 
JSH individual Venture capital 
JA individual Researcher 
ESys collective Research group 
   
Halmstad Municipality collective  
N individual Business dev. secretary 
DS individual Business co-ordinator 
AL individual Project secretary 
Social service  collective  
xx individual Administrator 
Region Halland collective  
SL individual Business Development  
   
C coll/indiv Firm/owner/entrepreneur 
20 other  coll/indiv Firms/owners 
 
In terms of ANT, there are also intermediaries e.g. documents 
which could be and are circulated by the individual or collective 
actors. VINNOVA and the VINNVÄXT programme, for example, 
distributed not only information about the programme and how 
the applications should be formed and filled out; there was also 
sometimes intense communication between the actors 
concerning the formation of collaboration between actors. The 
VINNVÄXT programme group communicated their 
interpretation of the main ideas behind the triple helix 
formation, and they brought up for discussion various ideas 
about how the application should fit the regional growth 
strategy. This included, in the first stage, visits and discussions 
with officials from VINNOVA and later on seminars and 
                                                
35 Callon (1992). 
36 Callon (1991) p.134. 
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meetings organised by support organisations created for this 
purpose. An exhibit of the documents and the interpretations 
and translations done by the different actors should be 
presented here as part of the ANT analysis but is at this stage 
not possible. 
There are also other intermediaries, which in certain periods 

or phases are put into action by different actors. Nearly every 
firm in the network has products which could be used as an 
intermediary, e.g. carrying a message and demonstrate the 
firm’s willingness to participate in the process of applications. 
In general, these are products in the field of health care or 
medical health technology. As an example, at least one of the 
products was important for the collaboration between R&D 
organisations at the university, departments of the municipality 
of Halmstad and firms participating in the network. HTA as an 
innovation network can therefore be identified as a 
heterogeneous network that includes both human and non-
human actors.   
 
 

The creation of HTA  

As easily can be seen – even if the description is not well-
developed – there are several establishment phases, which the 
innovation network has gone through. In every phase, the 
formation of actors slightly changed and so did their ways of 
interacting,37 and sometimes new actors gained influence. 
Every actor enacted, or from the perspective of ANT, translated 
their interests and aims into a form which could be used for 
problematisation, enrolment and mobilisation. VINNOVA can 
function as an llustrative example. The organisation’s “mission 
is to promote sustainable growth by financing RTD and 
developing effective innovation systems” (www.vinnova.se), that 
is the organisation both finances projects and gives advice on 
how to organise such projects. As indicated earlier this is done 
both by formulating explicit rules for the applications for 
financial support, but also by organising other support 
activities, such as seminars, workshops and by supplying 
written information and support material. The aim of VINNOVA 
was, and still is, to promote sustainable growth by financing 
and supporting network activities within a region. Among the 
demands to get financial means are that the applicants have to 
develop an innovative growth field; organise a development 

                                                
37 Weick (1982). 
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organisation, which means a triple helix formation (academia, 
business and state); and organise learning opportunities within 
the collaboration. In this way participating actors should not 
only contribute to general economic growth but also develop 
their own organisation, i.e. their firm or academic organisation, 
and turn the collaboration into a sustainable formation.  
The problem for organisations like VINNOVA is – or was at 

this time – the lack of knowledge in formulating well-grounded 
rules and advice. In a way, the situation for VINNOVA can be 
diagrammed according to Figure 1.  
 

Figure 1: VINNOVA – between theory and practice 
 
 

 
 
 
 
 
 
 
 
 
 
VINNOVA is, therefore, ‘trapped’ between epistemic communities 
and their discourse coalitions and development coalitions which 
are based on regional communities of practice. For such an actor 
it is important to show other actors a solution to problems or, 
at least, a way of realising the different actors’ interests. This is 
obvious when reading documents and from interviews of 
officials from the authority that express aims such as “to 
strengthen the innovation capability”, or “to counteract global-
ization”, or arguments like “only by collaborating with 
universities, firms and organisations from the public sector 
economic growth both for individual firms and for the society as 
a whole, can be achieved”. It is also obvious that VINNOVA by 
offering financial support is offering an obligatory passage point 
for entering the network. Only by accepting the existing ideas 
for the organisation and management of collaborations, and 
organising themselves accordingly, can actors participate and – 
in the end – achieve the desired gains. Even if future profit is 
doubtful, participating in such a collaboration formation can 
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reduce, at least temporarily, the degree of uncertainty. At the 
same time, by engaging regional universities and individual 
researchers with an interest in regional development issues, 
VINNOVA and NUTEK are trying to shorten the distance 
between the academic discourse and the local practical level. In 
this de- and re-codification process and the de- and re-
contextualisation process, these government organisations – 
but also organisations on the regional and local level – are 
learning and adapting their programmes. This is promoted by 
encouraging researchers to write minor reports about the 
practical problems in organising collaboration within a given 
region and discussing the reports with officials from the 
agencies, other researchers and business participants. This has 
resulted in the production of a variety of reports and a more 
formalised attempt to organise such discussion can be seen in 
the creation of the Dahmén Institute (www.dahmeninstitute.se).  
 
 
Other translations  

The traditional view of collaboration is one where actors are 
more or less voluntarily coming together. They have aims, goals 
or purposes and “…typically people argue that it is essential to 
have clear, common and/or agreed aims specified if a 
collaboration is to make any progress”.38 But as many 
observers have noted differences between organisations are 
more important when attempting to reach collective aims than 
similarities. Such differences can be divergent resources and 
competencies but they can also stem from different 
organisational purposes. On closer examination of their aims 
and purposes, however, it is possible to see that there are both 
differences with regards to level – individual, organisational and 
collaborative – and differences over time. Some aims are also 
explicit, others are hidden. This calls for strategies and tools to 
facilitate bringing up these aims and for merging them together 
in the collaboration process.39  
From the ANT perspective, actors also have different aims, 

which can also be hidden but the process of ‘merging’ these 
aims can be interpreted differently. Again from the ANT 
perspective, actors are trying to problematise or rather both 
define a problem and offer a solution. At least in the first phase 
of the development of the network, some actors (ML at 

                                                
38 Huxham and Vangen (2005) p. 82. 
39 Eriksson and Hofmaier (2007). 
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Halmstad University, JSH (Venture Capital and others) tried to 
show other participants from the business sphere, but also 
groups from the university, the solution that VINNOVA was 
offering.  
The first important step was to create an interessement of the 

actors which would lead to a reciprocal relationship and an 
atmosphere of trust, but also create gains in terms of financial 
profit, new knowledge, contacts with others in this field, or 
contacts within R&D organisations. This process was achieved 
not only by one actor – even if a person from Halmstad 
University was central in these efforts – every actor contributed 
to the creation of interessement through their specific interests 
and aims. Interviews have shown this very clearly.  
A problem arose when the first of two applications for 

financial support for the next five to ten years was not 
successful. The network was at this time very vulnerable. The 
different actors had great expectations and the participants 
were, therefore, really disappointed when the negative decision 
was announced. At the same time, all indications had been 
pointing to an overall positive reaction from VINNOVA. The 
network was exactly in line with the aims of VINNOVA except 
that the embryonic alternative – there was a grouping of the 
applications into several alternatives, among them a category of 
already developed innovation systems – was regarded by 
VINNOVA as not worth any more. One could, therefore, say the 
network didn’t get in return what they expected and deserved.  
This state of affairs was a moment of crisis. Would the 

network still hold together? It is obvious that the involvement 
work done also included forms of enrolment where some 
negotiations were important. The actors had to consider their 
investments and expectations and discussions of the roles of 
some actors also became necessary. The participants decided to 
continue their efforts by, among other things, creating more 
relations between firms and R&D groups and with other actors 
in the public sector. This was expected to open new possibilities 
for firms that develop health care products. 
A year later the second applications were sent to VINNOVA. 

Even now, the expectations were high, especially as everybody 
felt that the participants were doing very well and the efforts 
were in line with the VINNOVA programme. Again, the decision 
was negative which now caused real confusion and some real 
problems. The enrolment process had developed a ‘we-feeling’ 
among the participants which led to serious considerations 
from the participants in the network’s ability to continue their 
work. Who was to blame? Was it the fault of the individual 
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participant or actor, or was should blame be shared within the 
network? Is the organisation appropriate or should some 
changes be made? Or was the agency to blame? There were also 
a number of conspiracy theories.  
It is interesting to see that the network despite the turbulent 

discussions still exhibited some stability and, therefore, ending 
the collaboration was not seriously considered. Two years of 
intense communications – and some examples of jointly 
developed products – had resulted in a firm base and threats 
like negative financial decisions could not stop the network. At 
the same time, new actors entered the scene. One example of 
this is that organisations in the public sector had become much 
more interested in participating by this time. Even R&D groups 
were interested and were organising themselves for more 
efficient work together.  
Yet something new did happen. One of the actors from the 

public sphere, Region Halland, changed both its aims and its 
strategy. From the beginning the actor was generally interested 
in the formation of such a network but without any ambition to 
organise or to manage the network. Now in this crisis situation, 
the actor introduced a new organisational model where the role 
of this actor was much more emphasised than it had been in 
earlier stages. The actor also offered a more stable – or in other 
words rule-governed – way of organising the network activities. 
At the same time, due to the actors’ connections to central 
authorities, new minor financial means were offered.  
From the perspective of ANT, it is interesting to note this 

change in both aims and ways of creating interessement and 
enrolment. During the first two phases, with the relative 
unobtrusive role of Region Halland, the network was clearly 
organised according to the participants’ own definition of 
networking. As always, network development – and there are at 
least two processes, one with a more strategic character, which 
is organised according to dialogical principles; and another 
more task-oriented process, which is organised according to 
project-oriented principles – was controlled by the network. 
This also includes the responsibility of every actor. Now, the 
risk was that one actor would introduce and implement a rule- 
and routine governed scheme, which would take away the 
network actors’ responsibility, and use schemes for processes, 
which were not suitable for such network processes.  
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Conclusions 

Organising an innovation network according to the principles of 
the VINNVÄXT programme can be seen as an organisational 
innovation. Such innovations are not diffused in a linear way 
which for instance Rogers has indicated in his earlier editions. 
Instead, it is very obvious that such an organisational 
innovation is developed as part of a social process. Individual 
and collective actors come together; they have different aims 
and interests; they have different resources, languages and 
rules and yet they participate more or less voluntarily. 
Innovation networks are organisational entities ‘in the making’ 
and the intention of VINNOVA is to start many of such 
networks. It is also obvious that the creation and maintenance 
of such innovation networks is a process with different phases 
and with shifting internal constellations. The ANT perspective is 
one of the few approaches which meet the demands on a study 
of this type of system. Even if the example in this paper is 
limited to a specific episode and the description and analysis 
due to the existing data is rather sketchy, I hope I have been 
able to demonstrate the usefulness of the approach.    
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