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TIIVISTELMÄ 
 
 
Tässä tutkimuksessa analysoidaan teknisten tuoteinnovaatioiden kehitystyötä 
neljästä näkökulmasta. Ensiksi, tässä tutkimuksessa pohditaan yksittäisen tuo-
teinnovaation synnyn ja varhaisvaiheen luonnetta. Toiseksi, tässä tutkimuk-
sessa kysytään, miksi ja miten teknistä innovaatiotoimintaa käynnistetään 
vakiintuneiden teollisuusalojen teknologisten yhteisöjen ja osaamisalojen 
ulkopuolella. Toisin sanoen tarkastelussa on innovaatiotoiminnan käynnisty-
minen ilman osaamista, joka vakiintuneilla organisaatioilla, kuten teknolo-
giayrityksillä, ammattilaisorganisaatioilla ja tutkimuslaitoksilla, on tietyllä 
teknologia-alalla. Kolmanneksi, tutkimuksessa käsitellään organisaatioiden 
välisten oppimisprosessien merkitystä innovaatiotoiminnalle. Tätä näkökulmaa 
täydennetään tarkastelemalla neljänneksi, miten yhteistyöverkot ja siinä 
tapahtuvan oppimisen luonne muuttuvat, kun sopimuksin määritelty tuoteke-
hitystyö ja innovaation kaupallistaminen käynnistyvät. Näitä kysymyksiä 
tarkastellaan seuraavien kolmen tuoteinnovaation empiirisen tutkimuksen 
pohjalta: Benecol margariini, pohjoismainen matkapuhelinjärjestelmä NMT ja 
ProWellness diabeteshoitotietojärjestelmä. 

Tutkimuksessa hyödynnetään kulttuuri-historiallisen toiminnan teorian 
toiminnan kehittymistä ja oppimista koskevia näkemyksiä. Toiminnan teorian 
käsitteillä arvioidaan kriittisesti ja kehitetään edelleen organisaatiotutkija 
Walter Powellin tutkimusryhmän esittämää oppimisen verkon käsitettä. Oppi-
misen verkko viittaa organisaatioiden väliseen yhteistyöhön, jossa resursseja, 
ideoita ja tietoa vaihdetaan ja yhdistetään turvautumatta markkinaperusteisiin 
tai hierarkkisiin yhteistyömuotoihin. Toimintajärjestelmän käsitettä käytetään 
määriteltäessä, mistä yksiköistä oppimisen verkko muodostuu. Innovaatiotoi-
minnan verkostoyhteistyötä ja oppimista analysoidaan suhteessa yhdessä ke-
hitettävään kohteeseen.  

Tutkimuksen mukaan pitkäkestoiset toiminnan dilemmat ja jännitteet se-
littävät osallistujien motiivia ryhtyä toteuttamaan uuteen tuoteideaan johtavia 
tekoja innovaatiotoiminnan varhaisvaiheessa. Nämä teot merkitsivät kehitys-
työn aloittamista tavanomaisten osaamisalojen ulkopuolella ja eri osaamisalu-
eita ylittävää yhteistyötä ja oppimista ilman markkina-perusteisia tai hierarkki-
sia yhteistyömuotoja. Tällaisille oppimisen verkoille on ominaista hauraus ja 
väliaikaisuus. Tässä tutkimuksessa esitetään, että osaamisrajoja ylittävien 
oppimisen verkkojen merkitys tulee yhä keskeisemmäksi innovaatiotoimin-
nalle. 
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ABSTRACT 
 
 
This study addresses four issues concerning technological product innovations. 
First, the nature of the very early phases or “embryonic stages” of technological 
innovation is addressed. Second, this study analyzes why and by what means 
people initiate innovation processes outside the technological community and 
the field of expertise of the established industry. In other words, this study 
addresses the initiation of innovation that occurs without the expertise of 
established organizations, such as technology firms, professional societies and 
research institutes operating in the technological field under consideration. 
Third, the significance of interorganizational learning processes for technologi-
cal innovation is dealt with. Fourth, this consideration is supplemented by 
considering how network collaboration and learning change when formalized 
product development work and the commercialization of innovation advance. 
These issues are addressed through the empirical analysis of the following three 
product innovations: Benecol margarine, the Nordic Mobile Telephone system 
(NMT) and the ProWellness Diabetes Management System (PDMS). 

This study utilizes the theoretical insights of cultural-historical activity 
theory on the development of human activities and learning. Activity-theoreti-
cal conceptualizations are used in the critical assessment and advancement of 
the concept of networks of learning. This concept was originally proposed by 
the research group of organizational scientist Walter Powell. A network of 
learning refers to the interorganizational collaboration that pools resources, 
ideas and know-how without market-based or hierarchical relations. The 
concept of an activity system is used in defining the nodes of the networks of 
learning. Network collaboration and learning are analyzed with regard to the 
shared object of development work. 

According to this study, enduring dilemmas and tensions in activity ex-
plain the participants’ motives for carrying out actions that lead to novel 
product concepts in the early phases of technological innovation. These actions 
comprise the initiation of development work outside the relevant fields of 
expertise and collaboration and learning across fields of expertise in the absence 
of market-based or hierarchical relations. These networks of learning are fragile 
and impermanent. This study suggests that the significance of networks of 
learning across fields of expertise becomes more and more crucial for 
innovation activities. 
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1   INTRODUCTION 
 
 
This study aims to improve the understanding of the dynamics of network 
collaboration in technological innovation. Technological innovation is the 
successful implementation of a technical idea that is novel for the developers 
and users of the innovation (cf. Branscomb 2001, 15498). In this study, the 
technological innovations in question are product innovations intended for the 
consumer or professional markets.3 This work focuses on network collaboration 
from the point of view of learning and development efforts that are performed 
during the course of innovation. Interorganizational relations in the early 
phases of innovation are addressed in particular. The theoretical framework of 
this study is guided by the insights of the sociology and history of technology 
and cultural-historical activity theory. The sociology and history of technology 
proposes that social science research should not only study the impacts of 
technology on society and work, but it should also focus on the very content of 
the technology and the process of innovation (Williams & Edge 1996, 866). 
Applications of activity theory have demonstrated that the development and 
introduction of new technologies can be studied from the point of view of 
learning processes and organizational change occurring within participating 
activities (Engeström & Escalante 1996; Nardi 1996; Miettinen 1999). 

Technological innovations have far-reaching significance for the activities 
of governments and firms, as well as for everyday life. Governments allocate 
substantial amounts of public expenditure on research and development (R&D) 
activities partly because technological innovations are seen as key factors of 
long-term economic growth and job creation (OECD 2004; Pianta 2005). Firms 
are interested in technological innovations since the introduction of an innova-
tion may increase demand and mark-ups, offering a sought-after opportunity to 
gain a competitive advantage (OECD & Eurostat 2005, 29; Lundvall & Vinding 
2004). Finally, people at home and at work come face to face with technological 
innovations. The practices of everyday life slowly shape and become shaped by 

                                                 
3 Product innovations differ from process innovations that are intended for in-house use. The 
Oslo Manual, which is widely used as a guideline for innovation studies, defines product 
innovation as follows: “A product innovation is the introduction of a good or service that is new 
or significantly improved with respect to its characteristics or intended uses. This includes 
significant improvements in technical specifications, components and materials, incorporated 
software, user friendliness or other functional characteristics” (OECD & Eurostat 2005, 42). 
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product innovations, such as personal computers and mobile telephones, that 
entail profound social implications. 

In recent decades, technological innovation has been addressed by various 
disciplines, such as economics, management studies and the sociology of 
technology. In a broad sense, social science research on innovation could be 
labeled innovation studies. This research field is significantly expanding as a 
growing number of research institutions, journals and textbooks are dedicated 
to studying the role of innovation in economic and social change. After decades 
of research efforts, however, innovation studies lack coherence even in basic 
concepts and resemble a mosaic of approaches more than a traditional research 
field (cf. Fagerberg 2005).  

The lack of coherence in innovation studies is understandable if it is set 
against the complex and ever-changing nature of innovation activities in the 
modern economy. In this sense, the research subject is a runaway target, and 
innovation research is always far behind. Nevertheless, other interpretations are 
also possible. That is, social science research on innovation obeys disciplinary 
boundaries and avoids engaging in cross-disciplinary discussion. Innovations 
are studied without paying attention to innovation research taking place in 
other disciplines.  

Even though the need for cross-disciplinary dialogue is recognized in in-
novation studies (Fagerberg 2005, 21), the emergence of a real dialogue across 
disciplinary boundaries has yet to be seen.4 The study at hand discusses the 
questions of how and on what basis scholars from the fields of economics, 
organizational and management studies, as well as from the history and 
sociology of technology, have approached similar topics of network collabora-
tion in technological innovation. Primarily, these questions aim at positioning 
this study in relation to the relevant research literature and are only preliminary 
steps in the exploration of the conditions of a cross-disciplinary dialogue.  

Besides the lack of a cross-disciplinary dialogue, innovation studies are 
hampered by the asynchronous development of theoretical elaborations and 
empirical observations. The concept of learning has attracted a great deal of 
theoretical attention, while the empirical research on the subject has been 
lagging behind in innovation studies. This study aims at providing empirical 
findings on the interactions and learning efforts that occur in collaborative net-

                                                 
4 Following the line of argument of philosopher Hans-Georg Gadamer (1993), a dialogue would 
require that the real strengths of different disciplines are raised, and disciplinary prejudgments, 
including one’s own preconceptions, are recognized and elaborated on (Gadamer 1993, 367). 
Finally, reaching an understanding in a dialogue would require that participants do not retain 
fixed positions by asserting their own point of view, but are willing to change one’s own stand-
point along with the dialogue (Gadamer 1993, 379). 
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works of technological innovation. Theoretical discussion and development are 
carried out from the point of view of the findings.  

 With the purpose of improving the understanding of the development and 
conditions of network collaboration in technological innovation, I will address 
four research issues. First, I will consider the nature of the very early phases or 
“embryonic stages” of technological innovation. This study traced the origins of 
the development work, learning and collaborative acts in technological innova-
tion. It is commonly acknowledged that initiating and carrying out innovation 
is an inherently uncertain and unpredictable endeavor since the assimilation 
and generation of new ideas and solutions, let alone the prediction of their 
success, are exceptionally difficult tasks (Pavitt 2005, 88; Van de Ven et al. 1999, 
170–172). I will show that innovation literature offers, nevertheless, a few 
insights on the questions of what enables and what motivates the initiators in 
the early phases of innovation in spite of the burden of fundamental uncer-
tainty.  

Second, I will discuss why and by what means people initiate innovation 
processes outside the technological community and the field of expertise of the 
established industry. In other words, this study addresses the initiation of 
innovation that occurs without the expertise of established organizations, such 
as technology firms, professional societies and research institutes operating in 
the technological field under consideration. I will elaborate and summarize the 
empirical findings on this issue by utilizing the insights of cultural-historical 
activity theory on development and change in human activities (Engeström et 
al. 1999).  

The third research issue is the significance of interorganizational learning 
processes in technological innovation. By utilizing the concepts of the networks 
of learning coined in organizational studies (Powell et al. 1996) and the object-
oriented activity suggested by activity-theoretical studies (Engeström 2001), this 
study advocates that interorganizational learning should be addressed as a 
result of the interplay between the collaborative network and its shared object 
of development work. The innovations analyzed in this study were initiated by 
outsiders who did not enjoy the internal capabilities that could have facilitated 
learning. Therefore, learning in collaborative networks proved to be both a 
necessity and a challenge, which will be demonstrated in the summary of the 
empirical findings on the learning processes. 

Fourth, the research issue of learning is supplemented by the consideration 
of how network collaboration and learning change when formalized product 
development work and the commercialization of innovation advance. My 
intention is to point out the fragility and impermanence of the interorganiza-
tional learning processes. Learning may coexist or be replaced by other modes 
of collaboration, such as coordinating and subcontracting. With the purpose of 
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illuminating the changes in learning processes, I will summarize the empirical 
findings on the alterations in the relationships between the original partners 
and on the involvement of new actors in development work.  

The study is based on the qualitative, longitudinal studies on three tech-
nological innovations that are analyzed in four articles:  

1) Benecol margarine (a functional food product) (Article I & II),  
2) the Nordic Mobile Telephone (NMT) system (Article III), and  
3) the ProWellness Diabetes Management (PDMS) information system 

(Article IV). 

The development and commercialization of the innovations took place in 
Finland and the US in the case of Benecol, in the Nordic countries in the case of 
the NMT, and in Finland in the case of the PDMS. The time span of the analysis 
varies, starting from the 1960s and ending in the 2000s. Chapters 2 and 3 
elaborate on the findings of the study from the point of view of the four re-
search issues referred to above. In the conclusion, the arguments of the study 
are recapitulated and a few notes on future research and policy development 
are put forward. This is followed by an overview of the original articles and 
notes on the research design, data and validity in chapter 5.  
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2 THE EARLY PHASES OF INNOVATION AND  
THE CONTRIBUTIONS OF OUTSIDERS 
 
 

The empirical analysis of this study focuses on the early phases or “embryonic 
stages” of product innovation. I am interested in the question of who made the 
first move towards innovation, for what purpose and by what means. In the 
first move, some kind of preform or a germ of an idea for innovation is gener-
ated. It might be, for example, the recognition of a user problem, a growing 
awareness of new technical opportunities or a search for new applications. 
These actions usually take place in unofficial collaboration preceding the 
establishment of product development projects (cf. Ford et al. 2003, 164–165; 
Van de Ven 1999, 25–27; Freeman 1991, 500). Innovation studies have produced 
multiple interpretations of the characteristics of the early phases of innovation. I 
will limit my review to three influential management studies and to three 
approaches of the history and sociology of technology. The review will focus on 
the following questions: 

1) What is the organizational locus of the early phases of innovation: a 
firm, a network of firms or another organizational form?  

2) What are the organizational positions or duties of the initiators? 
3) What are the motives or incentives that drive the initiators? 
4) What are the key actions that they take to initiate innovation? 

In innovation studies, a research interest on the early phases of single 
innovations is somewhat against orthodox views. The systems approach 
developed by evolutionary economists does not consider the early phases of 
innovation processes as being of importance, a priori.5 Most innovative ideas 
never develop into inventions, and most inventions do not develop into 
innovations of commercial significance (Kline & Rosenberg 1986, 276). What 
happens after the early phases of development work is more important, when 

                                                 
5 The rise of evolutionary economics (also called Neo-Schumpeterian economics) as a prominent 
approach of innovation studies is closely related to policy development. During the 1970s and 
1980s, a closely working group of researchers at international organizations and research 
institutions developed a new innovation research paradigm by elaborating on and furthering 
the legacy of Austrian economist Joseph Schumpeter (e.g. Nelson & Winter 1982; Rosenberg 
1982). As a consequence, an increasing number of the policy and research documents of the 
OECD and the EU were influenced by the conceptual and theoretical advancement of evolu-
tionary economics in the 1980s and 1990s (Mytelka & Smith 2002).  
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innovative ideas and inventions go through drastic changes and interrelate with 
other innovations. The argument is that the early versions of new technology 
are usually crude and unreliable, and only gain economic importance in the 
long run, as was the case with automobiles, airplanes and telephones (Kline & 
Rosenberg 1986, 283–284; Fagerberg 2005, 5–6). Since the early versions of 
innovations are not economic entities, they are not relevant from the point of 
view of the systems approach, which is inherently an economic approach. As a 
consequence, the early phases of single innovations are not on the central 
research agenda of the systems approach.  

An important exception is the work of Bengt-Åke Lundvall in the 1980s 
(Lundvall 1985; 1988). By studying product innovations in different industries 
in Denmark, he put forward the concept of user-producer interaction. This 
means that users and producers of complex product innovations are mutually 
interdependent, and their interaction is the key phenomenon concerning the 
initiation of product innovations. The producers monitor the competence and 
learning potential of the users in order to estimate their capability to adopt new 
products, whereas the users gain information about how the use-value charac-
teristics of new products relate to their specific needs (Lundvall 1985, 13–14; 
1988, 352). According to Lundvall, market mechanisms are insufficient for ex-
plaining user-producer relationships, and a competitive environment or “pure 
market” may even hamper the emergence of product innovations. Instead, 
cooperation, mutual trust and information flowing between producers and 
users explain the initiation of product innovations (Lundvall 1985, 16–17).6  

In this study, the empirical analysis of early phases of technological inno-
vations showed that they were initiated by people outside or at the periphery of 
the technological community and the field of expertise of the established 
industry. In other words, they did not possess the pertinent technological 
knowledge that could have facilitated the development efforts. For example, the 
initiators of Benecol, which is an innovation in the food industry, worked in the 
pulp and paper industry. Historian of technology Edward Constant (1987, 224) 
suggests that “technological knowledge is expressed in well-winnowed tradi-
tions of practice that are the possession of well-defined communities of techno-
logical practitioners.” He introduces examples of technological communities of 
this kind in aviation, while others have detected such communities in medical 
technology (Constant 1984; Rusinko & Sesok-Pizzini 2003; Van de Ven 1993).  

A technological community is not an unambiguous concept since firms 
and people may operate in multiple industries. Technological communities and 
                                                 
6 Later on, Lundvall introduced the concepts of a learning economy and a globalizing learning 
economy that underscore the ubiquitous nature of innovation since innovation is related to 
numerous learning processes taking place on regional, national and global scales (Lundvall & 
Johnson 1994; Lundvall & Archibugi 2001). 
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their knowledge bases are also subject to rapid changes. For instance, the 
knowledge base of the pharmaceutical industry was thoroughly transformed 
with the rise of new biotechnology (Powell et al. 1996). In this study, the 
relevant field of expertise refers to the knowledge base that is possessed by the 
established organizations, such as technology firms, professional societies or 
research institutes operating in the industrial field under consideration at the 
time.  

Innovation studies have generally regarded geographical and organiza-
tional proximity as a key facilitator of innovation, and the concepts of industrial 
clusters (Furman et al. 2002) and regional innovation systems (Asheim & Gertler 
2005) have been introduced as viable means of analyzing the effects of prox-
imity. Nonetheless, the question of why outsiders initiate innovative activities is 
not without importance in innovation studies. The historians of technology 
suggest that most radically new technologies were developed outside estab-
lished industries and technological communities during the 19th and 20th 
centuries (Constant 1980; 1984; Hughes 1992; Utterback 1994; 2004). The 
manufacturers of steam locomotives did not develop diesel engines, and the 
manufacturers of piston aircraft engines did not initiate the turbojet revolution 
(Constant 1984, 30).  

Occasionally, some industries have witnessed a series of contributions 
from outsiders. IBM, which originally produced record-accounting and tabu-
lating machines, invaded the typewriter market by introducing electric type-
writers after the Second World War. When personal computers (PC) became 
common, IBM had to give way to a group of new software companies. Electric 
typewriters were replaced by word processor software products designed for 
PCs (Utterback 1994, 160–161). Recently, established software firms have been 
challenged by the contributions of free and open source software projects (e.g. 
von Hippel 2005, 93–119). For example, the Linux operating system has chal-
lenged the monopoly position of Microsoft operating systems. In 1991, a 
Finnish student, Linus Torvalds, made the initial source code of Linux public in 
an internet newsgroup. This achievement was a result of his private hobby of 
programming, with no connection to the software industry (e.g. Tuomi 2002, 
163–164).  

In the following, a literature review of the early phases of technological in-
novation is followed by the presentation of the research results. I will analyze 
the early phases of innovation and the contributions of outsiders by drawing 
theoretical and conceptual resources from cultural-historical activity theory 
(Engeström et al. 1999). I suggest that activity theory can give a viable explana-
tion for why actions leading to innovation are started and upheld outside 
established technological communities in spite of the substantial difficulties, 
limitations and uncertainty involved in the endeavor.  
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2.1 Management literature: a competitive advantage through the 
initiation of innovation activities 

 
Management literature has approached innovation activities from the point of 
view of competitiveness by focusing on firm-level interactions. Since firms can 
gain a significant competitive advantage through the initiation and introduction 
of technological innovations, the organization and management of innovation is 
a legitimate research agenda for management scholars (cf. Nonaka & Takeuchi 
1995, 6). Innovations have become such an important research agenda for man-
agement scholars that the research field of innovation management emerged 
during the 1990s with dedicated journals (e.g. European Journal of Innovation 
Management) and textbooks (e.g. Afuah 1998). In the following, I have confined 
my review to the three influential management studies that are based on long-
term research on innovation and that present specific conclusions with regard 
to the early phases of innovation. 

The Sources of Innovation (1988) by Eric von Hippel is a well-known and in-
fluential management study of user-driven innovation processes. Von Hippel 
proposes that product manufacturers are traditionally identified as developers 
of product innovations (von Hippel 1988, 3). Disagreeing with this assumption, 
von Hippel shows through detailed case studies that users have been the source 
of innovation in many industrial branches in the US, such as in scientific 
instruments and in semiconductor circuit board processes. In those branches, 
users may even have carried out the entire work of development so that 
manufacturers have only had the role of commercializing and diffusing the 
innovations (von Hippel 1988, 25).  

According to von Hippel, a certain group of users called “lead users” may 
determine the need and development of new technologies in the case of rapidly 
changing high technologies. Lead users are sophisticated users who encounter 
needs early that will be prevalent in the marketplace in the future. Moreover, 
lead users are in a position to expect high rents from a solution to a need in 
question (von Hippel 1988, 107).7 By identifying an important market or 
technological trend and the lead users in relation to that trend, it is possible to 
set new innovation processes in motion. This takes place when lead users 
participate in new concept development jointly with manufacturers (Herstatt & 
von Hippel 1992). The lead users may also be found in “advanced analog 
fields” outside the target markets. For instance, the aircraft industry was an 
                                                 
7 Actually, the lead user category is closely related to the diffusion theory of innovation (cf. 
Rogers 1995). As von Hippel (2005, 22–23) states: “If people are distributed with respect to such 
trends as diffusion theory indicates, then people at the leading edges of important trends will be 
experiencing needs today (or this year) that the bulk of the market will experience tomorrow (or 
next year).”  
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advanced analog market for the automobile industry, when the antilock 
braking system (ABS) was transferred from the former to the latter (von Hippel 
2005, 133–146). 

Later on, however, von Hippel and his research fellows showed that the 
knowledge required for innovation is not always easily transferable (von 
Hippel 1994; 2005, 67). When users solve technical problems related to a new 
technology, the information created during that process might be “sticky.” 
According to von Hippel, sticky information refers to the incremental expendi-
ture required to transfer the information in question to a given information 
seeker in a usable form. The nature and amount of the information, as well as 
the attributes of the seekers and providers of the information, have an impact 
on stickiness. For instance, skill-related “tacit” information that is not encoded 
in explicit terms is difficult to transfer. Information may also require special 
capabilities of the information seeker in order to become useful (von Hippel 
1994; 2005, 66–70; von Hippel & Tyre 1995). 

In management literature, Ikujiro Nonaka and Hirotaka Takeuchi’s The 
Knowledge-Creating Company (1995) is a dedicated study of tacit knowledge and 
its interaction with explicit knowledge in the creation of new technology. 
Nonaka and Takeuhci argue that tacit knowledge, such as insights and intui-
tions, is not easily visible or expressible as it is highly personal and deeply 
rooted in an individual’s actions and experience.8 On the basis of the experi-
ences of Japanese product development processes, interaction between tacit 
knowledge and explicit knowledge provides an explanation for the creation of 
new knowledge necessary for innovating and gaining a competitive advantage 
(Nonaka & Takeuchi 1995, 70).  

According to Nonaka and Takeuchi, four modes of knowledge conversion 
can be identified: from tacit to tacit (called socialization), from tacit to explicit 
(externalization), from explicit to explicit (combination), and from explicit to 
tacit (internalization). A well-known example of sharing tacit knowledge is the 
case of the Matsushita Electric Industrial Company’s home bread-making 
machine. In order to learn how to mechanize the dough-kneading process, the 
developer team followed a master baker in his work as apprentices. By obser-
vation, imitation and practice, the team discovered how the master baker 
kneaded the dough, and his tacit knowledge was shared with the developers. 
This knowledge gave birth to the successful home bread-making machine 
(Nonaka & Takeuchi 1995, 95–123).  

                                                 
8 Originally, the distinction between tacit and explicit (focal) knowledge was made by Hungar-
ian philosopher Michael Polanyi. According to Polanyi, tacit and explicit knowledge are 
complementary: tacit knowledge functions as background knowledge and assists in 
accomplishing the task in focus. Tacit knowledge, such as skills, may turn to explicit knowledge 
when it is focused or articulated (Polanyi 1962, 601). 



 

 18

Nonaka and Takeuchi see organizational knowledge creation as the source 
of continuous innovation processes within Japanese industry. According to 
their model, organizational knowledge creation in manufacturing firms starts 
with sharing tacit knowledge, creating concepts, justifying the economic and 
technical feasibility of the concepts, and building a prototype. This is followed 
by cross-leveling knowledge. For instance, cross-leveling took place in Matsu-
shita when the new home bread-making machine stimulated the creation of 
other similar products, such as a fully automatic coffee maker, within the 
company. Through these five phases, knowledge expands from the individual 
to the group and organizational level and constantly converts from tacit to 
explicit and vice versa. Nonaka and Takeuchi identify the middle managers who 
put company objectives into action as central players in all the phases (Nonaka 
& Takeuchi 1995, 83–90, 240–241).9  

In comparison with von Hippel and Nonaka and Takeuchi, the findings of 
the Minnesota Innovation Research Program (MIRP) provide a partly divergent 
view on the early phases of innovation. The synthesis of their findings pre-
sented in The Innovation Journey (Van de Ven et al. 1999) is based on the longitu-
dinal studies of fourteen innovation processes in complex organizations within 
the technological fields of hearing health and therapeutic apheresis, for in-
stance. While Nonaka and Takeuchi emphasize the primacy of intentional 
efforts of creating knowledge within the companies, the results of the MIRP 
underline the significance of unintentional incidents and intersections of 
independent courses. These provided necessary occasions for interactions that 
set innovation processes in motion. For instance, a change of workplace or a 
coincidental meeting may put individuals together who have complementary 
competencies and share a common interest, which can facilitate the initiation of 
innovation. The researchers of the MIRP call this early phase a gestation period, 
where parallel and coincidental events occur during a period of several years. 
The gestation period has a cumulative character as competencies and resources 
become available and certain entrepreneurs (standing for project managers or 
the so-called product champions of manufacturer firms) gain a focal point in 
organizing the subsequent innovation activities (Van de Ven et al. 1999, 25–28). 

Concrete actions towards innovation are triggered by “shocks” either from 
internal or external sources. These shocks may be project failures, budget crises 

                                                 
9 Nonaka and his research fellows introduce the concept of a continuous self-transcending 
process (SECI) for describing this organizational knowledge creation. Drawing on the Japanese 
philosophical tradition, Nonaka and his research fellows also introduce the concept of Ba 
(“place”), which is a complementary concept for the SECI model. Ba is a platform for knowl-
edge creation. It can be a physical, virtual or mental place where the knowledge of individuals 
is shared, recreated and amplified through interaction (Nonaka et al. 2001; cf. Tuomi 2002: 117–
121). 



 

 19

or new leadership. According to the researchers of the MIRP, these shocks 
stimulated people to pay attention to and initiate novel actions. Also, they gave 
currency to entrepreneurs holding an innovative idea with the stakeholders of 
the organization, such as the top management. Usually, the entrepreneur with 
an innovative idea did not control the resources necessary for the accomplish-
ment of an innovation. The stakeholders controlling the resources had to be 
convinced, and this was usually possible only when a shock, such as a project 
failure, forced the stakeholders to rely on the entrepreneur. The initiation phase 
ended and the developmental phase of the innovation began when plans and 
budgets were developed and sent to corresponding stakeholders. In most cases, 
these plans played more the role of “sales vehicles” rather than realistic sce-
narios of innovation development (Van de Ven et al. 1999, 23–30). 
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Table 2.1 Three accounts of the characteristics of the early phases of technological 
innovation in management literature  

 

Models 

 

Organizational 
locus 

Organizational 
positions of 
initiators ___ 

Motive and 
incentive 

Key actions 

Lead users 
von Hippel 
(1988) 

• User firms 
(users of a 
particular 
technology) 

• Lead users 
(professional 
experts) 

• Lead users 
encounter 
needs early 
that will be 
prevalent in 
the market-
place in the 
future 

• Identifying 
lead users 
and inviting 
them to 
participate 
in new 
concept 
development 

Knowledge 
creation 
and 
conversion 
Nonaka & 
Takeuchi 
(1995) 

• Manufacturing 
firms 

• Middle 
managers 

• Company 
objectives 

• Knowledge 
creation 
process led 
by middle 
management

 

MIRP 
model 
(Minnesota 
Innovation 
Research 
Program) 
Van de Ven 
et al. (1999) 

• Manufacturing 
firms 

• Entrepreneurs 
(project 
managers) 

• Shocks, such 
as a budget 
crisis, stimu-
late and give 
currency to 
novel actions 
after a cumu-
lative gesta-
tion period  

• Project 
managers 
persuading 
stakeholders 
by produc-
ing con-
vincing 
plans and 
scenarios  

 
 

The three management works reviewed above focus on the early phases of 
technological innovation and the search for solutions to the questions of where 
the initiation of innovation takes place, by whom, for what purpose and by 
what means (Table 2.1). This search is motivated by the underlying assumption 
that the introduction of technological innovation results in competitiveness, and 
therefore studying innovation processes and their management early on is a 
legitimate research agenda for management scholars. The lead user model 
advocated by von Hippel puts user firms on a pedestal and is evidently differ-
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ent from the other two models that examine product innovation in manufac-
turing firms. A more fundamental difference lies, however, in the way models 
are disposed towards the management of initiation. According to von Hippel, 
lead users can be identified and gathered together for concept development 
workshops, while Nonaka and Takeuchi emphasize that middle managers can 
deliberately start knowledge conversion projects following company objectives. 
The MIRP model, however, implies a more ambiguous stance towards the 
management of initiation. Shocks or crises stimulate innovation activities after a 
cumulative gestation period comprised of parallel and coincidental events 
occurring over a period of several years.  

The models of the MIRP and Nonaka and Takeuchi do not address the 
contributions of outsiders since they trace innovation activities in established 
manufacturing firms. According to von Hippel, lead users may be distant from 
manufacturing firms in geographical or organizational terms (they are not 
necessarily clients of manufacturers). Lead users are sophisticated users who 
possess enough technical expertise and resources to develop products by 
themselves to serve their own needs. In terms of expertise, they are at the 
leading edge of technological development in particular industries (cf. von 
Hippel 2005, 144–145). 
 
 
2.2 History and sociology of technology: heterogeneity and 

conflicts involved in the early phases of innovation  
 
During the 1980s, historians and sociologists of technology started to work 
together under the rubric of “the social shaping of technology” (SST) 
(MacKenzie & Wajcman 1985). This collaborating group of researchers criticized 
traditional conceptions of technology and advocated studying not only the 
outcomes or impacts of technological change but also the very content of the 
technology itself and the particulars of related innovation processes. As a 
consequence, the SST literature has established an original research agenda in 
innovation studies by studying interactions, including conflicts, between 
technology builders and various societal actors related to technology, such as 
user groups, politicians and financiers (MacKenzie & Wajcman 1985; Williams 
& Edge 1996).  

Their opposition to traditional conceptualizations of technology has usu-
ally revolved around so-called technological determinism. This term refers to 
the assumption that technology proceeds in an autonomous manner, and 
technical change largely determines social change. The genuine advocates of 
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technological determinism are hard to identify.10 Nevertheless, the SST 
literature argues that technological progression is not inevitable and that 
choices are inherent in the design of both technical artifacts and systems 
(Williams & Edge 1996, 866). For instance, during the long development of the 
bicycle in the late 19th century, the early models facilitated user groups, such as 
women and sport cyclists, which, over the course of time, had a great effect on 
the final shape and technique of the modern bicycle (Pinch & Bijker 1987).  

Thomas Hughes, a historian of technology closely associated with the SST 
literature, has developed an influential research approach focused on the 
evolution of Large Technological Systems (LTS) (Hughes 1983; Summerton 1994). 
Hughes does not give a strict definition for LTS, and the use of the concept has 
been wide-ranging in the follow-up studies.11 Usually, LTS refers to a system 
that has both technical and institutional components and is centrally governed, 
such as an electric transmission system. A key definition is interconnectedness, 
that is, “a change in one component impacts on the other components of the 
system” (Hughes 1983, 6). Hughes has especially studied the history of the 
systems of electric light and power in the US and Europe during the late 19th 
and early 20th centuries. In recent history, the LTS approach has been applied, 
among others, to the study of missile guidance and traffic systems (MacKenzie 
1987; Grundmann 1994). 

 According to Hughes, the phases of system building consist of invention 
and development work followed by system expansion through innovation 
(commercialization), transfer and growth (Hughes 1987, 56). Although this 
model seems to advocate the linear model of innovation, it is basically a cyclic 
conception.12 During the last phase of growth, a new system-building process 
may commence. Hughes makes a distinction between radical and conservative 
inventions. A radical invention inaugurates a new technological system, 
whereas conservative inventions improve or expand existing systems. An 
important source of radical inventions lies in the reverse salients (roughly 
translatable as “bottlenecks”) of the existing systems. According to Hughes, 
reverse salients are components in the system that have fallen behind or are out 
of phase with the other components. A reverse salient can be technical, 
organizational or economic. For instance, in an electrical system, a motor or 
                                                 
10 As a curiosity, the debate over whether Karl Marx was a technological determinist or not is 
still alive in social sciences (Kline 2001). 
11 The LTS approach has been criticized for high variability discourse concerning the studies 
carried out in the 1980s and 1990s. For instance, there is no consensus about how economic 
factors should be integrated into the LTS framework (Joerges 1999).  
12 The linear model of innovation proposes that basic research enables applied research, such as 
industrial research, which yields inventions for marketing and diffusing. On the level of the 
firm, the linear model means that R&D activities precede production and marketing (Kline & 
Rosenberg 1986, 286; Freeman 1996, 28; Fagerberg 2005, 8–9). 
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generator may be out of phase with other parts and decrease the total system 
output. Another example is from the 1920s, when the problems related to the 
management of horizontally and vertically integrated utilities of systems of 
electric light and power were the major reverse salient that was corrected by the 
invention of the holding company (Hughes 1987, 73–74). 

 The system builders define a reverse salient as a set of critical problems 
which are to be solved. Defining these critical problems is in itself a major step 
toward a solution or invention, since the ability to define an amorphous 
situation as a problem is often an anticipation of a solution. Depending on the 
type of reverse salient, the problem solvers can be inventors, engineers, manag-
ers, financiers and so on. When a reverse salient cannot be corrected in the 
context of an existing system, the problem becomes a radical one, and its 
solution may engender a new and competing system. For instance, during the 
1880s, the direct current (dc) system faced a reverse salient that was unsolvable 
within the existing system: the system was not economical when extended more 
than a mile out from the central generating station. Inventors developed a new 
alternative current (ac) system with transformers that allowed higher voltage 
outputs and, subsequently, greater distances between users and electrical 
generating stations (Hughes 1987, 73–75; 1992, 100–108). 

Hughes emphasizes that even though industrial R&D laboratories have 
been effective in innovation activities, their output consists mainly of conserva-
tive innovation. In contrast, independent innovators have been active in 
producing radical innovations even during the 20th century (Hughes 1987, 74). 
Nevertheless, Hughes argues that innovations of both kinds are rooted in 
technological systems – in their reverse salients and corresponding critical 
problems. Conceiving the source of innovation as a single incident or individual 
action is misleading because invention is a part of the continuum of solving the 
critical problems of existing systems (Hughes 1992, 115). 

In the SST literature, several studies of product innovations for program-
matic purposes have been carried out using the social construction of technol-
ogy (SCOT) approach. “Social construction” refers to the tenet that the technical 
working of artifacts is socially accomplished and not derived from nature 
(Bijker 2001, 15522). In order to manifest that social and political interventions 
in the course of technology are possible, the advocates of SCOT have studied 
elementary innovations, such as the bicycle and the lamp, with the aim of 
proving the prevalence of social construction even in “hard” technologies 
(Bijker 1995, 12; Bijker 2001). The SCOT approach emphasizes the nonlinear and 
essentially social dynamics of innovation processes, such as the existence of 
competing simultaneous designs for bicycles in the late 19th century (Pinch & 
Bijker 1987, 28–29; Bijker 1995, 9).  
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In the SCOT analysis, the concepts of “relevant social group” and “inter-
pretive flexibility” are essential in understanding the social dynamics in the 
development of product innovations. A relevant social group is a group of 
actors who refer to the innovation in the same way, such as different user 
groups, producers and even antagonists of the new technology. As these 
relevant social groups produce different meanings for the innovation, the new 
technological artifact has interpretive flexibility. For instance, the high-wheeled 
Ordinary bicycle was unsafe in the eyes of women but an attractive sport device 
in the eyes of young men at the end of the 19th century (Bijker 1995, 76–77).  

The SCOT approach underlines the selective characteristics of innovation 
processes. Relevant social groups may have problems with new technology, 
such as the safety problem of the high-wheeled bicycle enunciated by female 
cyclists at the end of the 19th century. Some of these problems are selected for 
further attention, and a variety of solutions are then produced by manufactur-
ers. In the case of the bicycle, this meant the production of tricycles with three 
wheels, safety modifications of high-wheeled bicycles, and, finally, the inven-
tion of the modern bicycle frame with a chain drive for the rear wheel and a 
smaller wheel size. Only slowly did the modern bicycle succeed in defeating its 
rivals over a period of eighteen years, and in fact, the first modern bicycle 
designs were commercial failures (Bijker 1995, 19–100; Pinch & Bijker 1987). 

The focus on the variation and selection processes in different phases of the 
development of new technology emphasizes the contingent and agonistic 
character of innovation. From this point of view, innovation is neither a linear 
nor individual development but an inherently social process involving a variety 
of relevant social groups, as well as the problems and solutions that those 
groups have with regard to the new technology. Similarly, there is no single 
source of innovation like there was no single first modern bicycle, but there are 
many solutions and applications that compete with each other in different 
phases of an innovation process (Bijker 1995, 6–10, 97–100). In contrast to the 
LTS approach of Hughes, the SCOT approach sees the system builders, such as 
engineers, only as one group among many possible relevant social groups that 
interact with each other and may affect the new technology.  

It is argued that actor-network theory (ANT) associated with the SST lit-
erature significantly expands the SCOT framework of social relations and 
controversy concerning technical change (Bruun & Hukkinen 2003). ANT 
refuses to take any institutional or organizational context, such as social groups, 
for granted in explaining human actions. Instead, ANT emphasizes that these 
contexts are created simultaneously with the construction of technical artifacts. 
Network builders, such as project managers, assign a heterogeneous set of roles 
to people, institutions, and social groups, as well as to technical objects and 
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processes during the innovation process (Bruun & Hukkinen 2003, 105). The 
key activity of this attribution process is translation: 

By translation we understand all the negotiations, intrigues, calcula-
tions, acts of persuasion and violence, thanks to which an actor or 
force takes, or causes to be conferred on itself, authority to speak or 
act on behalf of another actor of force (Callon & Latour 1981, 279). 

ANT assumes the radical indeterminacy of the actors themselves: they are 
not classified a priori under the dichotomies of macro/micro, human/inhuman 
or social/technical (Callon & Latour 1981, 286; Callon 1999, 181). Instead, actors 
should be understood as networks of heterogeneous materials – hence, the 
name actor-network theory. For instance, a researcher without a computer, 
colleagues, books, office and telephone would not be able to act as a researcher. 
Similarly, a machine is also a heterogeneous network incorporating not only 
technical components but also such human components as operators, users, and 
maintenance people. Contexts, artifacts, actors and networks are results of 
network-building activities that are also called heterogeneous engineering work 
(Law 1992).  

The main case studies of ANT address the following innovations: a British 
military aircraft called the TSR 2, a French electric car called the VEL, and a 
Parisian public transportation system called Aramis (Law 1988; Callon 1986; 
Latour 1996a). These innovation studies are about large and long-lasting 
technological projects that had a close relationship to political decision making. 
The choice of innovations is not random. They were selected in order to mani-
fest that all technological processes inherently include social and political 
elements (Law & Callon 1988, 284–285).13 This is similar to the manifesto of so-
cial construction of SCOT (Bijker 2001). The ANT case studies follow the actors, 
namely, the project managers and other professionals in leading positions, as 
they build technological systems and simultaneously transform the surround-
ing society (Callon et al. 1986, 4–5; Latour 1987, 258; 1996a, 170).  

The fate of an innovation is based on how the builders of technological 
systems succeed in the construction of a project network and its boundary with 
the rest of the society (Law & Callon 1992, 46; Latour 1996a, 33). In ANT terms, 
the network builders must first build and maintain the global network, that is to 
say, the project environment, which will provide funding, resources and 
autonomy for the project. The second task is to build the local network, or the so-
called negotiation space, which means the technological project itself. Within the 

                                                 
13 The abovementioned case studies are also failures. This selection criterion is deliberate and is 
based on the following methodological guideline: “Controversy surrounding failure tends to 
reveal processes that are more easily hidden in the case of successful projects and institutions” 
(Law & Callon 1992, 22). 
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local network, the task of experimenting with and constructing technical 
artifacts is carried out in order to fulfill the expectations of the actors of the 
global network, such as funding agencies. The third and most critical task is the 
ability of the project management to impose itself as an obligatory point of passage 
between the global and local network. From this position, the project 
management can control the local and global interaction (Law & Callon 1988, 
289–290; 1992, 46; Latour 1988, 31). For instance, in the case of the military 
aircraft project TSR 2, the project management was unable to control the 
interaction between project actors, such as subcontractors, and outside actors, 
such as the RAF. This led to constant changes in the technical specifications that 
complicated and sometimes impeded the running of the project until its final 
shutdown in 1965 (Law & Callon 1992). 

From the ANT perspective, the initiation of innovation is part of network-
building activities. These activities are described with war-like metaphors, such 
as fighting on different fronts, pursuing, enrolling and mobilizing new allies, 
overcoming the resistance of enemies, and gaining dominance (Latour 1987, 
259; 1988; Callon et al. 1986; Law & Callon 1992). The network building takes 
place in various places simultaneously, and the elements of the network are 
heterogeneous, including collaborators, consumers and technological compo-
nents. In ANT case studies, the first crucial task of network building is to gain 
support for the project by building the global network that provides resources, 
money and autonomy for the project. The central discovery of the ANT case 
studies is that this is usually accomplished by producing convincing plans, 
scenarios or agreements that outside actors are willing to accept. In these plans, 
the problem or need that the new technology is going to answer is presented. 
Furthermore, project details such as funding, control of the project, and the 
sharing of possible benefits and risks are specified. When outside actors such as 
financiers are persuaded to accept the terms, the innovation process commences 
(Callon 1986, 20–24; Latour 1996a, 44; Law & Callon 1988, 287–289). Similar 
reasoning is present in the findings of the MIRP program concerning project 
plans as “sales vehicles” (Van de Ven 1999, 23). 

History and sociology of technology has studied the early phases of tech-
nological innovations from the point of view of social processes and has utilized 
the concepts of critical problem-solving activities, interaction between relevant 
social groups, and heterogeneous engineering work (Table 2.2). The LTS, SCOT 
and ANT approaches share in common the endeavor of founding a new 
research agenda within the history and sociology of technology, which means 
rejecting traditional conceptualizations of technology mainly associated with 
so-called technological determinism. This endeavor is not without policy 
implications: if technological development contains social processes, such as 
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Table 2.2 Three accounts of the characteristics of the early phases of technological 
innovation in the history and sociology of technology  

 

Models Organizational 
locus 

Organizational 
positions of 
initiators ___ 

Motive and 
incentive 

Key actions 

Evolution of 
large techno-
logical 
systems 
(LTS) 
T.P. Hughes 
(1983) 

• Large techno-
logical sys-
tems (inter-
connected 
networks of 
firms, users 
and govern-
ment agen-
cies) 

• Personnel of 
R&D labo-
ratories (con-
servative 
innovations) 

• Independent 
inventors 
(radical inno-
vations) 

• Reverse 
salients 
(bottle-
necks) of 
large tech-
nological 
systems 

• System 
builders (in-
ventors) de-
fine reverse 
salients as a 
set of critical 
problems  

Relevant 
social groups 
The Social 
Construction 
of Technol-
ogy (SCOT) 
approach  
Bijker (1995) 
 

• Various 
organizations 
and individu-
als associated 
with the in-
novation 

• Relevant 
social groups 
(users, manu-
facturers, 
antagonists 
etc.) 

• Relevant 
social 
groups pro-
duce differ-
ent mean-
ings (prob-
lems, 
wishes, 
needs) con-
cerning the 
emerging 
new tech-
nology 

• Manufactur-
ers respond to 
the needs of 
relevant social 
groups by 
producing a 
variety of 
solutions 

Actor-
networks 
The ANT 
approach 
(Actor-
Network 
Theory) 
Callon et al. 
(1986) 

• Network of 
firms and 
their allies  

• Project man-
agers and 
other profes-
sionals in 
leading posi-
tions 

• Will to 
power 

• Project man-
agers produce 
plans, sce-
narios and 
agreements 
that secure 
resources, 
money and 
autonomy for 
the develop-
ment project 
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selection mechanisms and conflicts, then political debate about and interven-
tions in technological development work are justified (Bijker 2001). 

The network building activities discovered by the ANT case studies re-
semble the findings of Hughes. The network builders define and solve concur-
rently technical, organizational and economic problems that derive from the 
reverse salients or bottlenecks of existing technological systems, and this 
activity is at the very root of innovation processes (Hughes 1987, 73–74; cf. 
Latour 1988, 26). These notions are also recognized in management literature 
(Garud & Karnøe 2001). Path creation is a concept that emphasizes the agency of 
entrepreneurs:  

We believe entrepreneurs attempt to shape paths, in real time, by 
setting processes in motion that actively shape emerging social 
practices and artifacts, only some of which may result in the creation 
of a new technological field (Garud & Karnøe 2001, 2). 

Path creation is the opposite of path dependency, which refers to the stability 
and lock-in features of existing technological systems, such as the dominance of 
the design of QWERTY keyboards (David 1985). Path creation underscores the 
fragility of the stability of technological systems and points out that entrepre-
neurs may mindfully deviate from existing systems and approaches. This is 
accomplished by carefully locating the boundaries and constraints of the larger 
technological field and then articulating and promoting new alternative 
approaches (Garud & Karnøe 2001, 28).14 This is not different from the lesson 
learned from the SST approaches referred to above.  

The LTS and SCOT approaches provide certain implications for the contri-
butions of outsiders. Hughes points out the significance of independent inven-
tors to the radical innovations of the 19th and 20th centuries. Independence refers 
here to organizational autonomy as the independent inventors worked by 
themselves or as heads of their own companies. It does not, however, refer to a 
lack of expertise or know-how. On the contrary, the independent inventors 
were distinguished experts on the limitations of the existing technological 
systems. The SCOT approach underscores the significance of many relevant 
social groups in the early phases of innovation besides system builders, who are 
mainly engineers. These relevant social groups may be located at the periphery 
of established technological communities in terms of geography, organization 

                                                 
14 Quite similarly, management scientists Håkan Håkansson and Alexandra Waluszewski (2002) 
point out that path dependencies may produce not only hindrances to innovation but also 
possibilities for new solutions. The key phenomenon is the creation of new crossroads of path 
dependencies. For instance, a new customer demand may spur manufacturers into combining 
solutions that already exist as “embryos” in existing manufacturing systems with each other 
(Håkansson & Waluszewski 2002, 569–570).  
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and expertise, as was the case with women cyclists at the end of the 19th century 
(Bijker 1995, 76–77). While the SCOT approach detects the influence of marginal 
groups on technological design, it does not analyze the question of why these 
outsiders become involved with the development work in the first place.  
 
 
2.3 Cultural-historical activity theory: contradictions as sources of 

innovation activities 
 
The study at hand is a part of research efforts that utilize the insights of cul-
tural-historical activity theory in innovation studies (Miettinen 1999; Hasu 2001; 
Hyysalo 2004). The emergence of activity theory in innovation studies is a result 
of multiple developments.15 From an empirical point of view, it is a matter of 
the expansion of the research field. Cultural-historical activity theory has 
traditionally studied learning and instruction in the context of schools and other 
educational institutions. Since the 1980s, learning and development in work 
activities have also been on the activity-theoretical research agenda (Engeström 
& Miettinen 1999). During the 1990s, activity theory was introduced in human-
computer interaction (HCI) research as a viable means of analyzing the context 
and practice of the use of computerized systems in workplaces (Nardi 1996; 
Kuutti 1996).  

By the beginning of the 2000s, activity theoretical studies of the use of 
complex product innovations and related user-producer interaction have 
appeared (Engeström & Escalante 1996; Hasu 2001; Hyysalo 2004). In short, the 
research field has expanded from educational institutions to workplaces in 
which the implementation of new technologies has become a pertinent research 
subject. These applications of activity theory have been encouraged by the 
potential seen in the theory for studying both learning (understood as repro-
duction of culture) and change (the creation of new cultural artifacts) in human 
activities (Engeström & Miettinen 1999, 10).  

Concerning the theoretical discussion and development in innovation 
studies, activity theory has the most in common with ANT, and their relation-

                                                 
15 Activity theory was founded by Russian psychologist Lev Vygotsky during the 1920s. 
Vygotsky was primarily interested in the development of higher psychological functions, 
mainly, the internalization of cultural forms of behavior. Vygotsky ended up formulating the 
elementary concept of mediated activity. Human actions are always mediated by cultural means 
or artifacts, such as language and tools (Vygotsky 1978: 52–55). Later on, another Russian 
psychologist, Alexei Leont’ev (1978), expanded the concept of mediated activity to cover social 
mediation. During the 1980s, Finnish educational scientist Yrjö Engeström (1987) introduced the 
concept of the activity system, which is a systematic presentation of culturally and socially 
mediated activity. 
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ship has been under scrutiny on many occasions (Engeström 1996, Engeström & 
Escalante 1996, Latour 1996b; Miettinen 1999). The commitment of studying 
how material artifacts mediate human activity has been seen as a common 
ground between the approaches (Engeström & Escalante 1996, 339; Miettinen 
1999, 171). It has been also suggested that the network conceptualizations of 
ANT could be used to expand the activity-theoretical framework. The so-called 
third generation of activity theory is moving from studying single activities to 
exploring the networks of interacting activities (Engeström & Escalante 1996, 
339; Engeström 2001, 135; Toiviainen 2003, 36).  

As a continuation of previous research (Miettinen 1999), this study applies 
activity-theoretical concepts in the analysis of the early phases of technological 
innovation. I suggest that activity theory offers a viable means of taking account 
of the collective and historical developments related to the early phases of 
innovation. From an activity-theoretical perspective, an individual is part of a 
historically-developing and culturally and socially mediated activity system, 
such as a working community. The novel actions of an individual are motivated 
by the changes and the development of her activity system (Engeström 1987, 87 
& 193). Thus, the concept of agency should encompass the culturally and 
socially mediated activity systems in which individuals participate.  

Individualistic and ahistorical notions of agency in the early phases of 
technological innovation are prevalent, albeit mostly implicitly, in innovation 
literature.16 In the knowledge creation and conversion model of Nonaka and 
Takeuchi (1995), the initiation of innovation is attributed to the interaction 
between tacit and explicit knowledge. While the social characteristics of 
knowledge conversion are underscored, the source of tacit knowledge, which is 
the very starting point of knowledge conversion, is by definition an individual 
with her subjective and procedural experience. The well-known example of the 
bread-making machine illustrates this point. It was the master baker who 
exclusively owned the tacit knowledge of dough kneading that was subse-
quently shared by the developers of the bread-making machine (cf. Nonaka & 
Takeuchi 1995, 95–123). Also, the lead user model advocated by von Hippel 
relies on individuals instead of collectives as the primary actors of initiation. 
The lead users are experts who possess crucial knowledge about the needs that 
will be prevalent in the marketplace of the future. Their expertise is autono-

                                                 
16 Without tackling the prolonged debate over collectivism vs. individualism in social sciences, 
“individualistic” refers here to the assumption that human beings are more or less autonomous 
intentional subjects (cf. Pettit 2001). “Ahistorical” refers here to the unconcern about the 
historical development of the collective, such as a working community, in which an individual 
participates.  



 

 31

mous and can be utilized in a concept development workshop that gathers the 
lead users together, for instance (Herstatt & von Hippel 1992).17  

In the SST literature, implicit individualistic and ahistorical accounts can 
be detected as well. Even though the systemic nature of innovation is taken for 
granted in the LTS analyses advocated by Hughes, the agency of radical 
innovations is solely on the shoulders of entrepreneur-inventors such as 
Thomas Edison and George Eastman. They were the primus motor of radical 
innovations when they worked either as independent innovators or heads of 
their own companies in the early phases of innovation processes (Hughes 1992, 
116).18 The same applies to the case studies of ANT, in which the agency of 
innovation is on the shoulders of project managers who construct the networks 
that support innovation activities (cf. Law & Callon 1992). The use of individu-
alistic and ahistorical notions of agency leaves room for genius theories of 
inventions, which explain invention as a result of individual talent or intuition. 
These “hero” or genius theories of invention have been heavily criticized in 
philosophy, sociology and psychology since the 1980s (Miettinen 1996; 2006).  

From the point of view of activity theory, an individual and her actions are 
embedded in collective activity systems, a priori. In an activity system, an 
individual’s actions are mediated by historically and culturally formed tools 
and signs, on one hand, and by social properties, such as community, division 
of labor and rules, on the other hand (Engeström 1987, 78; cf. Cole 1996, 139–
141). Concerning technological innovation, an individual approaches the object 
of development work by utilizing the historically-formed resources and means 
of her collective activity system (e.g. machinery, conceptual framework, peer 
collaborators etc.). An activity system not only enables the individual to partici-
pate by offering resources and means, but it also provides a source of motiva-
tion for participation. From the activity-theoretical point of view, an individ-
ual’s interest in taking novel actions is partly related to the change and devel-
opment of the activity system (Engeström 2001, 137). When the activity system 
transforms, it creates dilemmas and problems that motivate the novel actions, 

                                                 
17 Recently, von Hippel (2005, 93) has argued that “user innovation is a widely distributed 
process and so can be usefully drawn together by innovation communities.” According to von 
Hippel, many open source software projects are driven by such innovation communities. In 
another instance, Von Hippel and von Krogh (2003) consider the motives for participation in 
innovation communities. They suggest that the motives could be explained by analyzing how 
single individuals calculate the private losses and benefits involved in participation (von Hippel 
& von Krogh 2003, 216–217). To my mind, this suggestion is an individualistic interpretation of 
the motives for the participation in innovation communities. 
18 Even though Hughes emphasizes the role of independent inventors, he actually examines, in 
detail, the social community of the inventor. In the case of Thomas Edison, the Menlo Park 
community consisting of mechanics, electricians, chemists etc. was a collective “innovation 
factory” leading to fundamental innovations in systems of electricity (Hughes 1983, 18–46). 



 

 32

including new goal setting, of individuals. This is called transformative interest 
(Miettinen 1999, 185–186). Novel actions motivated by a transformative interest 
may comprise developing new competencies, searching for new collaborators 
or starting development work towards technological innovation. 

The transformation of an activity system is triggered by its inner contradic-
tions. When one element of an activity system changes, it may contradict with 
existing elements. This leads to the generation of disturbances and conflicts, 
ending up with a crisis or the transformation of the activity system (Engeström 
1987, 87; 1999b, 67; 2000, 964–966).19 The concept of the contradiction can be 
clarified by contemplating the relationship between the tools and object of an 
activity. In a health care setting, for instance, the object of a care activity is a 
patient population, their illnesses and well-being. When the number of multi-
problem patients who have several diseases increases, the old tools may turn 
out to be insufficient in a care activity, such as a hospital ward. This leads to a 
surplus of disturbances and crises, which may manifest themselves in the form 
of an excessive amount of patient visits, unclear loci of responsibility, and 
communication errors. The disturbances may exhaust doctors and nurses and 
overload their work routines. Gradually, however, the disturbances motivate 
participants to transform their activity. This may occur by enhancing the 
division of labor of the care activity, but, in some occasions, the activity may 
even develop a new tool for counterweighting the changed object of the 
activity. A Finnish case study (Engeström 2000) analyzed how doctors and 
nurses developed a care agreement tool for dealing with multiproblem patients. 
The care agreement affirmed the plan for the patients’ care and division of labor 
between care providers and was approved by practitioners, patients and their 
families. In this case, the contradictions in the care activity led to severe distur-
bances in work routines and, through painstaking debates and design efforts, to 
an invention of a new tool for the activity (Engeström 2000, 966–967).  

The case of the care agreement tool illustrates how an enduring contradic-
tion within an activity system entails transformative interest that may motivate 
novel actions leading to innovation. This study suggests that the contradictions 
within activity systems are crucial explanatory factors when an innovation 
process is initiated by people outside or at the periphery of the field of expertise 
                                                 
19 There are four different categories of contradictions in activity theory: the primary contradic-
tion refers to the inner conflict between exchange value and use value that is present within 
every element of an activity system; the secondary conflict refers to contradictions between the 
elements of an activity system; tertiary and quaternary contradictions refer to tensions between 
activity systems (Engeström 1987, 87–88). In this study, the secondary contradictions are in 
focus since they have a central role in the development of an activity system (primary contra-
dictions are manifested through them and tertiary and quaternary contradiction are results of 
the resolution of the secondary conflicts of an activity system) (e.g. Engeström 1987, 193; Hasu & 
Engeström 2000, 68).  
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of the established industry. For outsiders of this kind, the initiation of 
development work is an extraordinary event, and they encounter substantial 
difficulties in order to gain the capabilities and collaborators needed to master 
the technological issues that arise in the innovation process. Leaving genius and 
hero accounts aside, this study applies the activity-theoretical framework to 
explain the motives for initiating innovation processes within these 
circumstances. The enduring contradictions within activity systems and the 
transformative interest they entail are the sources of innovation that explain 
why individuals carry out tedious actions towards innovation even outside the 
established industry and its field of expertise and, on rare occasions, challenge 
existing technological systems (Table 2.3). 

 
 

Table 2.3 The characteristics of the early phases of technological innovation 
analyzed in this study 

 

Organizational 
locus 

Organizational 
positions of 
initiators ___ 

Motive and 
incentive 

Key actions 

• Work activities 
outside or at the 
periphery of an 
established 
industry 

• Low- and 
middle-rank 
engineers, 
officials and 
scientists  

 

• Contradictions of 
a work activity 
entail a 
transformative 
interest  

• Participants of a 
work activity 
start a search for 
solutions for 
disturbances and 
tensions 
stemming from 
contradictions  

 
 
2.4 Initiating technological innovation outside the field of 

expertise of the established industry 
 
This study analyzes the early phases of three technological innovations. These 
innovations are product innovations achieved in different scientific and tech-
nological fields. Benecol margarine (Benecol) is a functional food product that 
was accomplished by a collaborative network consisting of experts in medicine, 
wood and food chemistry (Article I & II). The design of the Nordic Mobile 
Telephone (NMT) system was based on a Nordic collaboration of radio and 
telephone engineers (Article III). The ProWellness Diabetes Management 
System (PDMS) was achieved by medical experts and software engineers 
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(Article IV). Using the terms of the LTS approach (Hughes 1992), each innova-
tion challenged the existing technological systems with novel solutions: Benecol 
was one of the first functional foods with international markets and recognition, 
the NMT system was the first multinational automatic mobile telephone 
system, and the PDMS was one of the first internet- and intranet-based health 
care database systems in the world.20  
 
 
Table 2.4 The relevant fields of expertise of the established industries contra the 

positions of the initiators for the three technological innovations analyzed 
in this study  

 

Innovation Relevant fields of 
expertise  

Established 
industries  

Organizational 
locus and positions 
of the initiators 

Benecol  
(a functional food) 

• Internal 
medicine, food 
chemistry 

• Food industry 

 

• Wood chemistry 
engineers from a 
pulp and paper 
company  

The NMT 
(a mobile 
telephone system) 

• Radio and 
telephone 
engineering 

• Equipment 
manufacturers 

• Officials of a radio 
department of a 
Post, Telephone 
and Telegram 
(PTT) 
administration  

The PDMS 
(a health care 
information 
system) 

• Software 
engineering of 
health care 
information 
systems 

• Software 
industry 

• Medical scientists 
of a university 
research group 

 
 

                                                 
20 Management scientist James Utterback (2004) describes innovations of this type as market 
wideners in contrast to substitutes. A substitute simply replaces an existing product, whereas a 
market widener expands the market by creating demand for something new. Consider, for 
instance, the development of typewriters from manual to electric and PCs. Each innovation in 
typewriters created a new demand and market. Market wideners in particular almost always 
come from outside the industry. 
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The empirical study of the early phases of the innovations revealed that 
they were initiated by people outside or at the periphery of the established in-
dustries (Table 2.4). The innovation process for Benecol was initiated by a 
chemical factory of a pulp and paper concern. A food company joined in the 
development work afterwards. For the NMT, the initiator was the radio de-
partment of the Swedish PTT (Posts, Telephone and Telegram administration). 
Equipment manufacturers that mastered the technology of system components 
joined in the development work several years later. The initiator of the PDMS 
was a medical research group that had no connection to software firms. The 
capabilities of the initiators were limited in every case, and collaborative 
networks were necessary in the accomplishment of the innovations. Existing 
institutional structures and procedures did not guide the collaboration, but the 
collaborative relationships had to be built simultaneously to product develop-
ment work.  

In the case of Benecol, the innovation can be located in the continuum of 
global efforts to modify food to be more health promoting or disease prevent-
ing. Since the 1950s, the food industry, scientific bodies and government 
organizations have been implementing numerous measures in order to achieve 
this aim. For instance, fortifying food with vitamins and minerals and reducing 
salt and sugar have been results of this ongoing food research and industrial 
development. It would be misleading to simplify these products to simply a 
response to an existing market need. Instead, scientific research that accompa-
nies the launching of new food products has been a key factor in provoking 
consumer needs (cf. Williams 1998).  

The latest development in the field has been the emergence of functional 
foods, including Benecol.21 Functional foods that have been developed since the 
1980s incorporate medical qualities into foodstuff. The essential characteristics 
of functional foods are the health claims that are proven by scientific research 
and approved by food authorities, such as the US Food and Drug Administra-
tion (FDA). The health claim made about Benecol states that the active ingredi-
ent of Benecol, sitostanol-ester, reduces the total cholesterol level of human 
serum by over 10% and the harmful LDL-cholesterol level by approximately 
14%. This health claim has obvious implications for the prevention of heart and 
coronary diseases in general.  

Even though it seems evident that Benecol is in the continuum of global 
efforts to modify food to be more health preventing or disease preventing, the 
initiator of the development work did not have any connection to the food 
                                                 
21 The functional food category is a controversial concept since it challenges the clear division 
between food and drugs that is deeply rooted into regulatory systems and the practices of 
Western countries. Only slowly have these practices changed along with the launching and 
approval of new functional food products (cf. Kwak & Jukes 2000). 
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industry or food research. The innovation process behind Benecol was launched 
by a Finnish chemical factory called Kaukas, which was a member of a pulp 
and paper concern. The factory had encountered a severe contradiction within 
its activity in the early 1980s. Due to an order cancellation, Kaukas found itself 
in a situation in which it had new refinement and production machinery for 
sitosterol, a common substance in plants, but no buyers or applications for the 
product. Initially, sitosterol was intended to be used as raw material for a 
steroid-based drug. This contradiction was severe enough to force the research-
ers and management of the factory to familiarize themselves with medical 
research related to sitosterol and contact Finnish medical research groups about 
the cholesterol-lowering medical applications of sitosterol. These measures 
were demanding for the wood chemistry engineers, and it took five years and 
much futile effort before a medical research group at the Helsinki University 
Central Hospital (HUCH) was successfully recruited. Later on, a mid-sized 
margarine factory, Raisio Margarine, joined in the development work. The 
initiators were spurred on by the fact that the production machinery for 
sitosterol had required years of development and investment, and without 
applications for the end product, this activity may all have been in vain. This 
was the specific source of innovation that launched the innovation process 
leading to Benecol. 

In the case of the NMT, the technological field in question was the mobile 
telephone systems in Denmark, Finland, Norway and Sweden. At the turn of 
the 1970s, the Nordic PTTs were building nationwide mobile telephone net-
works that were meant to serve commercial road traffic. The major obstacle for 
these national networks was heavy border-crossing traffic between the Nordic 
countries. The national networks faced the critical problem of how to fulfill the 
demands created by multinational traffic. The national systems were unable to 
operate over the national borders, and this diminished the customer demand 
for the systems. In the terms of the LTS approach, the border-crossing traffic 
became the major reverse salient of the national mobile telephone systems, 
which generated concurrent problem-solving activities (cf. Hughes 1992). Since 
the PTTs were planning on building the national mobile telephone networks 
concurrently, they each faced the same critical problem.  

In contrast with other countries, the Nordic PTTs had a unique tradition of 
close collaboration in telecommunications. In the Nordic teleconference of 1969, 
the issue of border-crossing traffic was put on the table. The resolution was the 
appointment of a special working group called the Nordic Mobile Telephone 
(NMT) group. It was assigned two objectives: 1. to study the possibilities of 
building pan-Nordic mobile telephone networks and 2. to study the possibilities 
of combining the existing national networks with those still in the design 
process (this meant mainly radio frequency planning). In this way, the Nordic 
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teleconference integrated the problem-solving activities of the national radio 
departments into one Nordic working group. The NMT group, which consisted 
of representatives from the radio departments of each Nordic PTT, began 
gathering in the next year. After ten years of work by the NMT group and its 
company partners, the pan-Nordic NMT system was implemented. 

The Swedish PTT and its radio department were especially active in invit-
ing Nordic collaboration. They proposed that the NMT group be founded at the 
Nordic teleconference. At the turn of the 1970s, a nationwide mobile telephone 
system called MTD was being designed in Sweden. The primary interest of the 
radio department of the Swedish PTT was to assure that the MTD system 
would function across borders in the Nordic countries. Without the contribu-
tion of other Nordic PTTs and their radio departments, the frequency planning 
for MTD (finding a suitable frequency band for the system through testing and 
through negotiating with other users of radio frequencies) would have been 
unmanageable. With regard to the object of design work, the cross-national 
system, the social organization of the Swedish radio department was overly 
limited. When the NMT working group began to convene and integrated the 
work of each Nordic radio department, this contradiction was solved. Owing to 
the unique tradition of Nordic collaboration in telecommunications, each PTT 
and its radio department were able to benefit from this collaboration. 

The PDMS is a disease-specific information system that was designed for 
diabetes treatment between 1996 and 2001 in the city of Oulu, Finland. Disease-
specific information systems are, in many ways, dependent on the health care 
system. For instance, the very design of information systems requires in-depth 
knowledge about the users and their interlinked work processes. In Finland, the 
health care system is a legally defined, tax-funded and nationally organized 
aggregate that consists of primary and specialized care units, such as health 
centers and hospitals.  

In general, the implementation of information systems in health care has 
been a slow and highly problematic process in comparison with other govern-
mental branches and industry in Western countries (Berg 2003; Jones 2003). It is 
argued that the object (patient), organizational conditions and the knowledge 
base of clinical work together are too complex to be able to support the proto-
colization and standardization necessary for the development of information 
systems (Berg 2003). Because of this unsolved complexity, information systems 
designed for health care are at a preliminary stage. For instance, the diffusion of 
electric patient record (EPR) systems is limited in comparison with other 
database software, and, at best, their use is nationwide.  

In Finland, 21 diabetes programs have been created in diabetes care units 
since the mid-1980s, excluding the PDMS. For the most part, these programs 
were meant to serve the interest of research and the population-level manage-
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ment of the disease. Traditional paper-based tools could not fulfill these tasks, 
and diabetes experts accompanied by software engineers were dedicated 
enough to design software databases for their own use. These efforts were 
carried out without awareness of other attempts, and the use of the programs 
did not proliferate beyond the care unit where they were developed. The design 
process of the PDMS was significantly similar to the other 21 programs with the 
important exception that its use and development proliferated beyond a single 
care unit.  

In the case of the PDMS, the specific source of innovation originated from 
the activity of a medical research group that worked at the University of Oulu. 
At the beginning of the 1990s, the group required a statistical tool for retinopa-
thy research (retinopathy is a typical disease in patients with diabetes). As the 
research data was gathered from the area of Oulu for the most part, a local 
diabetic clinic was recruited for the development work. A software company 
called ProWellness Ltd joined in the development work in 1996, and the first 
version of the PDMS was implemented two years afterwards. The contradiction 
between insufficient paper-based tools and the complex object of medical re-
search in the activity of the medical research group was the specific source of 
innovation in the case of the PDMS. It motivated the research group to start the 
development work by themselves and to recruit other participants over the 
following years.  

In each case of this study, the initiators faced severe contradictions within 
their activity systems. The contradictions entailed transformative interest that 
urged on novel actions, which resulted in the initiation of development work 
towards innovation (cf. Miettinen 1999). The novel actions signified deliberate 
learning efforts, product development work, and the construction of collabora-
tive networks (Table 2.5). In the case of Benecol, the initiation phase was 
particularly long, since learning the medical science related to sitosterol was a 
considerable task for the wood chemistry engineers at Kaukas. In the beginning, 
the initiators did not have a clear vision for a new technology that would solve 
the contradictions within their activity systems. The idea of the new technology 
started to take shape and materialize several years after the initiation phase. 
This also applies to the possibility that the new technology could be generally 
useful and produce economic profit. It is argued that only contradictions within 
activity systems can explain why the initiators started innovation processes 
without a clear idea of the end product, economic profit, or connections to 
relevant fields of expertise. This activity-theoretical point of view is a collective 
and historical account of the initiation of innovation by outsiders. 
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Table 2.5 The motives, incentives and key actions in the innovation processes for 
Benecol, the NMT and the PDMS 

 

 
 

While the initiation of innovation is commonly associated with knowledge, 
learning and problem solving (see Table 2.1 & 2.2), this study puts forward a 
slightly divergent insight. When an innovation process is initiated by people at 
the periphery of the relevant fields of expertise, severe and long-lasting contra-
dictions within participants’ activity systems are the source of innovation that 
precedes any efforts of knowledge creation, learning and problem solving.22 
This argument is in line with the findings of the Minnesota Innovation Research 

                                                 
22 It should be noted that a contradiction is different from a “problem” in two important ways. 
First, as Hughes (1992, 100) notes, “[I]t is well known that the ability to define an amorphous 
situation as a problem is often an anticipation of a solution.” In other words, defining some-
thing as a problem is not a starting point but an interim result of problem-solving activity. 
Second, contradictions do not result from human volition but are a consequence of historically 
cumulating structural tension between different elements of activity systems (Engeström 1987, 
87). 

Innovation and time 
of initiation 

Motive and incentive/ 
Contradictions within activity 
systems 

Key actions motivated 
by contradictions 

Benecol (1981–1986) An industrial activity of a 
chemical factory had no 
application for its end product  

 

Wood chemistry 
engineers familiarized 
themselves with medical 
research and contacted 
researchers  

NMT (1969–1970) The organizational basis of a 
radio department at the 
Swedish PTT was too limited to 
design cross-national features 
of their national mobile 
telephone system 

The representatives of the 
Swedish PTT proposed 
founding a Nordic 
working group 

 

PDMS (1995–1996) Insufficient research tools in a 
medical research group 

 

The research group 
started the development 
work of an information 
system by themselves 
and recruited other 
collaborators  
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Program (MIRP). On the basis of fourteen case studies, the MIRP researchers 
argue that shocks, such as budget crisis and project failures, activate people to 
take novel actions in addition to normal work routines and organizational pro-
cedures (Van de Ven et al. 1999, 23–30). In activity-theoretical terms, shocks of 
this kind are the result of contradictions within activity systems. If one element 
of an activity system substantially changes, it leads to the generation of distur-
bances and conflicts ending up with a crisis or novel actions aiming at trans-
forming the activity system.  

In the case of Benecol, the NMT and the PDMS, the severity of the periph-
eral position was not only due to geographical or organizational isolation, but 
more importantly, it signified remoteness from the relevant field of expertise. 
As a consequence, the initiators had only a vague idea about market needs or 
the scientific and technical prospects that were to be addressed by their devel-
opment work.23 In the case of Benecol, the Kaukas chemical factory knew next 
to nothing about the market needs or medical research related to their end 
product. The initiators were also unaware of other similar development efforts. 
This is illustrated by the 21 Finnish projects that developed diabetes databases 
without knowing about each other. It could happen that two diabetes database 
projects were carried out without either being aware of the other in the same 
hospital. The case of the NMT differs significantly in this respect. The radio 
department of the Swedish PTT was perfectly aware of the fact that national 
mobile telephone systems were simultaneously under construction in the 
Nordic countries and that the border-crossing traffic would challenge their 
functionality and expansion. This was due to the unique tradition of close 
collaboration between the Nordic PTTs in telecommunications, including the 
Nordic Teleconferences. This degree of close cooperation was an especially 
Nordic phenomenon, which is proven by the absence of similar efforts in 
Europe and elsewhere. 

The initiators solved the problems deriving from their peripheral positions 
and the question of whether a market or technical prospects exist for the 
innovation pragmatically. This was accomplished by recruiting people and 
organizations that had scientific or technical competence or the capability to 
deal with the marketing and the users of the new technology. In expanding 
their collaborative networks, the development projects, which were local and 
idiosyncratic at their starting points, became embedded in other societal 
domains and historical developments, such as the rise of functional foods in the 

                                                 
23 Management scientist Clayton Christensen (1997, 147–163) argues that many fundamental 
and disruptive technologies, including Intel’s 8088 microprocessor and Honda motorcycles, 
were developed without the knowledge of possible markets. Afterwards, the PCs equipped 
with the 8088 microprocessors started the desktop revolution in the computer industry, and 
Honda motorcycles thoroughly restructured the North American motorcycle market. 
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case of Benecol and the expansion of mobile telephone systems in the Nordic 
countries in the case of the NMT. While the local idiosyncrasy and serendipity 
were related to the early phases of the innovation processes, their role dimin-
ishes significantly in later phases. 
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3   THE EMERGENCE OF NETWORKS OF LEARNING  
 
 
The third aim of this study is to understand what role learning plays amongst 
the collaborative acts carried out in the early phases of technological product 
innovation. The innovations analyzed in this study were initiated by people 
outside or at the periphery of the technological communities of the established 
industry. The initiators needed resources and know-how from partners oper-
ating in different fields of expertise in order to advance the development work 
out of its initial stage. They did not, however, enjoy internal expertise or the so-
called absorptive capacity (Cohen & Levinthal 1990) that could have facilitated 
this network collaboration since they were, by definition, outsiders.  

Under the difficult circumstances faced by these outsiders, learning efforts 
were cautiously started and were easily replaced by other means of collabora-
tion, such as subcontracting and hiring competent personnel. Thereby, my 
research aim is not to take the significance of learning for granted in product 
innovation but to analyze it in relation to alternative modes of collaboration 
that may coexist with or even replace learning. The fragility and impermanence 
of interorganizational learning processes become evident when formalized 
product development work and the commercialization of innovation are 
established. The fourth aim of this study is to illuminate the changes in learning 
processes in these phases. I will focus on the alterations in the relationships 
between the original partners and on the involvement of new actors in the 
development work.  

In innovation literature, learning is a common research subject that has 
arisen without close connections to the traditional theories of learning in 
education or psychology. The systems approach developed by evolutionary 
economists stands out in particular as the prominent advocate of the research 
on learning in product innovation (Soete & Arundel 1993; Lundvall & Johnson 
1994; Lundvall 2004). Since the 1990s, international policy organizations, 
especially the OECD, have been concerned with the emergence of a knowledge-
based economy (the use of knowledge to facilitate economic growth) as a key 
trend in Western countries (OECD 1996; 2005). Evolutionary economists have 
elaborated on this policy declaration by arguing that a knowledge-based 
economy should be understood as a learning economy. Knowledge is only 
partially available as a tradable commodity, such as a patent, and it is increas-
ingly acquired through social learning processes, such as through know-how 
trading among professional colleagues (Lundvall & Archibugi 2001, 4–5).  
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The problem with the policy-oriented economic research on learning is the 
absence of both tenable theories and concrete empirical studies on learning 
processes (Lundvall 2004; Miettinen 2002, 45; Nooteboom 2000, 56). Somewhat 
provocatively, educational scientist Yrjö Engeström argues that any theory of 
learning must answer at least the basic questions of who the subjects of learning 
are, why they learn, what they learn and what the key processes of learning are 
(Engeström 2001, 133). The policy-oriented economists themselves admit that 
the research is only now beginning to raise these questions (Lundvall 2004). It is 
still in doubt, however, whether learning processes will be analyzable at all 
with the traditional data and methods used in economics (Miettinen 2002, 45).  

Before presenting the results of the study, I will review a few issues con-
cerning the use of learning in innovation studies. Possibly due to the long-
standing policy expectations associated with the knowledge-based economy, 
the use of learning has become the bread and butter of innovation studies.24 
Even disciplines that have, by tradition, bypassed issues of learning, such as the 
sociology of technology, have converted to being keen advocates of the study of 
learning and innovation (e.g. Williams et al. 2005). This study addresses learning 
in collaborative networks that draw together participants from different fields 
of expertise in the early phases of product innovation. I shall confine my review 
to an evaluation of three topics that are relevant from this research standpoint: 
1) to what extent do the concepts of learning by doing, using and interacting, 
which are commonly discussed in policy-oriented economic research, illumi-
nate the process of learning in product innovation; 2) what are the limitations of 
the applications of the concept of organizational learning on product innovation 
in the face of horizontal learning processes occurring in networks; and 3) what 
insights does the concept of networks of learning offer for studying learning in 
product innovation, and is it compatible with activity-theoretical elaborations 
on learning? 
 
 
3.1   Use of the concept of learning in innovation studies 
 
The use of the concept of learning on product and process innovations has a 
long history. As early as the 1930s, aeronautical engineer Theodore Wright 
(1936, 124–125) described a learning curve phenomenon: as the workers gained 
more experience, less time was required for aircraft assembly operations. This 
phenomenon was conceptualized as learning by doing by economist Kenneth Ar-
row in 1962. He suggested that technical change in general can be ascribed to 

                                                 
24 For instance, Research Policy published 51 scholarly articles that mentioned learning in the 
abstract text in the years 2000–2005 (source: Elsevier ScienceDirect).  
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the accumulation of experience gained over time in problem-solving activities 
of production (Arrow 1962, 156). In 1982, economic historian Nathan Rosenberg 
expanded this concept by introducing the concept of learning by using. This 
concept focuses on the use of complex technologies and refers to the perform-
ance increase gained in the prolonged use of a new technology. For instance, the 
operating costs of the commercial DC-8 aircraft were reduced by 50 percent in 
airline use even though the basic technical configuration remained unchanged 
after its introduction in 1958. The reduction of costs was dependent on the 
operators’ learning about the performance characteristics of the aircraft and 
understanding its full potential more clearly, which was possible only after an 
accumulation of operating experience. Rosenberg argues that learning by using 
is also evident in other industries and explains many aspects of productivity 
improvement in high-tech industries (Rosenberg 1982, 120–140). 

Later in the 1980s, learning by using was expanded by Bengt-Åke Lundvall 
to cover producer-user interaction. Learning by interacting refers to the reciprocal 
interaction that occurs between producers and users of a new technology 
during product development. The producers monitor the competence and 
learning potential of the users in order to estimate their capability to adopt new 
products, whereas the users gain information about how the use-value charac-
teristics of new products relate to their specific needs (Lundvall 1985, 13–14; 
1988, 352). As Lundvall (2004) remarks, the concepts of learning by doing, using 
and interacting regard learning as an unintended outcome of processes that 
have a different aim than learning or increasing competence. Learning is a by-
product of processes of production, use, marketing or innovation.  

The concepts of learning by doing, using and interacting are an integral 
part of the policy-oriented economic research (Dosi 1988, 223; Mytelka & Smith 
2002). They are also present in the policy documents affected by this research 
(OECD 1996; OECD & Eurostat 2005). The valuable insight of these concepts of 
learning is that they indicate important learning processes occurring in places, 
such as user sites, whose importance for innovation is not obvious in the first 
place. Nevertheless, the conceptualization of learning is yet limited since the 
question of how learning processes actually take place in production, use or 
producer-user interaction remains unclear. In other words, the learning process 
remains a black box whose input consists of producers, users and their interac-
tion and whose output for innovation is recognized, while what occurs between 
the input and output is obscure.  

Organizational and management scholars have made many efforts to open 
the black box of learning, which have resulted in multiple accounts of how 
product innovations are derived from organizational learning processes (e.g. 
Leonard 1995; Nonaka & Takeuchi 1995). Researchers of these fields “have 
come to view the ability to learn as an important, indeed in some accounts a 
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unique, source of sustainable competitive advantage” (Levinthal & March 1993, 
96). Thus, the research on learning is motivated by the correlation seen between 
learning and a competitive advantage, which is a highly relevant subject 
especially from the point of view of strategic management (cf. Leonard 1995, xi; 
Fiol & Lyles 1985, 803). The research on organizational learning itself dates back 
to the 1960s, and related theoretical development has been voluminous ever 
since. In a review by Fiol and Lyles (1985), 15 significantly different concepts of 
organizational learning were recognized. The plurality of perspectives has 
continued to increase because the subject has attracted scholars from disparate 
disciplines, practitioners and consultants throughout the 1990s and 2000s 
(Knight 2002). Besides expanding, the research on organizational learning has 
built self-sufficiency in theoretical elaborations. This is manifested by the 
absence of dialogue with psychological and educational theories of learning. It 
is common that educational and psychological theories of learning are labeled 
as individualist accounts of learning, which are opposed by pointed arguments, 
such as, “Organizational learning is not simply the sum of each member’s 
learning” (Fiol & Lyles 1985, 804) or “Organizational cognition differs from 
individual cognition because it encompasses a social dimension” (Lam 2005, 
123). 

Management scientist Alice Lam (2005) produced a recent review of the 
applications of the concepts of organizational learning and innovativeness in 
innovation studies. Lam divides the applications into three categories: 1) 
research on the relationship between organizational structural forms and 
innovativeness, 2) micro-level research on organizational learning and knowl-
edge creation, and 3) research on organizational capacity for change and 
adaptation (Lam 2005, 138). Even though these three categories are justified by 
their different historical backgrounds and theoretical emphases, the overlap 
between them is considerable to the outside observer. For instance, the organ-
izational model called the “J-form” (“Japanese type”) refers to the specific 
organizational structures, such as intensive interaction between different 
functional units in an organization, which enforce the innovation output of a 
firm. At the same time, however, it also refers to the particular learning proc-
esses taking place in the J-form organization, such as the incorporation of shop-
floor workers in problem solving (Lam 2005, 127–128). 

I think that the applications of organizational learning in innovation stud-
ies have two common characteristics that carry significant implications for 
analyzing learning processes in product innovation. First, the primary unit of 
analysis is the firm organization, which is regarded as the critical context of 
learning and knowledge creation (Lam 2005, 125). It is not, however, obvious 
that analytical tools suitable for studying knowledge creation in a firm are 
sufficient when the focus of analysis shifts to the network collaboration between 
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firms. Second, organizational and management literature often adopts a top-
down view on learning by emphasizing the role of strategic management and 
decision making. For instance, learning is seen as an issue of how the top 
management establishes strategic intent for the organization (Prahalad 1993) or 
how the management mobilizes the capabilities of the firm in order to gain a 
competitive advantage (Teece et al. 2000). The top-down view may draw atten-
tion away from material and practical conditions of learning and exaggerate the 
voluntary character of learning processes. In the following, I will illustrate the 
tendency of adopting the firm-specific and top-down view on innovation and 
learning by briefly discussing a few prominent works of organization and 
management literature that have  been  actively  applied or utilized in innova-
tion studies.  

In management literature, the concept of core capabilities (also called core 
competence) has gained a prominent position with regard to learning in 
technology-based corporations (e.g. Dosi et al. 2000). It refers to the capacity of 
creating new businesses by creatively combining the core skills of the corpora-
tion (Prahalad 1993, 47), which subsequently constitutes a competitive advan-
tage (Leonard 1995, 4). Management scholar Dorothy Leonard suggests that 
core capability consists of four parts: 1) people’s skills, 3) the knowledge 
embedded in physical systems, 3) managerial systems supporting knowledge 
growth, and 4) values that screen the accumulation of knowledge (Leonard 
1995, 27). Leonard lists many methods of how the management can advance the 
growth of core capabilities. Growth can come about, among other ways, 
through maintaining a diverse mixture of skills among employees, involving 
users in product development through mutual adaptation of the new 
technology and the user environment, and creating possibilities for and 
learning from experimentation (Leonard 1995, 59–134). Core capabilities are 
firm-specific, and the role of management (especially top management) in 
maintaining and fostering them as gatekeepers or screeners of the environment 
is decisive for the success of the technology-based enterprise (Leonard 1995, 
264–265).25 

The concepts of exploitation and exploration have gained an influential posi-
tion in the efforts to explain learning strategies occurring in product innovation 
                                                 
25 At the last turn of the century, the concept of core capabilities has been expanded by the 
concept of dynamic capabilities, which underscores the role of strategic management and the 
standpoint of the firm even further. The concept is based on the resource-based perspective of 
the firm: the competitive advantage of the firm rests on idiosyncratic and hard to imitate 
resources, such as patents, that are often protected by intellectual property rights (Teece et al. 
2000, 335). When these resources are combined effectively with organizational routines, they 
may develop into the firm’s core capability. Dynamic capability is then the ability to reconfigure 
and redirect existing core capabilities in the face of rapid changes in the firm’s environment 
(Teece et al. 2000, 339). 
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(e.g. Pavitt 2005, 88). Exploitation means the organization’s refinement and 
development of existing knowledge with predictable outcomes, whereas 
exploration refers to the pursuit of new knowledge with uncertain outcomes 
(March 1991, 85; Levinthal & March 1993, 105). Organizational scientist James 
March, who has especially contributed to the discussion on the subject, con-
cludes that the crucial task for the organization is to maintain a balance between 
the two: if the organization engages exclusively in exploration it will usually 
never gain returns on its knowledge, while focusing only on exploitation will 
result in the risk of obsolescence (March 1991; Levinthal & March 1993, 105).  

While the concepts of exploitation and exploration are based on abstract 
reasoning in organizational  theory,  innovation studies have produced empiri-
cal applications. Management scientist Victor Gilsing (2005) applies the con-
cepts in an aggregate-level study of Dutch multimedia and pharmaceutical 
industries. Actual learning processes are not exposed, but references are made 
about where learning takes place, such as in production processes of firms 
(learning by doing) or within their interaction (e.g. Gilsing 2005, 114). While 
emphasizing the interaction between various institutional actors, Gilsing 
adopts, however, a firm-specific view on learning. For instance, the way in 
which large pharmaceutical companies made use of the competence of small 
Dutch biotechnological companies during the 1980s and 1990s is illustrated 
from the unilateral point of view of large pharmaceutical companies (Gilsing 
2005, 149).  

The knowledge creation model of Nonaka and Takeuchi (1995) considers 
how new knowledge is created through tacit to explicit knowledge conversion 
in product innovation processes. Their model suggests expansive knowledge 
creation, which means the expansion of knowledge from an individual to a 
group, and finally, to an organizational level through the constant conversion of 
knowledge from tacit to explicit and the other way round (Nonaka & Takeuchi 
1995, 84). As they aim at founding a new research agenda, Nonaka and Takeu-
chi prefer the use of the concepts of knowledge creation and conversion instead 
of learning.26 Nevertheless, learning processes are at the core of their model of 
knowledge creation and conversion. For instance, learning occurs through 
observation, imitation and practice when tacit knowledge is acquired with non-
verbal means in the socialization phase (knowledge conversion from individual 
tacit knowledge to group tacit knowledge) (Nonaka & Takeuchi 1995, 62–63). 
While Nonaka and Takeuchi stress that the core of knowledge creation takes 
place at the group level, the role of middle management is crucial and twofold. 
                                                 
26 Nonaka and Takeuchi find the traditional organizational learning literature to be limited from 
their perspective, since it associates the concept of learning with the behaviorist stimulus-
response scheme, preserves the notion of the individual as a learner, and emphasizes organiza-
tional adaptation processes (Nonaka & Takeuchi 1995, 45). 
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On one hand, the middle management, such as a leader of a task force, mediates 
the vision or strategy of the top management to employees on the front line. On 
the other hand, they adopt the tacit knowledge of front-line employees to 
exploit and incorporate it into new technologies, products or systems. In this 
way, Nonaka and Takeuchi desire to diverge from the top-down view on 
learning and propose the “middle-up-down” model, in which middle managers 
lead knowledge conversions, as an alternative (Nonaka & Takeuchi 1995, 154–
155; 240–241).  

I suggest that the middle-up-down model proposed by Nonaka and Ta-
keuchi represents yet another top-down view on learning. The knowledge 
conversion in each phase is guided by organizational intention or an organiza-
tion’s aspiration to goals that are primarily defined by the top management and 
subsequently interpreted by the middle management for employees (c.f. 
Nonaka & Takeuchi 1995, 74). Nonaka and Takeuchi are explicitly advocates of 
the firm-specific view on learning, as knowledge conversion processes occur 
mostly within the boundaries of the firm, as the title of their main work “The 
knowledge-creating company” implies.27 

The literature round-up above suggests that the use of the concept of or-
ganizational learning in conjunction with product innovations often entails a 
firm-specific and top-down view on innovation and learning. If the learning 
processes related to product innovations do not clearly originate from or take 
place within the firm’s boundaries but in the networks of interacting firms, a 
firm-specific view that designates the firm as the primary unit of analysis 
becomes problematic. Learning processes involved in product innovations can 
be traced even throughout entire industries. Rosenberg (1963; 1976) describes a 
phenomenon called “technological convergence” that took place in the US 
machine tool industry during the 19th and 20th centuries. Machine tool compa-
nies whose end products were as diverse as firearms, sewing machines and 
bicycles developed collectively fundamental enhancements in metal working 
equipment, such as drills and mills. The enhancements were based on learning 
processes occurring throughout the industry, since the basic machine 
operations, such as drilling, were common for all despite the different end 
products. The firms became closely related or “technologically convergent” on 
the technological basis of these basic operations (Rosenberg 1976, 9–31). Von 

                                                 
27 While efforts have been made to apply the knowledge creation model to interorganizational 
relations (Nonaka & Nishiguchi 2001), the firm-specific view on learning is usually sustained. 
For instance, Nishiguchi (2001) considers interorganizational relations from the point of view of 
co-evolution. Firms co-evolve together by adapting to changes in each other during an 
interorganizational relationship using both exploitative and symbiotic means. Even in co-
evolution, the primary unit of analysis is the firm organization, from which the analysis starts 
(Nishiguchi 2001, 203).  
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Hippel (1987; 1988) describes a similar phenomenon in the US steel minimill 
industry, whose professionals traded proprietary know-how with colleagues 
from competing firms as long as trading was reciprocal (von Hippel 1988, 76–
77). 

The findings of Rosenberg and von Hippel imply that learning processes 
involved in product innovations may take place in collaborative networks and 
pass easily over firms’ boundaries as long as the technological basis is shared 
and interaction is reciprocal. Their findings also indicate that the learning proc-
esses in collaborative networks are not reducible to firm-specific learning 
processes. For instance, at the beginning of the 19th century when Blanchard had 
introduced a beneficial lathe for shaping wooden materials, its principle was 
soon learned and applied in a wide range of applications for other materials in 
the machine tool industry. During this period, the intense collaborative network 
of the machine tool industry constituted a reservoir of skills and technical 
knowledge from which applications were derived and to which new solutions 
for the problems confronted in particular industries were added (Rosenberg 
1976, 18–19). These network dynamics, which resulted in fundamental product 
innovations in the machine tool industry, would remain inaccessible in 
analytical terms if the research perspective was restricted to firm-specific 
learning processes.28  

The literature review also shows that firm-specific and top-down views on 
learning often go together. If learning processes related to product innovations 
take place first and foremost within the firm’s boundaries, then guiding and 
controlling them vertically by managerial means is justifiable. The top-down 
view runs into difficulty, however, with horizontal interorganizational learning 
processes. At first glance, the informal interaction and trading of know-how 
between employees of competing firms in the US steel minimill industry seem 
irrational from the managerial point of view. Why are employees allowed to 
expose valuable core competence to competitors even though the top manage-
ment is aware of the know-how exchange patterns, such as factory visits? Von 
Hippel explains this behavior through the terms of reciprocal activity: when a 
professional gives proprietary know-how away, she assumes that correspond-
ing valuable know-how will be given by the receiver at some point in the future 
(von Hippel 1988, 82). The reciprocal activity is not, however, a self-sustaining 

                                                 
28 Knight (2002) draws similar conclusions concerning network learning in different settings. 
Her conclusion is based on a review of the studies on industry recipes (commonly shared views 
on the best management practices), emergency services networks, interorganizational 
management of product-tampering crises, and Toyota’s knowledge-sharing networks. Knight 
comes to the conclusion that learning outcomes, such as coordinated practices and shared 
cognition across a collaborative network, are not reducible to individual, group or 
organizational learning processes (Knight 2002, 445). 
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process but is directed by a shared technological basis and professional interests 
that employees have across the firms’ boundaries (von Hippel 1988, 77).  

The sharing of technological basis and professional interests in an industry 
is only affected or guided by the managerial actions of a single firm in a limited 
way. Instead, the sharing stems from the fact that professionals confront and 
solve similar problems whose material and practical conditions bear resem-
blances to each other in their work activities (cf. Rosenberg 1976, 19). It is 
probable that these material and practical conditions of work activities are often 
invisible from the point of view of management and independent of the direct 
influence of managerial decisions and objectives. The findings of Rosenberg and 
von Hippel suggest that the firm-specific and top-down view on learning and 
product innovation is a limited research standpoint in the face of horizontal 
learning processes. The horizontal learning processes ignore firms’ boundaries, 
occur largely irrespective of management policies and are affected to a great 
extent by the material and practical conditions of the participants’ work activi-
ties. 
 
 
3.2   Concept of networks of learning revisited  
 
Organizational scientists Walter Powell, Kenneth Koput and Laurel Smith-
Doerr (1996) introduced the concept of networks of learning in the mid-1990s. 
The concept aims at covering the intertwined relationship between learning and 
interfirm relationships. If the knowledge base of an industry is complex and ex-
panding and sources of expertise are widely dispersed, then the locus of 
innovation will be found in collaborative networks whose interaction is pri-
marily based on learning (Powell et al. 1996, 119, 143; Powell 1998, 230). The 
concept was introduced in conjunction with the empirical analysis of the 
network collaboration of US dedicated biotechnology firms (DBFs) at the 
beginning of the 1990s. The DBFs represented an emerging new industry whose 
knowledge base, such as immunology and molecular biotechnology, was 
different from the traditional pharmaceutical industry, whose knowledge base 
was in organic chemistry. At the same time, the knowledge base of the DBFs 
was rapidly developing, and research breakthroughs demanded a range of 
capabilities that far exceeded the capabilities of any single organization. In 
order to successfully operate in the field, the DBFs had to access knowledge and 
resources through timely collaboration with each other, pharmaceutical corpo-
rations and university laboratories (Powell et al. 1996, 118–119). Powell, Koput 
and Smith-Doerr conclude that the emergence of networks of learning can be 
expected in any industrial field in which knowledge is sophisticated, widely 
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dispersed, and not easily produced inside the boundaries of a firm (Powell et al. 
1996, 143). 

Powell, Koput and Smith-Doerr do not expose learning processes, as their 
data consists of formal contractual agreements of the DBFs. As a consequence, 
the nature of the interorganizational learning remains obscure. In another 
article, however, Powell tackles the quality of the learning, utilizing his consul-
tancy experience (Powell 1998). He describes the collaborative learning of the 
DBFs as a complex and multi-level process. The process comprises learning 
from and with partners under conditions of uncertainty, learning about 
partners’ behavior in order to mitigate the risk of opportunism, and learning 
how to distribute newly acquired knowledge across different projects. 
According to Powell, learning is essentially a two-fold phenomenon in rapidly 
developing fields such as biotechnology. Firms need to develop internal 
expertise and learning capabilities in order to stay competent in the evaluation 
of ideas and skills developed externally, while the external collaboration 
provides access to crucial knowledge and resources that cannot be produced 
internally (Powell 1998, 231). 

The theoretical background of the concept of networks of learning is pre-
sented in Powell’s (1990) influential article on the network forms of organiza-
tion. It starts from a critique of transactional cost theory (Williamson 1985), 
which divides economic interaction into market and hierarchical (firm) organi-
zation on the basis of transactional costs. The article ends up reviewing ample 
empirical evidence of the network form of organizations, which is reducible 
neither to market nor to hierarchical relations. While the market transaction 
consists of discrete exchanges and the hierarchy relies on administrative fiat, 
the network form of organization is based on the complementary strengths and 
the norm of reciprocity between the participants: ”[A] basic assumption of 
network relationships is that one party is dependent on resources controlled by 
another, and that there are gains to be had by pooling of resources” (Powell 
1990, 303). 

Powell reviews a variety of studies on networks in craft industries, indus-
trial districts and strategic alliances in order to find support for the prevalence 
of the network form of organization. He concludes that many of these studies 
indicate the prevalence of non-market, non-hierarchical form of collective 
action. The collaborative networks endure effectively over the long run, create 
incentives for learning and the dissemination of ideas, and offer highly feasible 
means of utilizing intangible assets, such as tacit knowledge and innovation 
(Powell 1990, 322). Powell emphasizes that in knowledge-intensive industries, 
collaborative networks can be the only way to access crucial knowledge that is 
neither available on the market nor easily produced inside a firm. In these 
circumstances, network collaboration can produce a competitive advantage by 
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speeding up product development and innovation (Powell 1990, 324–325). Later 
on, the analysis of networks of learning of US DBFs confirms this argument 
(Powell et. al 1996).  

Interorganizational partnerships have gained more and more common cur-
rency in corporate policies without entailing vertical integration, and research 
on this theme is flourishing (Chesbrough 2003a; 2003b). In a recent review of 
empirical studies on networks and innovation, Powell and Grodal (2005) 
observe that most of the empirical studies focus on formal ties established 
among organizations. These studies document a strong correlation between 
alliance formation and innovation processes. While there is a consensus among 
researchers that formal ties are buttressed by informal connections, few studies 
have been done of how informal ties relate to innovation, and scant research 
exists on informal interorganizational relations (Powell & Grodal 2005, 70–71). 

The network studies imply that learning takes place in collaboration across 
organizations, but the data on formal ties, such as corporate agreements and 
patents, tells little about the quality and content of such learning. It is also rec-
ognized that informal knowledge-based relations can develop into formal ones 
and that fluid networks may become closed (Powell & Grodal 2005, 64), but 
these change processes are only indirectly detectable from the point of view of 
formal ties. This study aims at advancing the concept of networks of learning 
by studying the quality and content of horizontal learning in product innova-
tion processes and by analyzing the temporal dimension of learning when the 
fluid and informal networks of learning change into more fixed network types.  

The innovations analyzed in this study were initiated by people who did 
not have connections to the relevant fields of expertise possessed by established 
technological communities. For an outsider of this kind, establishing networks 
of learning is both a necessity and a formidable challenge. These outsiders 
needed resources and know-how from partners operating in different fields of 
expertise in order to advance the development work out of its initial stage. They 
did not, however, possess internal expertise or learning capabilities that could 
have facilitated this network collaboration, since they were, by definition, 
outsiders of conventional technological communities. Neither could they offer 
obvious incentives for collaboration since, at the outset, the initiators had 
limited resources in terms of money and were unable to present a clear idea of 
the end product or the possible economic benefit to be generated by the collabo-
ration. I suggest that if networks of learning are to be born in these difficult and 
uncertain circumstances, the activity-theoretical concepts of activity systems are 
a viable means of explanation. 

From the activity-theoretical viewpoint, the nodes of collaborative net-
works in product innovation consist of activity systems (Engeström & Escalante 
1996). An individual approaches the object of development work by utilizing 
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the historically-formed instrumentalities, resources and know-how of her 
collective activity system. For instance, when a researcher tests a new idea, she 
employs the conceptual framework and machinery available in her research 
group, as well as the support of fellow colleagues. In other words, the re-
searcher’s activity is mediated, on one hand, by historically and culturally 
formed tools and signs, and on the other hand, socially by her research group. 
The competence and capabilities of an individual are, thus, firmly rooted in the 
development of her activity system. An activity system transforms over lengthy 
periods of time and remediates its social basis, such as rules and division of 
labor, as well as its material and symbolic tools, such as instruments and 
concepts. The transformation process is triggered by the inner contradictions of 
an activity system when, for instance, a new tool introduced into an activity 
system conflicts with the existing division of labor. The resulting contradictions 
generate dilemmas and problems in the activity, which may entail a crisis or, 
alternatively, a willingness to question normal work routines and carry out 
novel actions that may solve the dilemmas (Engeström 2001, 137).  

Concerning networks of learning, the need to transform an activity system 
can explain why participants join in the informal network collaboration and 
pool resources and know-how across different fields of expertise even though 
money is not transferred nor are contractual relationships established (cf. 
Miettinen 1999, 185). Network collaboration can offer solutions to the contra-
dictions and tensions that have historically developed within activity systems. 
For instance, a user site may join in the development work in order to gain a 
new technology to replace its outdated tools, a research group may participate 
with the intention of expanding its research agenda, and an industrial partner 
may join in with the aim of expanding its product range. I suggest that the 
transformative interests of participating activity systems may give an explana-
tion for their involvement in product innovation, especially in circumstances 
where obvious incentives to collaborate, such as money, are absent. The 
transformative interests are crucial for the product innovation process in which 
partners are from different fields of expertise, are new to each other and agree 
to collaborate without obvious incentives.  

In addition to collaborating activity systems, this study especially pays at-
tention to changes in the object of development work. The case studies of ANT 
analyzed a product innovation as a simultaneous development of an artifact 
and the collaborative network connected to it (e.g. Callon & Latour 1981; Law & 
Callon 1992). From the activity-theoretical point of view, the artifact under 
construction is understood as the object of development work (Miettinen 



  

 

 
 
 

55

1998).29 It is not a fixed entity, but the collaborators approach and transform it 
from multiple points of view. This is called the multi-voicedness of activity 
systems (Engeström 2001, 136). For instance, the object of development work is 
seen as a research object by a research partner, whereas an industrial partner 
sees it primarily as an object of commercial exploitation. When multiple activity 
systems share the same object of development work, dynamic co-evolution 
takes place between the collaborative network and the object of development 
work. The object evolves from early ideas and plans into prototypes and 
applications, which results in a need for new competencies, learning and the 
acquisition of new knowledge and resources through network collaboration. In 
other words, the challenges that participants face in the object of development 
work prompt learning efforts through the competence enhancement and 
expansion of the collaborative network. Later on, new competences and 
network partners contribute to and drive the development of the object of 
development work. Horizontal learning processes in the network of collabora-
tive activity systems are, thus, mediated by the shared object of development 
work.  
 
 

                                                 
29 Activity theory makes a conceptual separation between an object and a goal. An individual 
performs short-lived goal-directed actions, whereas a collective activity system has a communal 
motive and object. Ultimately, individual actions can only be understood against the object and 
motive of the collective activity the individual participates in (Leont’ev 1981, 210–212; 
Engeström 1999a, 22–23; Miettinen 1998, 425–426). For instance, the actions of an engineer 
working in an R&D department could easily seem sporadic and detached unless the histori-
cally-developed collective object and motive of the R&D department are considered.  
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Figure 3.1 The co-evolution of the collaborative network and shared object of 

development work during product innovation. The contributions of the 
participants drive the development and transformation of the object of 
development work (Phases 1–3). Vice versa, the transformations in the 
object of development work call for new resources and know-how from 
the collaborative network, which also entails the expansion of the 
network (Participants 2–4). 

 
 
By analyzing the co-evolution of the shared object of development work 

and the collaborative network connected to it, it is possible to specify how the 
resources and know-how of each participant complement each other and 
whether they produce synergy (Figure 3.1). For a long time, the research 
tradition of evolutionary economics (following Schumpeter) has regarded 
product innovation as a “new combination” of existing resources and know-
how (Fagerberg 2005, 6). The analysis of the co-evolution opens up the 
possibility to dissect the roots of this new combination embedded in the final 
product innovation. Furthermore, the analysis of the co-evolution facilitates 
further elaboration of the concept of networks of learning. I agree with Powell’s 
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basic tenet of network relationships, according to which “one party is 
dependent on resources controlled by another, and […] there are gains to be 
had by pooling of resources” (Powell 1990, 303). While Powell and his research 
fellows study the emergence of the networks of learning within the borders of 
one industry, biotechnology, I suggest that the pooling of resources and know-
how may occur even across different fields of expertise without financial and 
contractual incentives or prior acquaintance. The motives for this kind of 
collaboration can be understood by contemplating the contradictions and 
tensions that have historically developed within the relevant activities. The 
horizontal learning processes in this collaboration are related to the changes in 
the shared object of development work. The object evolves from early ideas and 
plans into prototypes and applications, which results in a need for new 
competencies, learning, and the acquisition of new knowledge and resources 
through network collaboration. 
 
 
3.3   The networks of learning in three technological innovations 
 
The starting points of the three innovation processes analyzed in this study 
were shadowed by uncertainty and difficulties. The initiators of the innovation 
process of Benecol margarine, the NMT system and the PDMS information 
system faced severe contradictions within their activity systems that prompted 
novel actions, such as deliberate learning efforts, product development work 
and the building of a collaborative network that could facilitate the utilization 
of resources and know-how from different fields of expertise. The uncertainties 
and problems of these circumstances arose from multiple sources. First, the ini-
tiators were outsiders of the established technological communities, and 
establishing a collaborative network within these communities was a consider-
able task. Second, the initiators could not attract collaborators with a clear 
vision of new technology that could be generally useful and bring economic 
benefit. The idea of the new technology started to take shape and materialize 
many years after the initiation phase. Third, the initiators started development 
work with scant resources alongside normal work routines. I suggest that 
understanding the emergence of the networks of learning in these circum-
stances requires, to begin with, a focus on the historical developments of the 
participating activity systems.  
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The network of learning in the development of Benecol margarine 
 
In the case of Benecol margarine (Article I & II), the object of development work 
evolved through three phases, which are scrutinized in the following sections:  

1. Initiation of the medical inquiry and the search for possible 
applications of sitosterol (1986–87);  

2. The idea of using sitosterol in fat products (1988); and 
3. Invention of the sitostanol-ester and its production method (1989). 
 
 

1.   Initiation of the medical inquiry and the search for possible applications of sitosterol 
(1986–87) 

 
The initiator of the innovation process was the Kaukas chemical factory, which 
was searching for buyers or applications for sitosterol in Finland in the mid-
1980s. Over a five-year period, the wood chemistry engineers working at the 
factory became familiar with the medical science of human lipid metabolism 
and contacted Finnish medical research groups about the possibility of the 
medical applications of sitosterol. They learned that sitosterol and its impact on 
the cholesterol level of human serum had been studied in medicine since the 
1950s. In internal medicine, internally taken sitosterol was known to have 
reduced serum cholesterol levels, although the exact mechanism behind this 
phenomenon was yet unknown. They also noticed that pharmaceutical prod-
ucts of sitosterol had been available for decades, even though the effect of those 
products had been marginal in comparison with some other medical sub-
stances. This was due to the poor solubility of the crystallized form of sitosterol. 

One of the medical scientists contacted by Kaukas without any previous 
acquaintance was a leader of a medical research group specialized in internal 
medicine at the Helsinki University Central Hospital (HUCH). In an informal 
meeting, Kaukas inquired about the possibility of producing the cholesterol-
lowering medical applications of sitosterol and offered the scientist sitosterol 
for testing purposes. The leader of the research group, who had studied human 
lipid metabolism for decades, was well familiar with the medical properties of 
sitosterol. He was not interested in studying the sitosterol provided by Kaukas, 
since the effect of sitosterol-based pharmaceutical products was known to be 
marginal. Over the following years, however, the scientist noticed a publication 
of a new research result that showed that sitostanol, which is a saturated form 
of sitosterol, had a greater effect on the cholesterol level of human serum than 
sitosterol and is not absorbed in the blood-vascular system as is sitosterol. He 
grew interested in starting medical research on sitostanol and asked Kaukas to 
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produce the substance. Kaukas responded by implementing a pilot test of pro-
duction machinery for sitostanol.  
 
 
2.   The idea of using sitosterol in fat products (1988) 
 
The leader of the medical research group at the HUCH had close relationships 
with the Finnish food industry. Utilizing his prior ties, he contacted the research 
personnel of Raisio Margarine Ltd, which was a big producer of vegetable fat, 
and proposed the use of sitosterol and its modified form sitostanol in vegetable 
fat products. The idea of using sitosterol in food products instead of drugs had 
already been presented in research literature. In the late 1980s, the research 
laboratory of Raisio Margarine, in cooperation with several research institutes, 
including the medical research group at the HUCH, was studying the health 
effects of canola oil. After the canola oil research projects had successfully 
ended, the research laboratory of Raisio Margarine accepted the suggestion of 
testing how sitostanol could be mixed with vegetable fat products. Kaukas 
provided the sitostanol for testing.  
 
 
3.   Invention of the sitostanol-ester and its production method (1989) 
 
The research laboratory of Raisio Margarine succeeded in producing a pure 
sitostanol-ester that was fat-soluble and mixed easily with vegetable products 
during an intensive research period in 1989. The knowledge gained in the 
canola oil research projects had a decisive influence on the research project 
since a tiny amount of canola oil is, in fact, sitosterol in fat-soluble form. After 
the discovery of sitostanol-ester, the product development work of industrial-
scale production machineries commenced at Kaukas and Raisio Margarine. In 
addition, the medical research group at the HUCH began research on the 
medical effect of sitostanol-ester. The collaboration changed from informal 
interaction to formal cooperation that was regulated by multiple contracts and a 
strict division of labor between Kaukas, Raisio Margarine and the medical 
research group at the HUCH.  
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Figure 3.2 The co-evolution of the collaborative network and the shared object of 

development work during the innovation process of Benecol margarine 
from 1986 to 1989. The specific know-how and resources of the partici-
pants are indicated in connection with each participant (see Article I). 

 
 

The early phases of the innovation process of Benecol can be analyzed as a 
co-evolution and interplay of the collaborative network and shared object of 
development work (Figure 3.2). The process started from the learning efforts of 
the engineers of Kaukas in the field of internal medicine. During these long-
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lasting efforts, they contacted a medical research group at the HUCH with 
vague ideas about the medical applications of sitosterol and offered sitosterol 
for testing purposes. The leader of the research group would have remained 
uninterested in the suggestion unless had he noticed the publication of a new 
research result concerning the medical effect of sitostanol, the saturated form of 
sitosterol. The leader developed the idea of using sitosterol or sitostanol in 
vegetable fat products, which had been hinted at in the research literature. This 
idea also offered a suitable expansion of the research agenda of his research 
group. Thus, through the competence of the medical research group at the 
HUCH, the idea of the medical application of sitosterol offered by Kaukas 
progressed and sharpened into the idea of using sitosterol or sitostanol in food 
products. Utilizing his prior ties with the research laboratory of Raisio Marga-
rine, the leader of the medical research group suggested that the company 
should set up the tests which would mix sitosterol and sitostanol with vegetable 
fat products. For the research laboratory, this task was an appropriate con-
tinuation of their research agenda with canola oils. Finally, the sitostanol-ester 
was discovered by utilizing the knowledge gained in the canola oil research 
project. As a result, by means of the resources and know-how of Raisio Marga-
rine, the tentative ideas offered by Kaukas and the medical research group 
materialized into an application. 

During the development work for Benecol in the years 1986–1989, the 
participants did not utilize financial or contractual means in their collaboration. 
Instead, they offered each other tentative ideas and knowledge that they 
assumed to be intriguing and relevant from the recipient’s point of view. I 
suggest that the involvement and contribution of the participants within this 
network of learning are understandable only if the historical development of 
the activity systems of Kaukas, the medical research group at HUCH and Raisio 
Margarine are considered.  
 

The network of learning in the standardization work of the 
Nordic Mobile Telephone system  
 
In the case of the NMT system (Article III), the object of development work 
evolved through three phases that are examined in the following sections: 

1. Combining the Swedish MTD system with other Nordic mobile tele-
phone systems (1969–1971); 

2. Specifying the functional basic requirements of the automatic system 
(1971–1973); and 

3. Defining the system description of the automatic mobile telephone sys-
tem and estimating the expenses (1973–1975). 
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1.   Combining the Swedish MTD system with other Nordic mobile telephone systems 
(1969–1971) 

 
The radio department of the Swedish PTT initiated the development work of 
the NMT by proposing Nordic collaboration in the 1969 Nordic Teleconference. 
Its primary aim was to ensure that the nationwide mobile telephone system 
MTD under construction would also function across borders in the Nordic 
countries. This required radio frequency planning in collaboration with the 
other Nordic PTTs. As a consequence, the Teleconference appointed a special 
working group entitled the NMT group, which started convening in 1970. The 
group consisted of the representatives of the radio departments of each Nordic 
PTT excluding Iceland. The short-term objective of the group was to study the 
possibilities of combining the existing nationwide manual mobile telephone 
networks with those that were being planned in Nordic countries, such as the 
MTD. The long-term objective assigned to the group was to study the possibili-
ties of building a Pan-Nordic automatic network. It was assumed that only a 
multinational system could support the growing border-crossing traffic. By 
1971, the short-term objective was fulfilled, and the design of the common 
automatic system commenced in the NMT group.  

 
 

2.   Specifying the functional basic requirements of the automatic system (1971–1973) 
 
The new design object of the NMT group was demanding since no models of a 
multinational automatic system were available. To some extent, the NMT group 
could utilize the experience gained in building local automatic mobile tele-
phone systems in Sweden and in constructing nationwide manual systems in 
Finland and Sweden. The basic requirements of a multinational automatic 
system were, however, fundamentally different from those previous systems. In 
technical terms, the automatic features of the system being designed required 
digital technology, such as microprocessors and digital telephone exchanges, 
which was either only in development or not yet available in the early 1970s. 
This was also an economic problem. There was uncertainty about whether a 
system that incorporates digital technology would become economically 
feasible at all, since the costs of such a system were difficult to calculate.  

The NMT group chose to collaborate with equipment manufacturers early 
on in order to manage the difficulties and risks associated with the design of the 
automatic system. Swedish LM Ericsson Ltd and Danish Storno Ltd visited the 
group and presented their own solutions for an affordable mobile telephone 
system. The group made an excursion to Nuremberg and became acquainted 
with a local mobile telephone system built by German Tekade Ltd. At the end 
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of 1971, the NMT group convened an information meeting for the industry. 
Forty Nordic companies attended and discussed the early planning work of the 
group. In 1973, the NMT group was able to present the functional basic re-
quirements of the automatic system at the Nordic Teleconference.  

 
 

3.   Defining the system description of the automatic mobile telephone system and 
estimating the expenses (1973–1975) 

 
The Nordic Teleconference did not accept the automatic system envisioned by 
the NMT group as such. It demanded that the NMT group prepare a cost 
estimate comparing the expenses of the automatic and manual systems with 
each other for the 1975 Nordic Teleconference. The costs of the manual system 
were calculable on the basis of the experience achieved in operating the na-
tionwide manual systems. In order to specify the costs of the automatic system, 
the NMT group decided to hold industry hearings. In 1974, six manufacturers 
evaluated separately – from a practical point of view – how feasible the group’s 
plan for the automatic system was. During these industry hearings, the repre-
sentatives of the companies were received separately and in confidentially. This 
way, the NMT group obtained several complementary views on what was 
technically and economically practicable. Simultaneously, the companies 
themselves were oriented well in advance to design and produce the compo-
nents required by the forthcoming system.  

The NMT group prepared the system description of the automatic mobile 
telephone system and the cost estimate for the 1975 Nordic Teleconference. The 
complementary knowledge gained from the equipment manufacturers was 
decisive in the preparation of the submissions. In addition to the hearings, the 
group had employed the Danish firm Storno to work on the signaling for the 
automatic system (transmitting numeric information by radio) after a competi-
tive bidding process. The group had also taken the initiative to liberate licens-
ing practices in the Nordic countries so that administrative restrictions would 
not forbid the use of mobile phones across the borders. The 1975 Nordic 
Teleconference accepted the plans and estimates made by the NMT group. This 
meant that the Nordic PTTs agreed to give resources and support for the 
further work of the NMT group. Subsequently, the specification work of the 
system components of the automatic system began. This work entailed a major 
expansion of the organization of the NMT group, a complex division of labor 
between the group and the national radio departments, as well as even closer 
collaboration within the industry.  
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Figure 3.3  The co-evolution of the collaborative network and the shared object of 

development work during the innovation process of the NMT system in 
the years 1969–1975. The specific know-how and resources of the par-
ticipants are indicated in connection with each participant (see Article III). 
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The early phases of the development work of the NMT can be analyzed as 
a co-evolution of the collaborative network and a shared object of development 
work (Figure 3.3). After combining the Swedish MTD system with other Nordic 
mobile telephone systems, the Nordic radio departments and their NMT group 
faced a more compelling task. Planning the automatic mobile telephone system 
required knowledge about the digital technology that was still being developed 
or was not yet available in the early 1970s. With the aim of learning what 
solutions were both technically and economically feasible, the NMT group 
expanded the collaborative network by engaging the industry’s attention in the 
development work. Equipment manufacturers visited the group to present 
system proposals, and the group paid a visit to a mobile telephone system 
installation in Germany. After these efforts, the NMT group was able to specify 
the functional basic requirements of the automatic system. The development 
work continued when a detailed system description and cost estimate were 
prepared for the 1975 Nordic Teleconference. At this time, the industrial 
partners were involved in the development work more closely in the industry 
hearings. When delegates from six equipment manufacturers were received 
separately and in confidentiality, they freely commented on the solutions to be 
employed in the automatic system.  

During the development work of the NMT system from 1969 to 1975, the 
work of the NMT group was guided by the administrative fiat of the Nordic 
Teleconference. Nevertheless, the guidelines of the teleconference only defined 
the general objectives of the NMT group and did not affect industrial relations. 
Except for the design work for the signaling, industrial relations were not based 
on competitive bidding or subcontracts. The industry hearings were purpose-
fully employed to nullify the significance of the competitive situation between 
the equipment manufacturers. Not only did the manufacturers contribute to the 
development with the purpose of promoting their own solutions to be incorpo-
rated in the system, but they were able to orient well in advance to design and 
produce the components required by the upcoming system as a result of their 
participation. The uncertainties and opportunities related to the emergent 
digital technology prompted the learning efforts of both the NMT group and 
the equipment manufacturers. 
 
 
The network of learning in the collaborative design of the 
ProWellness Diabetes Management System 
 
The development work of the PDMS information system was initiated by a 
medical research group that needed a statistical tool for retinopathy research at 
the University of Oulu in the early 1990s (Article IV). The network collaboration 
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commenced when a local diabetic clinic joined in the development work with 
the aim of creating a care monitoring device. A few preliminary databases had 
been created by the time a software company, ProWellness Ltd, joined in the 
development work in 1996. The medical personnel provided the expertise and 
determined the information content of the database under construction, while 
the software company brought its programming skills and experience with web 
applications. The collaborative design was accomplished in on-site discussions, 
e-mail exchanges, iterative paper drawings and prototype program testing. 
From 1998 to 2001, a number of hospital clinics joined the development work 
and offered their expertise in specialized diabetes care. Simultaneously, the 
PDMS information system was installed in several diabetes care units in 
Finland. 

From the perspective of the company, the interest in collaborating was ob-
vious as the firm gained in-depth knowledge about clinical work practice and 
its multiple requirements from the medical professionals. This knowledge was 
subsequently incorporated into the end product. However, the collaboration 
interest of the clinical practitioners was more complicated. They were neither 
forced to collaborate by administrative fiat nor were they attracted by monetary 
compensation. Nevertheless, they were willing to collaborate alongside normal 
work routines or to work overtime. Besides the PDMS, this study surveyed the 
development work of 21 other diabetes programs that had been created in 
Finland since the mid-1980s. The common denominator for all the programs, 
including the PDMS, was the precedence of enthusiastic diabetes experts who 
dominated the development work. Their research and management interests 
had become strongly incorporated into the programs, which manifested in ex-
tensive and complex program structures. The enthusiastic diabetes profession-
als had inadequate paper-based research and management tools with regard to 
the disease, which was escalating in the population. The development projects 
of various diabetes programs were carried out with the aim of solving this 
shortage, although their developers were usually unaware of other similar 
efforts. 

In the case of the PDMS, the company was the receiving partner when it 
utilized the knowledge of diabetes professionals and produced a commercial 
information system for clinical use. The diabetes professionals agreed to pool 
know-how with the company in order to promote the emergence of suitable 
tools for their research and management purposes. From their point of view, 
the PDMS was a welcome opportunity to solve the problem of the lack of 
information tools in care activities. A startling finding of this study is that the 
diabetes professionals had not learned about each others’ efforts to develop 
diabetes databases, even though those endeavors had been taking place in 
Finnish diabetes care since the mid-1980s. Not until the entry of the ProWell-
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ness software company did the horizontal learning processes relating to the 
diabetes database emerge between care units. The resources of the company en-
abled the continuity and expansion of the development work in the dispersed 
field of Finnish diabetes care. 
 
 
Summary  
 
In the case of Benecol, the NMT and the PDMS, the contributors accessed and 
pooled knowledge and resources through network collaboration with the 
absence of market-based or hierarchical relations. This finding dovetails with 
the tenet of networks of learning put forward by Powell, Koput and Smith-
Doerr (1996). While their research indicated the prevalence of networks of 
learning within particular industrial fields such as biotechnology, this study 
proves that networks of learning can emerge even across different fields of 
industry and expertise. In these circumstances, collaborators’ involvement in 
and contribution to networks of learning are understood by observing historical 
developments taking place within the collaborators’ activity systems.  

In the case of Benecol, the industrial partners sought to expand their prod-
uct range, whereas the medical research partner desired to expand its research 
agenda. Concerning the case of the NMT, the radio departments of the Nordic 
PTTs aimed at building a Pan-Nordic mobile telephone system that could solve 
the limitations of the existing nationwide systems. The industrial partners 
joined in with the purpose of learning what market niches would be created by 
the upcoming system for their products. In the case of the PDMS, medical 
experts whose knowledge was pivotal to the development work called for new 
information tools as the existing paper-based tools proved insufficient in their 
work practice. These historical developments within collaborators’ activity 
systems explain the emergence of networks of learning and odd partnerships in 
the cases of Benecol, the NMT and the PDMS, in which obvious incentives for 
collaboration were absent. 

During the innovation processes of Benecol, the NMT and the PDMS, the 
early ideas thoroughly transformed from preliminary ideas and sketches to 
working applications. This transformation process was greatly affected by the 
contributions of the new network partners. In the case of Benecol, the initiator’s 
idea of using sitosterol in drugs became the application of sitostanol-ester in 
food products. The medical research group that had been contacted by the 
initiator expanded on the initiator’s idea along with its own research purposes. 
In the case of the NMT, the views of the equipment manufacturers that had 
been contacted by the NMT group had a decisive influence on the final system 
design. Concerning the PDMS, the software company relied completely on the 
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medical experts in determining the content and structure of the information 
system under design. While the participants were from different fields of 
expertise and lacked common professional interests as such, the opportunities 
and dilemmas faced with the object of development work provided a common 
ground for mutual and complementing development and learning efforts. 
When the shared object of development work had finally crystallized and 
materialized in an application, it culminated in a new combination of resources 
and know-how from the distant fields of expertise.  
 
 
3.4   The decline of the networks of learning  
 
Concerning the innovations analyzed in this study, the collaborative networks 
underwent drastic changes after the developers had finally produced applica-
tions whose commercial potential and usefulness were evident. On one hand, 
the quality of the relationships among the partners changed. The informality of 
the interaction decreased as the relationships were defined more and more by 
contracts. No longer were the roles and assignments of the partners undefined 
and variable, but a division of labor was established among the partners. This 
also entailed the appearance of schedules and deadlines specified in written or 
oral contracts. In brief, these changes signified the emergence of a formal and 
target-oriented project organization that was dedicated to carrying out further 
development work. On the other hand, active and systematic construction of 
relationships with new actors, such as investors, authorities and potential 
customer groups, commenced. Special attention was paid to financial affairs. 
Investors and funding agencies were persuaded to finance further development 
and commercialization work, and the distribution of potential returns was 
settled among the partners.  

Powell’s comparison of market, hierarchy and network forms of economic 
organization offers one way to approach these changes in collaborative net-
works (Powell 1990; see Table 3.1). The original network form of organization 
that relied on complementary strengths, flexibility and an open atmosphere 
started to be eroded by hierarchical and market-based relations. Hierarchy was 
based on administrative fiat defined in contracts. In part, the contracts were 
achieved through a competitive tendering process between competitors, which 
is a market-based procedure. As a result, the formal project organizations that 
were built upon the previous collaborative networks had pyramidal manage-
ments and clear-cut organizational boundaries.  
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Table 3.1     A stylized comparison of market, hierarchy and network forms of 
economic organization according to Powell (1990, 300)30 

 

    Forms  

Key Features Market Hierarchy Network 

Normative basis Contract – 
Property rights 

Employment 
relationship 

Complementary 
strengths 

Means of 
communication 

Prices Routines Relational 

Methods of conflict 
resolution 

Haggling – 
Resort[ing] to 
courts for 
enforcement 

Administrative  
fiat – Supervision 

Norm of 
Reciprocity –  
Reputational 
concerns 

Degree of flexibility High Low Medium 

Amount of 
commitment 
among parties 

Low Medium to high Medium to high 

Tone or climate Precision and/or 
suspicion 

Formal, 
bureaucratic 

Open-ended, 
mutual benefits 

Actor preferences 
or choices 

Independent Dependent Interdependent 

 
 

According to the ANT approach, the emergence of the formal project or-
ganizations may be regarded as a result of the execution of power and control. 
The ANT case studies have scrutinized the question of how the project man-
agement controls the interaction between the project members and outside 
actors in product innovations (Law & Callon 1992). This control is achieved to a 
great extent by means of persuasion and negotiation. For instance, the project 
management may act on behalf of the collaborative network and produce 
convincing plans or agreements that outside actors, such as financiers, are 
willing to accept (Law & Callon 1988, 287–289). In the following, I will consider 
how the network collaboration and learning changed when the formalized 
                                                 
30 Table 3.1 is an abridged version of Powell’s original comparison. The mixed forms of market, 
hierarchy and network organizations are left out for the sake of clarity. 
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product development work and commercialization of Benecol, the NMT and 
the PDMS started. I will focus, on one hand, on the alterations in the relation-
ships between the original partners and, on the other hand, on the involvement 
of new actors in the development work.  

 In the case of Benecol (Article I & II), the discovery of the sitostanol-ester 
in 1989 was followed by dedicated product development work that eventually 
led to the launch of Benecol in 1995. A significant part of development work 
consisted of a number of medical trials that addressed the efficacy and safety of 
the sitostanol-ester products. Raisio Margarine founded a hierarchical project 
organization in which the roles and duties of the participants were defined by 
contracts: Kaukas produced the raw material, the research laboratory of Raisio 
Margarine produced the test products containing sitostanol-ester, and the 
medical research group at the HUCH carried out the clinical experimentation. 
The project management at the research laboratory of Raisio Margarine had 
negotiated and applied for funding from the top management of Raisio Marga-
rine and the Finnish National Technology Agency. They responded favorably to 
the petitions, and a series of small-scale clinical tests were carried out over the 
following years, which were followed by a large-scale trial in collaboration with 
a national health organization.  

The promising results of the medical trials were used for multiple pur-
poses when Raisio Margarine contacted new actors about the product. The 
results of the medical trials were used in the patent application and in the 
application for approval for sale in order to prove the medical efficacy and 
safety of sitostanol-ester. Raisio Margarine also used the results in promotion 
and marketing. On the very same day in 1995, Benecol margarine containing 
sitostanol-ester was launched in Finnish grocery stores, and the results of the 
large-scale medical trial were published in a leading medical journal. Simulta-
neously, a press conference for the domestic media and international news 
agencies was arranged. As a result of this clever marketing strategy, the prod-
uct was soon sold out in grocery stores, and the stock value of Raisio Margarine 
multiplied. In the media, the credit for the innovation was almost solely 
attributed to Raisio Margarine. 

The commercialization phase of Benecol entailed a hierarchical project 
organization run by the project management of Raisio Margarine. On the basis 
of the contracts, the project management also controlled the interaction between 
the project partners and external actors, such as authorities and the media (Fig-
ure 3.4). The original mode of collaboration that was based on the informal and 
open-ended circulation of tentative ideas and knowledge faded. Instead, the 
participants had a clear-cut division of labor, pre-planned objectives and mana-
gerial control similar to a hierarchical organization (Powell 1990; see Table 3.1).  
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Figure 3.4  The project network and its relatedness to external actors through Raisio 

Margarine in the commercialization phase of Benecol Margarine (see 
Article I)  

 
 

The year 1975 marked a significant turning point in the working of the 
NMT group, as well as in its industrial relations (Article III). The Nordic 
Teleconference accepted the group’s cost estimate and proposal for the auto-
matic mobile telephone system and provided significant resources for further 
development work. Consequently, the small cooperative organization trans-
formed into a complex administrative organization comprised of specialized 
subgroups and a coordinative main group. This organization was supple-
mented by a few subcontracted research institutes that carried out specific 
research tasks. Furthermore, the open and reciprocal mode of collaboration 
with the equipment manufacturers changed. The national telecommunications 
administrations invited bids for the main system components (mobile telephone 
exchanges) in 1977. One manufacturer was selected, and private collaboration 
between the selected company and the subgroup responsible for the main 
system components commenced.  

The implementation of the NMT system and the related procurement 
processes thoroughly transformed the unique mode of industrial collaboration 
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employed by the NMT group. The previous mode of collaboration was based 
on the confidential hearing procedure, which enabled reciprocal learning 
processes for the emergent digital technology and nullified the significance of 
the competitive situation between the equipment manufacturers. The imple-
mentation phase entailed an opposite mode of collaboration based on fostering 
competition between the manufacturers through the invitation for bids. The 
selected manufacturer engaged in exclusive collaboration with the group. The 
subsequent national procurement processes also employed competitive ten-
dering procedures. Haggling and negotiating about prices and delivery details 
is not different from the market-based organization (Powell 1990; see Table 3.1). 

In 2000, the developer company and participating clinical practitioners re-
garded the PDMS information system as ready for marketing and use in 
Finnish diabetes care (Article IV). The empirical research showed that general 
practitioners (GPs) and nurses working in primary care had not been partici-
pating in the design. In the same year, a user seminar about the issue was 
arranged. The representatives of all the user sites of the PDMS and some 
potential new users were present. In the discussion, both the company and the 
diabetes specialists avoided the question of what would happen if the person-
nel of primary care did not use the PDMS. Instead, both of them tended to see 
the implementation of the information system in primary care as a matter of 
convincing, educating and enrolling the primary care personnel to use the 
PDMS. They also considered the involvement of primary care personnel in the 
future design unnecessary. The company regarded the product to be more or 
less ready and had reduced its collaboration with the user partners, which 
explained its reluctance to expand user collaboration. The research and man-
agement requirements of the diabetes specialists had been closely incorporated 
into the information system, which explains their reluctance to consider the 
needs of other user groups. The views presented in the user seminar demon-
strated the end of the continuity and expansion of the previous mode of 
collaboration, which was based on the intensive collaborative design process 
between the developers and users of the information system. 

The commercialization and implementation phases of Benecol, the NMT 
and the PDMS expose the fragility and impermanence of networks of learning. 
When the developers had finally created applications whose commercial 
potential and usefulness were evident, hierarchical and market-based relation-
ships displaced the previous modes of collaboration. Simultaneously, securing 
and improving the profit prospects of the innovation grew in importance. 
Concerning Benecol, the formal project-based organization was built upon the 
previous open collaborative network that informally circulated tentative ideas 
and knowledge. During the system building of the NMT, the reciprocal learn-
ing efforts with industrial partners were replaced by market-based transactions. 
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In the design of the PDMS information system, the users and developers saw no 
need for the continuation or expansion of the previous collaborative design 
work. These changes in the commercialization and implementation phases 
easily obscure the distributed, multivoiced and tentative character of the 
original network collaboration.  
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4   CONCLUSION 
 
 
With the aim of improving the understanding of the development and condi-
tions of network collaboration in technological innovation, this study discussed 
four research issues. First, the nature of the very early phases or “embryonic 
stages” of technological innovation was addressed. Second, this study analyzed 
why and by what means people outside the relevant field of expertise of the 
established industry initiate innovation activities. The relevant field of expertise 
refers to the knowledge base that is possessed by the established organizations, 
such as technology firms, professional societies or research institutes, operating 
in the industrial field under consideration at the time. Third, the significance of 
interorganizational learning processes in technological innovation was dealt 
with. This was supplemented by considering how network collaboration and 
learning change when formalized product development work and the commer-
cialization of innovation are established. These issues were addressed through 
the empirical analysis of three technological innovations: Benecol margarine, 
the Nordic Mobile Telephone system and the ProWellness Diabetes Manage-
ment System. 

Innovation studies have produced multiple interpretations of the early 
phases of technological innovation. Some of these accounts were reviewed by 
examining in which organizational locus the early phases of innovation usually 
take place and what the organizational positions are of the initiators. Further-
more, it was examined whether innovation studies provide answers to the 
questions of what motivates the initiators and what their key actions are.  

In contrast to other accounts reviewed in this study, the systems approach 
developed by evolutionary economists bypasses the issue of the early phases of 
single innovations since the early versions of innovations are not economic 
entities (Kline & Rosenberg 1986, 283–284; Fagerberg 2005, 5). Management 
literature has addressed the early phases of innovation since the initiation of 
innovation may result in a competitive advantage for a firm (cf. Nonaka & 
Takeuchi 1995, 6). There are even management models for the initiation of 
innovation, such as the lead user method designed for new concept develop-
ment (von Hippel 1988; 2005). The history and sociology of technology has also 
addressed the early phases of technological innovations and showed that, since 
the beginning, the developers define and solve not only technical problems but 
also organizational, economic and political questions that are indistinguishable 
from technical problem solving (cf. Hughes 1983). 
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This study proposes that if the question of the agency of the initiator of in-
novation is left open, there is a danger that innovative activities will be solely 
explained by individual talent, intuition or tacit knowledge. These “hero” or 
genius theories of invention have been heavily criticized in philosophy, sociol-
ogy and psychology since the 1980s (Miettinen 1996; 2006). In order to avoid 
individualistic and ahistorical accounts of agency, this study applied the 
concept of activity system developed by cultural-historical activity theory 
(Engeström 1987). Through concentrating on the historical development of an 
activity system, such as a working community in which an individual partici-
pates, it is possible to give explanations for the motivation required for the 
tedious and long-term efforts leading to innovation (cf. Miettinen 1999).  

In this study, the empirical analysis of the early phases of technological in-
novation brought up an additional research issue. The innovations were 
initiated by people outside or at the periphery of the relevant field of expertise 
and the technological community of the established industry. The second issue 
addressed by this study was, then, to elaborate on the questions of why and by 
what means people outside the established industry initiate innovation proc-
esses. By studying the historical development of the initiators’ activity systems, 
it was shown that the initiators faced severe contradictions within their work 
activities. These contradictions were, among others, a lack of applications for an 
end product in an industrial activity and insufficient research tools in the 
activity of a research group. The contradictions entailed transformative interest 
that urged on novel actions, which, in the long run, resulted in the initiation of 
innovation. The novel actions comprised deliberate learning efforts, product 
development work, and the building of a collaborative network. 

While innovation literature commonly associates the initiation of innova-
tion with knowledge, learning and problem solving (e.g. Nonaka & Takeuchi 
1995), this study puts forward a slightly divergent conclusion. When an inno-
vation process is initiated by people outside the relevant fields of expertise, 
severe and long-lasting contradictions within participants’ activity systems are 
the source of innovation preceding any efforts of knowledge creation, learning 
and problem solving. Similarly, the researchers of the Minnesota Innovation 
Research Program argue, on the basis of fourteen studies of technological 
innovations, that shocks, such as budget crises and project failures, activate 
people to take novel actions in addition to normal work routines and organiza-
tional procedures (Van de Ven et al. 1999, 23–30). 

The third aim of the study at hand was to understand what role learning 
plays amongst the collaborative acts carried out in the early phases of product 
innovation. It was noted that the concept of learning has gained currency in 
innovation studies even though there is lack of both tenable theories and 
concrete empirical studies on learning processes. On the basis of the literature 
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review, which examined the applications of organizational learning in innova-
tion studies, it was suggested that these applications promote a firm-specific 
and managerial view of the learning process. In other words, these applications 
may not help in the understanding of interorganizational learning processes 
that cross firms’ boundaries and may also exaggerate the importance of mana-
gerial means in promoting learning. 

This study aimed at advancing the concept of networks of learning as de-
fined in organizational studies (Powell et al. 1996). A network of learning refers 
to a network form of organization in which know-how and resources are 
pooled across organizational borders in the absence of market-based or hierar-
chical relations (Powell 1990). It was suggested that activity theory can offer 
means for studying the quality of learning processes in networks of learning. 
Quality of learning is not usually tackled in network studies of innovation that 
analyze formal ties, such as corporate agreements and patents (cf. Powell & 
Grodal 2005). The long-lasting contradictions and transformation processes in 
collaborators’ activity systems may explain why the participants engage in 
informal network collaboration and pool resources and know-how even though 
no money is transferred nor are contractual relationships established. It was 
further suggested that these transformation processes are crucial for explaining 
the product innovation process in which partners are from different fields of 
expertise and are new to each other yet agree to collaborate without obvious 
incentives.  

The three innovations addressed by this study were analyzed from the 
point of view of networks of learning. The interorganizational learning proc-
esses were studied as a dynamic co-evolution of the collaborative network and 
the object of development work (cf. Miettinen 1998). It was shown that net-
works of learning may emerge even across different fields of industry and 
expertise. In these circumstances, collaborators’ involvement in and contribu-
tion to the network of learning were understandable by observing the historical 
developments and transformations taking place within collaborators’ activity 
systems. These were, among others, a growing dissatisfaction with existing 
tools in a user activity and the search for how to expand a research agenda in a 
research activity. While the participants were from different fields of expertise 
and lack common professional interests as such, the opportunities and dilem-
mas faced with the object of development work provided a common ground for 
mutual and complementing development and learning efforts. When the shared 
object of development work had finally crystallized and materialized in an 
application, it culminated in a new combination of resources and know-how 
from the distant fields of expertise.  

This analysis of networks of learning was supplemented by the considera-
tion of how network collaboration and learning change during formalized 
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product development work and the commercialization of innovation. It was 
shown that the original network form of organization that relied on comple-
mentary strengths, flexibility and an open atmosphere was easily eroded by 
hierarchical and market-based relations when the developers had finally 
created applications whose commercial potential and usefulness were evident. 
These changes occurring during the commercialization and implementation 
phases easily obscured the distributed, multivoiced and tentative character of 
the original network collaboration. 

This study addressed the early phases of technological innovation, the role 
of outsiders as initiators, and interorganizational learning processes across 
distant fields of expertise. These phenomena still require further attention from 
researchers and policy makers concerned with innovation activities. It is 
commonly acknowledged that innovation is basically a “new combination” of 
existing resources and know-how (Fagerberg 2005, 6). Intensifying competition 
between firms diminishes the opportunities of finding a new combination that 
is not already detected within the borders of one industry. Therefore, searching 
for new resources and know-how across distant fields of expertise becomes 
more and more relevant. This study showed that effective network collabora-
tion across fields of expertise may emerge even without money-based or 
contractual relationships if the collaborators are driven by long-term motives to 
transform and expand their activities. These underlying motives form an 
uncharted reservoir of willingness and persistence to carry out novel actions 
that may, finally, contribute to the development of technological innovations. 
From the point of view of innovation policy, this study shed light on informal 
”grass-roots” development work that combined developers from distant fields 
of expertise before policy makers detected the possibility of such cooperation or 
policy instruments were developed to support cooperative efforts. 

This study is part of activity-theoretical studies that aim at exploring net-
works of interacting activities instead of studying the development of single 
activities (cf. Engeström 2001). I suggest that activity-theoretical studies of 
technology in a network setting benefit from the idea of studying the simulta-
neous development of an artifact and the collaborative network connected to it. 
This idea was originally presented in sociology and history of technology 
(Callon & Latour 1981). This study followed the development of an artifact, 
which was understood as a shared object of development work in activity-
theoretical terms, from sketches to applications, and analyzed how the collabo-
rative network evolved alongside the development work. From the activity-
theoretical point of view, this study aimed at proving that it is possible to 
scrutinize the horizontal interaction or “sideways learning” (Engeström 2001) 
between activity systems, to explain the motive for collaboration by concentrat-
ing on the historical development of activity systems, and to give feedback to 
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the collaborative network by eliciting the results achieved by activity-theoretical 
analysis.
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5   AN OVERVIEW OF THE ORIGINAL ARTICLES AND 
NOTES ON DATA AND VALIDITY 

 
 
5.1   Research design and original articles 
 
The starting point of this study was the goal of contributing to the qualitative, 
longitudinal research on network collaboration in technological innovation.31 
The innovations of Benecol margarine (Benecol), the Nordic Mobile Telephone 
(NMT) system, and the ProWellness Diabetes Management (PDMS) informa-
tion system were selected on the basis of the following general criteria:  

1) The innovation met the basic definition of a technological innovation 
(the successful implementation of a technical idea that is novel for the 
developers and users of the innovation). In addition, the innovation 
was a product innovation aimed at consumer or professional markets, 
in contrast to a process innovation. 

2) There were signs of interorganizational collaboration in the develop-
ment work and commercialization. 

3) The research subjects were willing to participate in the research, and 
confidentially agreements or other restrictive procedures did not ham-
per data collecting or publishing. 

The innovation of Benecol that is addressed in Articles I and II was devel-
oped in Finland between 1986 and 1995. It was one of the first functional foods 
with international markets and recognition.32 The main feature of the product is 
its considerable lowering effect on the cholesterol levels in human serum. Dur-
ing the development work, the expertise and resources of food chemistry, wood 
chemistry and the medical science of human lipid metabolism were combined 
in a complementary manner. The product was commercialized in the domestic 
market in 1995 and in the international market in 1999. Article I focuses on the 
early development work of Benecol, while Article II concentrates on the 
                                                 
31 This study was carried out in conjunction with larger Finnish research projects that 
contributed to the basic understanding of network collaboration in the development work and 
implementation of technological innovation. These research projects had not only academic 
objectives but also practical and policy-oriented concerns. The main results of the projects were 
published in Finnish textbooks (Miettinen et al. 1999; 2003). 
32 A functional food refers to a food product that has disease-preventing or health-promoting 
qualities that are backed up by medical evidence. 
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commercialization phase. In the former, I pay attention to methodological 
issues of studying collaborative networks in technological innovation and 
compare the research frameworks and the network concepts of actor-network 
theory (Law & Hassard 1999) and cultural-historical activity theory (Engeström 
et al. 1999). The research interest lies in understanding how the collaboration 
was carried out by partners from different fields of science and industry during 
the prolonged period of the creation and development of Benecol. In Article II, I 
follow the commercialization work of Benecol in Finland and the US between 
1990 and 2000. In particular, I analyze how medical collaboration and research 
were utilized, in multiple ways, to create credibility and markets for the 
product. In this research task, I apply, in a preliminary manner, the concept of 
the cycles of credibility derived from the sociology of science (Latour & Wool-
gar 1979). 

The second innovation addressed by this study is the NMT. The develop-
ment work of the NMT is analyzed in Article III, which is co-authored with 
Reijo Miettinen. The NMT was the first multinational, standardized mobile 
telephone system in the world. It was collectively designed by the Post, Tele-
graph and Telephone (PTT) government agencies of Finland, Sweden, Norway, 
and Denmark between 1969 and 1982. The NMT system was implemented in 
the Nordic countries in 1981 and 1982. Afterwards, the system was taken into 
use in several other countries and formed an important point of reference when 
the next-generation mobile telephone systems, such as the GSM, were designed. 
Various forms of expertise on radio and telephone engineering were utilized in 
the development work of the NMT, and equipment manufacturers had consid-
erable involvement in the design. The core of the development work consisted 
of standardization work, which meant the creation of systems descriptions and 
specifications for system components. This study analyzes how learning and 
problem-solving efforts were carried out in the standardization work in 
collaboration with the manufacturers. The analysis utilizes the concept of 
critical problems derived from the history of technology (Hughes 1983).  

The third innovation addressed by this study is the PDMS information 
system. The development and implementation of the PDMS is analyzed in 
Article IV, which is co-authored with Sampsa Hyysalo. The PDMS was one of 
the first internet- and intranet-based health care information systems. The first 
version of the database was designed by software engineers and diabetes 
specialists in Finland between 1996 and 1998. Since then, the system has had 
many version upgrades as the needs of different professional groups of diabetes 
care have been incorporated into the program. By 2001, the PDMS was in 
general use in Finnish diabetes care. This study focuses on user collaboration 
and participation during the development and implementation of the PDMS. 
The main research interest is to elaborate on the question of how different user 
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groups were involved in the development work and whether the mode of user 
collaboration could be further developed. In contrast to Articles I–III, Article IV 
describes researcher-driven interventions that are affected by the 
methodological insights of Participatory Design (PD) literature (Schuler & 
Namioka 1993) and activity theory (Engeström 2000).  

While improving the understanding of network collaboration in tech-
nological innovation is the driving and unifying force of this study, Articles II–
IV also encompass supplementary research aims that are not contemplated in 
this summary. The study on Benecol in Article II contributes to the social 
research on the emergence of functional foods in Western regulatory systems, 
industrial activities and consumer markets (e.g. Urala 2005). The study on the 
NMT in Article III contributes to the social research on standardization prac-
tices of information and communications technologies (ICT) (e.g. Jacobs 2000). 
The study on the PDMS in Article IV is part of the social research on the 
implementation of information systems in health care (e.g. Berg et al. 2003). The 
previous contributions are outside the focus of this summary. The characteris-
tics and primary research schemes for the technological innovations analyzed in 
Articles I–IV are summarized in Table 5.1. 



 

 84

Table 5.1 The characteristics and research schemes for the technological 
innovations analyzed in Articles I–IV 

 

Article [1] 
Studying 
Innovation 
Trajectories and 
Networks: The 
Case of Benecol 
Margarine 

[2]  
On the 
Borderline of 
Food and Drug: 
Constructing 
Credibility and 
Markets for a 
Functional Food 
Product 
 

[3]  
Standardisation 
in the Construc-
tion of a Large 
Technological 
System – the 
Case of the 
Nordic Mobile 
Telephone 
System 

[4]  
An Activity-
Theoretical 
Method for 
Studying User 
Participation in 
IS Design 

Innovation Benecol 
margarine 
 

Benecol 
margarine 

The Nordic 
Mobile 
Telephone 
(NMT) system  

The ProWell-
ness Diabetes 
Management 
System (PDMS) 

Technical and 
scientific fields 

Food chemistry, 
wood chemis-
try, the medical 
science of 
human lipid 
metabolism 

Food chemistry, 
the medical 
science of 
human lipid 
metabolism  

Radio and 
telephone 
engineering 

Software 
engineering, 
diabetes care 

Spatial scene Finland Finland, the US The Nordic 
countries 

Finland 

Time period 
under analysis 

1981–1995 1990–2000 1969–1982 1995–2001 

Focus of 
analysis 

Network 
collaboration in 
the early phases 
of development 
work 

Network 
collaboration  
in the commer-
cialization 
phase 

Standardization 
work with 
industrial 
partners in the 
development of 
the system 

User collabora-
tion in the 
development 
and implemen-
tation phases 

Main research 
problem 

How did the 
partners from 
different fields 
of science and 
industry 
collaborate? 

How were 
medical 
collaboration 
and research 
utilized to 
create credibil-
ity and markets 
for the product? 

How did the 
developers and 
manufacturers 
collaborate in 
the learning and 
problem-solving 
efforts of 
standardization 
work? 

How were 
different user 
groups involved 
in the develop-
ment work? 
Could the mode 
of user 
collaboration be 
further 
developed? 
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5.2   Data collecting  
 
The research on Benecol and the NMT employed historical methods, whereas 
the research on the PDMS combined historical analysis with the ethnography of 
the user sites and researcher-driven interventions. In general, the data collecting 
started from secondary source materials and proceeded to primary source ma-
terials (documents that were created at or near the time being studied) and 
interviews. In the beginning, secondary source materials, such as textbooks and 
scientific articles, were used to orient to technical subject matters, relevant 
concepts and jargon. After a preliminary acquaintance with the subject, the data 
collecting followed a ”snowball” method (Bijker 1995, 46). Relevant literature 
and other secondary source materials, such as newspaper articles, were used to 
identify key persons and document sources of the innovation. The persons 
identified were then interviewed and asked to name more key actors and 
source materials. The same applied to source materials that were utilized to 
detect more informants and sources. The interviews and the research on source 
materials continued until no new key actors or documents could be identified.  

The data collecting for Article I (Benecol) was conducted between 1997 and 
1999. The analysis started from secondary sources, which covered scientific 
articles, business brochures, stock exchange bulletins, and magazine and 
newspaper articles. These sources familiarized me with the technical and 
scientific fields in question, such as food chemistry and the medical science of 
human lipid metabolism. They also supported the planning of the interviews. 
Twelve key persons were interviewed. The interviewing technique was based 
on loosely structured questionnaires that were constantly updated on the basis 
of the interviews and document collecting. For instance, if an interviewee had 
highlighted a specific incident in the collaboration, this incident was checked 
again with another interviewee. All the interviews were recorded and tran-
scribed. The interviewees provided unpublished material, such as project 
memorandums, correspondence and contracts. In addition, patent documents 
were important primary sources. However, the collection of source materials 
was almost curtailed when access to original project documents was denied by 
the developer firm. Access was obtained later on, since interviewees from 
different organizations contradicted each other about the commencement of the 
network collaboration, and the developer company was willing to defend its 
view with the original documents. Article II was based on the same data 
collecting as Article I, since both the articles addressed Benecol. Between 2001 
and 2002, the data collection for Article II was complemented by the following 
document sources: official documents from Finnish and US food authorities, 
scientific articles, stock exchange bulletins, and news agency bulletins. 
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The data collecting for Article III (the NMT) was conducted between 1997 
and 1999 by the first author. In comparison to Article I and II, the data collection 
was a similar process with the exception of rich primary source materials. The 
data collecting started from secondary source materials, such as textbooks, 
biographies, and existing research on the NMT. Only four interviews were 
conducted, recorded and transcribed for two reasons. The NMT was designed 
in four Nordic countries, and only a few key persons resided in Finland. As two 
decades had elapsed since the design work, most of the key persons had retired. 
Instead of interviews, primary source materials formed the backbone of the 
data collecting. The archives of the NMT group (the developer organization) 
were stored at the Provincial Archive in Uppsala, Sweden. A total of ~3500 
pages of these documents were copied and analyzed. The archive material 
dated from the end of the 1960s to the beginning of the 1980s. It comprised 
various types of documents, such as specification documents, protocols of the 
meetings, correspondence and personal notes of the group members.  

The data collecting for Article IV (the PDMS) was more versatile than for 
Articles I–III. It was accomplished jointly with the co-author between 1999 and 
2001. It consisted of three phases: historical analysis, the ethnography of the 
user sites, and researcher-driven interventions. For the historical analysis, four 
developers and five users who had participated in development work were 
interviewed. These interviews were recorded and transcribed. The interviewees 
provided the original documents of the development work, such as e-mail 
correspondence, program sketches, and personal notes. Beside the development 
work of the PDMS, the historical analysis expanded to concern the develop-
ment projects of other diabetes databases in Finland (a total of 21 programs). 
The data was collected through telephone and personal interviews that covered 
professionals in every hospital district in Finland. The 21 people who had been 
involved in the development or use of the diabetes databases were interviewed 
with the help of a semi-structured questionnaire. These interviews were 
recorded but not transcribed. Additionally, the historical analysis expanded to 
the study of the societal change in diabetes care in Finland. Data for this 
research task was primarily gathered through secondary sources such as 
research literature. In addition, the researchers participated in a consensus 
conference of diabetes care in 2000, and a few diabetes professionals were 
interviewed about the theme. 

The data collecting for Article IV comprised the ethnography of the user 
sites of the PDMS. In 2000 and 2001, the researchers conducted ethnography in 
two primary care units that used the PDMS in Finland. Thirty patient receptions 
were observed over four days. Data collecting was carried out by observing and 
writing field notes, as well as by videotaping the patient receptions. The use of 
the PDMS was also observed in the receptions. Users, such as general practitio-
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ners and nurses, were interviewed after every reception and asked to think 
aloud when they used the program alone. The researchers compared their 
findings and notes after every day of ethnography. Afterwards, videotapes 
were used for checking and clarifying the field notes.  

In 2000, the researchers organized a user seminar jointly with the devel-
oper company. All the PDMS user sites and some potential new users were 
represented. In the user seminar, the researchers conducted an intervention by 
giving feedback about the preliminary results of the historical analysis to the 
participants (cf. Hasu 2001). The presentation was followed by a free discussion 
with the participants. The user seminar was recorded and transcribed. In 2001, 
two small feedback meetings were organized by the researchers. In these 
meetings, feedback about the ethnography was given to the developer company 
and a user site. The feedback meetings were informal in character and not 
recorded. 

 
 

5.3   Issues of validity 
 
Historical research on technological innovations contains some analytical 
problems. First, written material is scarce. There are many reasons for this scar-
city, such as the participants not prioritizing documentation during develop-
ment work, the poor archiving of documents, or the unavailability of docu-
ments due to business and professional secrets. Second, interviews are prob-
lematic data as years have passed since the events of development work and 
interviewees memorize events selectively or favorably from their own personal 
points of view. Third, sources are often at variance with each other. For in-
stance, interviewees’ views frequently contradict each other.  

The problems mentioned above are not only analytical problems, but they 
also challenge the reliability and validity of the research. Sociologist of technol-
ogy Bruno Latour suggests that innovation processes always contain multiple 
perspectives resulting in multiple interpretations (Latour 1996a, 170). Moreover, 
he suggests that the researcher’s perspective is not superior to the perspective 
of the research subjects but only additional. In reporting, the views of various 
research subjects should be presented equally (in the form of document and in-
terview excerpts) with the researcher’s own account. This ”laissez-faire” 
research intends to solve problems deriving from the so-called positivist 
research that takes for granted a single reality common for all and aims at 
producing an equivalent objective account of this reality (cf. Latour 1996a). An 
obvious problem with multiple interpretations is, however, the risk of a 
cacophony: multiple interpretations do not encounter each other but form a pile 
of accounts that is both incommensurable and inaccessible. In this study, the 
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presence of multiple interpretations of collaboration in innovation is acknowl-
edged as a starting point. Nevertheless, it is the researcher’s responsibility and 
task to make these multiple interpretations encounter each other in the analysis 
and produce sufficient commensurability. In the following, the methods of 
source criticism, triangulation and dialogue are presented as means of manag-
ing multiple interpretations. It is argued that these methods also have an effect 
on the validity of the research (cf. Miettinen 1993).  

Source criticism is a standard procedure of historiography that emphasizes 
the critical use of original document sources. External source criticism concerns 
the past circumstances in which the document was created and for what 
purpose it was produced. At what point of time, where, by whom and to whom 
the document was created as well as the authenticity of the document are the 
primary questions of external source criticism. Internal source criticism con-
cerns the relationship between the document and past reality. In internal source 
criticism, the question of what the document can prove from past events is 
constantly under evaluation. This implies the following questions: how close 
has the writer been to the events she is describing, what was her purpose, what 
was the purpose of the document, and how did cultural surroundings affect the 
writer and the document (Gottschalk 1951, 139–171)? Besides documents, the 
insights of internal source criticism are applicable to interview data. In an 
interview, the point of view and purpose of an interviewee should be critically 
assessed by the researcher. It is obvious that, for instance, an executive director 
of a firm has a different perspective and purpose in an interview in comparison 
to a worker on the shop floor. 

In this study, internal source criticism was in use both in the analysis of 
document and interview data. External source criticism, such as the dating of 
documents, was not problematic and did not require research efforts in most of 
the cases. The personal notes of the research subjects were the most valuable 
document source. There are two reasons for this. First, the personal notes were 
usually written during a collaborative event, such as a meeting, which was of 
direct relevance to the aims of this study. Second, the personal notes were 
written for the purpose of supporting the subjects’ personal memory and 
thinking. They did not usually presuppose other recipients, which could have 
complicated the information content. The problem with personal notes was that 
they were usually fragmentary. However, other data sources, such as the 
protocols of the meetings, assisted in recognizing the chain of events of which 
personal notes were part.  

In interviews, internal source criticism was applied for two purposes. First, 
internal source criticism led to the search for people who were as close as 
possible to the development work and collaborative efforts. As a rule, this 
meant interviewing low-rank engineers and researchers in addition to the 
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executive management. Second, the relationship between the interviewee and 
past events, as well as her role, was evaluated. A common problem with the 
interview data was that interviewees tended to rationalize their past efforts and 
to ignore mistakes or side paths of the development work. This problem has 
been recognized for decades (Fleck 1935/1979) and is due to the temporal 
distance between events and a person. Internal source criticism helped in 
identifying this problem, but the solution was to apply an additional method, 
triangulation.  

Triangulation, the comparison of different kinds of data and methods, was 
used extensively in this study (Denzin 1989, 234–247). First, source materials 
and interview data were used in a complementary manner. Documents were 
utilized to date exactly certain events and to identify the subject matter that was 
addressed in these events. Interviews were less certain data in this respect, but 
they produced necessary information about the environment and background 
of the events. Second, informant triangulation was employed in the interviews. 
Multiple interviewees were searched for, and their accounts were compared 
with each other. Third, the same set of data was analyzed from the point of 
view of different methodological frameworks, such as network approaches of 
actor-network theory and activity theory. As David Silverman (1993) notes, 
triangulation is not a simple means of achieving a complete picture of the 
research object or securing the validity of the research. The researcher should be 
aware of the context-bound and skillful character of social interaction 
(Silverman 1993, 158). This is in accordance with the acknowledgment of 
multiple and context-bound perspectives on the collaborative actions in 
innovation. Triangulation did not purify one objective account of the collabora-
tions. It confirmed some of the interpretations, disproved others and even 
produced new ones.  

In addition to the application of source criticism and triangulation, dia-
logue played an important role in the data analysis of this study. Steinar Kvale 
(1995, 30–32) advocates the use of dialogue with the participants of the study in 
order to facilitate communicative validation of the research results. The 
challenge of using dialogue is that research subjects may not be able to follow 
the researchers’ argumentation or that they do not have an interest in it 
(Silverman 1993, 159). Communicative validation is not a simple means of 
achieving validity, but the researcher should be careful when making claims 
concerning validity on the basis of dialogue. In many cases, dialogue provides 
an additional data source. Dialogue was utilized in the following ways in this 
study:  

1) Dialogue in interviews. The researcher presented the interviewee with 
insights that were obtained from earlier interviews with other inter-
viewees. Likewise, the researcher’s preliminary results or hypothesis 
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were presented to the interviewees when these were available. The 
dialogue in the interviews both guided the research process in terms of 
verification and produced new data. It resembled the approach of the 
active interview (Holstein & Gubrium 1995). 

2) Dialogue in reporting. All the cases of this study were first published in 
Finnish reports (Miettinen et al. 1999; Miettinen et al. 2003). These re-
ports were written for a larger national audience than a research com-
munity. Prior to publishing, the text addressing the particular innova-
tion was sent to the research subjects for comments. The research sub-
jects were active and produced a large amount of feedback in the form 
of letters and personal communication. In the case of reporting the re-
search results on Benecol (Articles I & II), the developer firm became 
active and offered the researcher documents that were previously clas-
sified. In addition, the firm convened a feedback meeting in which new 
informants were available for interviewing. Without the action of re-
porting, this important dialogue and access to new data would not 
have occurred.  

3) Dialogue in a research community. The researcher co-authored two 
articles of this study. This provided scientific dialogue on the data and 
results on a daily basis. The researcher participated in the weekly meet-
ings of the research group on innovations and organization of research 
work at the Center for Activity Theory and Developmental Work 
Research at the University of Helsinki. The conference papers and arti-
cle manuscripts of the cases were presented and discussed frequently 
in these meetings. Preliminary results were written in research papers 
that were presented and discussed at conferences, workshops and 
doctoral colloquiums in the field of science and technology studies 
(STS). The publication of articles in journals followed normal 
procedures of scientific review and feedback.  

Source criticism, triangulation and dialogue did not aim at producing a fi-
nal objective account of network collaboration in technological innovation. 
These innovations have provided and still continue to provide opportunities for 
multiple interpretations. The methods of validation were used with the aim of 
securing the depth and richness inherent in the phenomena studied (cf. Denzin 
& Lincoln 2005). In other words, my research intention was to avoid the pitfalls 
of anecdotal research that result in ignorance of the quality and subtlety of data 
sources and in the deliberate selection of data to fit the premises of the research 
(cf. Silverman 1993, 153).  
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