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Figure 6

The innovation process in machinery and automation

Tampere’s mobile machines are at the intersection of three spheres: (1) mechanical

engineering, (2) information and communications technology, including automation, and

(3) the processes of the client industry. The innovation process in the leading machinery

companies in Tampere is characterized by upgrading of inherent machine features (like

design and materials() and, most importantly, by the ability to integrate knowledge and

technology from the three spheres.

Source: Authors’ conceptualization
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Figure 7

Technological transitions in mobile machines

Since around 1970, the capabilities of mobile machines been transformed by the

integration of several layers of technology: hydraulic power systems, electronics, control

systems, information technology, wireless technology, and internet capabilities. Today,

these technologies are enabling leading machinery and automation companies on

Tampere to become service providers and process integrators for their client industries.

Source: Author’s conceptualization
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NOTES

                                                  
1
 Kautonen, Mika. 2002. “Opening the Regional Innovation System from the Perspective of Technological

Trajectories”. Published in Spanish as  “Sistemas regionales de innovación desde la perspectiva de las trayectorias

tecnológicas” in Sistemas Regionales de Innovación. Publishing Service of the University of the Basque Country,

Leioa, Bilbao.

2
 Discerning the macro-micro connection is often a problem of research design and data availability. For a

discussion on the subject, see Diane Vaughan “Theory elaboration: the heuristics of case analysis” in What is a

case? Exploring the Foundations of Social Inquiry. C. Ragin and H. Becker, eds. (Cambridge University Press,

1992) A suitable context to observe this link is the context of practice. See J. Coulter  (2001). “Human practices and the

observability of the ‘macro-social’. In The Practice Turn in Contemporary Theory, Schatzki, Knorr-Cetina and Von Savigny

(eds.). (Routledge, 2001). In addition, institutions are best observed through their effects. See Immergut, E. M. (1998).

“The Theoretical Core of the New Institutionalism.” Politics & Society 26(1): 5-34.

3
 Several research traditions have pursued an intellectual agenda that has already generated a vast amount of studies,

usually historical and sociological, and sometimes political, emphasizing the role of history and context in the

shaping of technology. This tradition has long been pursued by historians of technology, particularly in what John

Staudenmaier calls the ‘contextualist’ approaches to the historical research of technology. See John Staudenmaier,

S.J., Technology’s Storytellers: Reweaving the Human Fabric (MIT Press, 1985), for an account of the various

research approaches in Technology and Culture, the journal of the Society for the History of Technology. Over the

past three decades, another more sociological line of research has been advanced. An early synthesis of this work

can be found in Wiebe E. Bijker, Thomas Hughes, and Trevor Pinch; The Social Construction of Technological

Systems, (MIT Press, 1987). More political perspectives can be found in Wiebe E Bijker and John Law, Shaping

Technology / Building Society, (MIT Press, 1992). This approach, which emphasizes that technology is open to

human intervention, contrasts with the ‘technological determinist’ approach, which posits technology as a

determinant of social processes, and evolving somehow outside of human control. For a substantive reflection on

this perspective, see Merritt Roe Smith and Leo Marx, Does Technology drive History?: The dilemma of

technological determinism (MIT Press, 1994).

4
 For discussions on these subjects see Ketith Pavitt,  “Knowledge about knowledge since Nelson & Winter: a mixed record”.

Electronic Working Paper Series #83. (Science Policy Research Unit, University of Sussex, UK, 2002) and Andrew Barry and

D. Slater. (2002). “Introduction: the technological economy”. Economy and Society. Vol. 31. no. 2. May 2002. pp. 175-193.

Two examples of innovation research inspired to some extent by this tradition include Van den Ende, J. and R. Kemp.

(1999). “Technological transformations in history: how the computer regime grew out of existing computing regimes”.

Research Policy. VoL. 28. PP. 833-851.], and Geels, F. W. (2002). “Technological transitions as evolutionary reconfiguration

processes: a multi-level perspective and a case-study”. Research Policy  31, pp 1257-1274. There is also an emerging body

of work bringing this perspective to the realm of policy. See Sørensen, K. H. and R. Williams  (eds.) (2002). Shaping

Technology, Guiding Policy: Concepts, Spaces and Tools. Edward Elgar. Cheltenham, Northampton.

5
 In this study we do not focus the other side of the equation; that is, how technology has affected the historical and

social processes unfolding in Tampere. We would like to suggest, however that the fact that the technology under

investigation is related to mechanical engineering and machinery, affect the social processes and forms of

interaction taking place in Tampere’s industry. This has been a central topic in historical and social studies of

technology. Also, over the last decade a structurational perspective on technology is bridging the positions of

whether “technology drives history” or history (and context) drive technology. From this view, technology at the

same time shapes and is shaped by social processes in a recursive way. This research has mainly taken place in the

realm of information technology. See Wanda Orlikowski, “The Duality of Technology: Rethinking the concept of

information technology in organizations” in Organization Science Vol. 3 No. 3, pp. 397-472. This research builds

upon Giddens’ theory of structuration. See Anthony Giddens, The Constitution of Society: Outline of the Theory of

Structuration. (University of California Press, 1984).

6
 The characteristics listed in this sentence come from a presentation made by Prof. Pablo Boczkowski (MIT Sloan

School of Management) about the contributions that science and technology studies can make to the management

of technological innovation.
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7
 Ministry of Education. KOTA Database.

8
 Source: Tampere Region Centre of Expertise

9
 High level refers to a degree from university or a polytechnic.

10
 All 3-digit industrial statistics are from the regional level (Maakunta) while most of the other statistics are from

the sub-region level, which more closely corresponds to the urban area of Tampere.

11
 Jutikkala, E. 1979. Tampereen historia III [History of Tampere III].Tampereen kaupunki.

12
 Source: Kostiainen, J. & Sotarauta, M. 2002.  Finnish City Reinvented: Tampere's Path from Industrial to

Knowledge Economy. MIT IPC Working Paper 02-007. Cambridge: USA.

13
 Source: Statistics Finland

14
 Source: City of Tampere 1999. Background statistics for the Economic Development Strategy of Tampere.

Unpublished.

15
 Tampere Region Centre of Expertise Programme 1999-2006; Tampere Region Centre of Expertise Programme

1999-2006 homepage: http://194.89.205.3/suom/oske/fi/osket/tampere.html

16
 This information is drawn from a chart prepared by the Tampere Region Centre of Expertise. It includes updated

information about company ownership, as discussed during an interview at the Centre.

17
 In some cases there is potential new customer base existing in third-world countries, but factors such as poor

infrastructure, technological gap, cheap labor and lower environmental standards impede the entry of high-tech,

high-productivity but high-cost machinery and systems.

18
 Kautonen, M. and Shienstock, G. (1998).  Regional Innovation System in Tampere Region, Finland. Final Report.

19
 Kostianen, Juha (2000). “

20
 Tampere Region Centre of Expertise Programme 1999-2006

21
 eTampere: eTampere suunnitelma [eTampere Plan] http://www.etampere.fi/kuvapankki/pics/89.pdf

22
 Ministry of Education 2001. KOTA-database. http://www.csc.fi/kota/kota.html

23
 Universities: Ministry of Education 2001. KOTA-database. http://www.csc.fi/kota/kota.html

24
 TAMK pähkinänkuoressa [TAMK in a Nutshell]

http://www.tpu.fi/tiedostot/301656__liite__TAMK%20pahkina%20elokuu2002.rtf

25
 Finland 2002. Oppilaitostilastot 2002 [Educational Institute Statistics].

26
  Op. Cit. 27, p. 35.

27
 Ministry of Education. KOTA Database; TUT External funding: TUT Internet Statistics 27.3.2003.

http://www.tut.fi/public/index.cfm?MainSel=6&Sel=213&Show=214&NoSel=1&Siteid=0.

28
 Tampere Technology Centre 2002. Daring dreams: Tampere technology centre Hermia 15 years. Tampere.

29
 The same kind of mechanism can be found in many regional development initiatives like eTampere

30
 Tampere Engineering City 2002.  http://www.tectampere.net/english/information/global_market_leaders/

31
 Source: Interviews and Company History in Timberjack’s web site.

http://www.timberjack.com/company/history.htm

32
 Timberjack has two R&D centers. Tampere concentrates on forwarders, wheel harvesters, harvester heads and

measuring systems. Woodstock, Ontario, Canada focuses on track feller-bunchers and harvesters, skidders,

forwarders and felling heads.

33
 Based on: “Wood” Encyclopaedia Britannica. Retrieved January 25, 2003, from Encyclopaedia Britannica Online.

http://www.search.eb.com/eb/article?eu=119326
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34

 Source: Finland’s vast forests – a short history of forest use . European Forest Institute. Forest Information

Services Network for Europe. Retrieved on Jan 31, 2003 from http://www.efi.fi/fine/Finland/history.html

35
 Source: Encyclopaedia Britannica, ibid.

36
 Source: “Training for the future” in Timberjack News 1/2002. Issue downloaded from Timberjack’s website at

http://www.timberjack.com/news/magazine/2002-issue1.htm

37
 Source: “Smarter machines!” in Timberjack News 1/2002.

38
 Source Timbermatic 300 brochure, downloaded from http://www.timberjack.com/products/measuring/300.htm

39
 Sources “Smarter machines!” in Timberjack news 1/2002.

40
 Source: “TimberOffice –a powerful decision-making tool for logging contractors” in Timberjack News 1/2002.

41
 Timberjack News 1/2002

4242
 Metso Corporation emerged from the merger of Valmet and Rauma in 1999. Sources: Metso Corporation

website (http://www.metso.com), Metso Corporation Annual Report 2001 and 2002, and the Tampere Region

Centre of Expertise.

43
 Sources: Interviews and Metso Automation History, in http://www.metsoautomation.com/

44
 In 2001 VTT Automation and VTT Manufacturing merged to form VTT Industrial Systems.

45
 Sources: Interview; Metso Automation website ( www.metsoautomation.com). “The Dynamic Network of

Applications is based on the free networking of knowledge and information, control automation and embedded

field control applications. metsoDNA is a network where diverse applications based on different hardware and

software solutions cooperate together allowing the plant to flexibly select automation and information applications

in response to its prevailing needs.” (ibid).

46
 In the particular case of Timberjack, forest machines are at the intersection of the three world-class industries of

Finland: forestry, mechanical engineering, and information technology. In these machines expertise from the three

industries converge.

47
 Francesco Lissoni, 2001, "Knowledge codification and the geography of innovation: the case of Brescia

mechanical cluster." Research Policy Vol. 30 No.9, 1479-1500.

48
 Interviews and Encyclopædia Britannica. “Hydraulic Power.”  Retrieved July 5, 2003, from Encyclopædia

Britannica Online.  http://www.search.eb.com/eb/article?eu=42652.

49
 As we bring in the idea of the interpretive dimension, we build upon several years of research on the organization

of product design at the MIT Industrial Performance Center. For an early synthesis of these ideas see Michael J.

Piore, Richard K. Lester, Fred m. Kofman and Kamal M. Malek, “The Organization of Product Development”,

Industrial and Corporate Change, Vol. 3. No. 2 (1994). For an extension to how these ideas apply to the

management process, see Richard K. Lester, Michael J. Piore and Kamal M. Malek, “Interpretive management:

what general managers can learn from design” in Harvard Business Review Vol. 76 No. 2 (1998) pp. 86-76. For

views on the behavior of the firm, see Richard K. Lester, “Companies that listen to their inner voices” in

Technology Review, May-June 1998. pp. 54-64. An extensive elaboration of  theoretical framework underlying the

interpretative perspective appears in the early chapters of Kamal M. Malek, Analytical and Interpretive Practices in

Design and New Product Development, Unpublished dissertation, MIT Department of Mechanical Engineering,

2001.

50
 The interpretive dimension contrasts with what these scholars (see 49) call the analytical dimension, which refers

to what is captured by dominant theories about product development, design and management. More generally, it is

am way of looking at the world that dominates discussions about innovation and economic activity and is founded

on a specific definition of rationality. This view would posit that the activities of the member in a project are

guided by clear, stable goals pursued by following a set of pre-determined steps in the most time and resource

efficient way. These goals and the way to pursue them are independent of time and place. Such perspective leaves
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little room for ambiguity or deviation from stated objectives. Actors within such project act in a rational way and

that they come into the project to apply knowledge that they know a priori and to process information that is solely

related to the project’s initially stated objective. The project manager leads the process by ensuring timely

completion and coordination of tasks that have been clearly divided among team members. From the analytical

perspective, the kind of integration that we see in the products emerging from Tampere would be a “natural”

process: it is about setting goals and projects that are pre-defined in a way that ensures such an outcome, putting

together the pieces of a puzzle, all of this facilitated by a good manager and a set of resources. The interpretive and

analytical dimensios are not mutually exclusive; rather, they describe a different of processes that coexist.

51
 These findings come from the analysis of the decline of the machine tools industry in the United States, prepared

by the working group on the machine tools industry of the MIT Commission on Industrial Productivity in the late

80s. See Artemis March, “The US Machine Tool industry and its Foreign Competitors” in The Working Papers of

the MIT Commission on Industrial Productivity, Volume 2, MIT Press, Cambridge and London, 1989. A synthesis

of this analysis appears in Made in America by Michael L. Dertouzos, Richard K. Lester, and Robert M. Solow

(MIT Press, 1989).

52
 Commission Working Group on the Textile Industry. “The US Textile Industry Challenges and Opportunities” in

The Working Papers of the MIT Commission on Industrial Productivity. Volume 2. MIT Press, Cambridge and

London. 1989. Quotation comes from page 9.

53
 See Peter A. Hall and David Soskice, Varieties of Capitalism (Oxford University Press, 2001), p. 8.

54
 See Otto Keck, “The National System for Technical Innovation in Germany” in National Innovation Systems: A

Comparative Analysis (Oxford University Press, 1993) pp. 115-157. On Social Systems of Production and a

description of the German system and its effect over engineering industries, see J. Rogers Hollingsworth,

“Continuities and Changes in Social Systems of Production: The cases of Japan, Germany, and the United States,

in Contemporary Capitalism: The Embeddedness of Institutions eds. J. Rogers Hollingsworth and Robert Boyer

(Cambridge University Press, 1997), pp. 265-310.

55
 David Soskice, 1997, “German technology policy, innovation and national institutional frameworks” in Industry

and Innovation, Vol. 4, pp. 75-96. As cited in Richard Whitley, 2002 “Developing innovative competences: the

role of institutional frameworks”. Industrial and Corporate Change, Vol. 11, No. 3, pp. 497-528. Se also Hall and

Soskice, 2001.

56
 Richard Whitley, 2002 “Developing innovative competences: the role of institutional frameworks”. Industrial and

Corporate Change, Vol. 11, No. 3, pp. 497-528.

57
 Richard R. Nelson and Nathan Rosenberg, “Technical Innovation and National Innovation Systems” in National

Innovation Systems: A Comparative Analysis (Oxford University Press, 1993) pp. 3-21.

58
 See Charles Edquist (ed.). Systems of Innovation: Technologies, Institutions and Organizations . Science,

technology and the international political economy series. (Pinter, 1997).

59
 Kostianen, Juha, and Markku Sotarauta (2002). Finnish City Reinvented: Tampere’s Path from Industrial to

Knowledge Economy. MIT IPC Local Innovation Systems Working Paper 02-002. Online at: http://ipc-

lis.mit.edu/working.html

60
 For a discussion on the integrative role of design and the relevance of engineering and industrial design for

innovation see Vivien Walsh, 1996, “Design, innovation, and the boundaries of the firm”. Research Policy  Vol 25,

pp. 509-529.Design is acquiring increasing importance for the mechanical engineering industries in Finland, as

reflected by the Design 2005 Technology Program organized by Tekes. The program brings together a variety of

universities and firms related to design and the Technology Industries of Finland. One of the objectives of this

program, according to our conversations, is to further integration of technology, human factors, and business

factors across industries. We also learned of interactions between the University of Art and Design in Helsinki, the

Helsinki University of Technology, and the Massina Technology Program (Mechanical Engineering) organized by

Tekes. This group is engaged in discussions about the future of machinery.

61
 See Hall and Soskice (2001), p. 11-12 for a discussion on the relevance of deliberative institutions.
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 We borrow this idea from a paper presented by Bruce Mazlish at a conference on The Future of the City of

Intellect, at the University of California – Riverside in February of 2000. Mazlish described neo-classical

economics as advocating “timeless, placeless truths”.
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The Local Innovation Systems Project

The Local Innovation Systems
Project, an international
research partnership based at
the Industrial Performance
Center (IPC) at MIT, is
addressing a central issue now
confronting industrial
practitioners and economic
policymakers throughout the
world: How can local
economic communities
survive and prosper in the
rapidly changing global
economy?

Our particular focus is on
the role of innovation – in
products, services, and
processes – in promoting
productivity growth and
competitive advantage at the
local and regional levels.
National and local
governments around the
world, as well as other
institutions with an interest in
economic development, are
greatly interested in creating
and sustaining local
environments that are
attractive for innovation.
Firms, too, recognize that
their innovation performance
is affected by their location.

The policy debate has been
dominated by a few
outstandingly successful
centers of technological
entrepreneurship, notably
including Silicon Valley and
the Boston area in the United
States, and the Cambridge
region in the U.K. But most
locales do not have clusters of

high-technology ventures of
such scale, nor are they home
to research and educational
institutions with world-class
strengths across a broad range
of disciplines. Many, on the
other hand, do have
distinctive industrial
capabilities and vibrant higher
educational institutions, and
some of these locales have
been quite successful in
harnessing new technology to
revitalize their economies or
even to reinvent themselves as
centers of innovation and
competitive advantage.

The Local Innovation
Systems Project is
investigating cases of actual
and attempted industrial
transformation in more than
20 locales in the United
States, Europe, and Asia. Our
research is aimed at
developing new insights into
how regional capabilities can
spur innovation and economic
growth. We seek ultimately to
develop new models of
innovation-led industrial
development.

We are currently completing
the initial year of a projected
multi-year study. In the first
phase of research, we are
investigating the roles of
universities and other public
research institutions as
creators, receptors, and
interpreters of innovation and
ideas; as sources of human
capital; and as key

components of social
infrastructure and social
capital. Later phases of our
research will explore the
process of enterprise growth
and the ability of different
locations to attract and retain
innovating firms. We are also
investigating different
approaches to individual and
institutional leadership in
locally-based systems of
innovation.

The founding research
partners of the Local
Innovation Systems Project
consist of an interdisciplinary
team of faculty, graduate
students and research staff at
the MIT Industrial
Performance Center, together
with their counterparts at the
University of Tampere and
the Helsinki University of
Technology in Finland, the
University of Cambridge in
England, and the University
of Tokyo, Japan.

Current research sites
include several locations in
the United States (Boston,
MA; Rochester, NY; Akron,
OH; Allentown, PA;
Youngstown, OH;
New Haven, CT; Charlotte,
NC; and the Greenville-
Spartanburg area of SC),
Finland (Helsinki, Turku,
Oulu, Tampere, Seinajöki,
Pori), Japan (Hamamatsu,
Kyoto), and the United
Kingdom. Additional research
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is being carried out in Ireland,
India, Taiwan and Israel.

At each location, teams of
researchers from the partner
institutions are studying
innovation trajectories and
developing comparative case
studies of growth and
transformation in several
industries, mature as well as
new, including polymers,
ceramics, optoelectronics,
industrial machinery and
automation,
auto/motorsports, medical
equipment, biotechnology,
and wireless communications.

The outreach activities of
the Local Innovation Systems
Project will include the
preparation of discussion
papers and books, executive
briefings and informal
workshops, international
conferences, and executive
education and training
programs for policymakers,
research managers, and
industry executives.

Current sponsors of the
Local Innovation Systems
Project include, in the United
States, the Alfred P. Sloan
Foundation and the National

Science Foundation, Tekes
(the National Technology
Agency of Finland), the
Cambridge-MIT Institute, and
the University of Tokyo.

For further information,
please contact the Project
Director, Professor Richard
Lester (617-253-7522,
rklester@mit.edu).




