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Summary 

 

Title: On Development of Technology Assessment: Towards a Methodology of Socially 

Acceptable Innovations – Chance and Necessity of Participation - 

 

Technology development has a two-fold challenge for society. It may provide possibility to 

socially desired progresses, meanwhile bringing unwanted effects partly consisting 

negative ones. The extreme practices of ‘trial and error’ and ‘stop everything’ should be 

balanced in order to utilise the positive social effect capacity of innovation possibilities 

while minimising the potential negative social effects according to society’s mobilisable 

heterogeneous knowledge-base involving implicit and explicit dimensions. Risk 

management needs to develop methods that advance technologies that are socially 

acceptable, environmentally friendly and their innovation processes are feasible. Methods 

should reflect the characteristics of technology development and of technology originated 

risk, furthermore of innovation processes and capable of incorporating both risk 

assessment and innovation management aspects. Approaches based on participation and 

precaution emphasising qualitative aspects of risk assessment need to be implemented 

complementary to quantitative risk assessment. Technology assessment represents the 

realization of risk management on the social level. Evolution of assessment and foresight 

methodologies leads to synergy of technology assessment and foresight, also evaluation for 

enhancing performance of each intelligence, furthermore incorporates sustainability within 

the emerging concept of prospective technology analysis that builds on participation-based 

constructive form of technology assessment. Constructive technology assessment moves 

toward to integrate further aspects beyond classical risk management orientation of 

technology assessment and also provides a possible methodology for the development of 

both incremental and more significantly of breakthrough innovations needing framework 

for social robustness. It requires democratic society as a prerequisite background, but also 

can be utilised as a constructive ‘fourth spiral’ element in technology development 

processes of all institutional spheres. Through systematic inclusive processes, value 

plurality and knowledge of society enhances the development of socially acceptable 

innovations, meanwhile establish higher level of risk governance. 
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Összefoglalás 

 

Cím: A technológia hatáselemzés fejlődéséről: a társadalmilag elfogadható innovációk 

metodológiája felé - A participáció lehetősége és szükségessége - 

 

A technológia fejlesztés kettős kihívás elé állítja a társadalmat. Egyfelől lehetőséget teremt 

társadalmilag kívántos fejlődésre, miközben nem szándékolt hatásokat hordoz magában, 

amelyek egy része negatív jellegű. A ‘próbálkozás és hibázás’, illetve ‘minden megállítása’ 

szélsőséges gyakorlatait ki kell egyensúlyozni annak érdekében, hogy az innovációs 

lehetőség pozitív társadalmi hatásai hasznosíthatók legyenek, míg a lehetséges negatív 

hatások minimalizálhatóak lehessenek a társadalom mobilizálható heterogén, implicit és 

explicit dimenziókkal rendelkező tudásbázisa alapján. A kockázatmenedzsment 

társadalmilag elfogadható, környezetbarát módon megvalósítható innovációs folyamatokat 

segítő módszerek kidolgozását igényli. Ezek a módszerek alkalmasak kell, hogy legyenek 

a technológia fejlesztés és a műszaki eredetű kockázat, illetve az innovációs folyamatok 

jellegzetességeinek kezelésére, továbbá mind kockázatelemzés (risk assessment) és 

innovációmenedzselési aspektusok integrálására. Participáción és elővigyázatosságon 

nyugvó, a kockázatelemzés kvalitatív aspektusait hangsúlyozó megközelítéseket a 

kvantitatív kockázatelemzés kiegészítőjeként kell alkalmazni. A kockázatmenedzselés 

társadalmi szintű megvalósítását a technológia hatáselemzés képviseli. A hatáselemzés és 

előretekintés metodológiáinak fejlődése a technológia hatáselemzés, technológiai 

előretekintés, illetve értékelés közötti szinergia kibontakozásához vezet, amely mindhárom 

intelligencia-típus teljesítményfokozásának lehetőségét kínálja, továbbá a most megjelenő 

várható technológia elemzésének koncepciójában magában foglalja a fenntarthatóság 

dimenzióját is. 

A konstruktív technológia hatáselemzés elmozdulást mutat a klasszikus technológia 

hatáselemzés kockázatmenedzselési orientációjától további aspektusok integrálása felé, és 

lehetséges metodológiát nyújt mind inkrementális, mind -lényegesebben- az áttörő 

innovációk fejlesztésére, mely utóbbiak társadalmi robosztusság keretének kidolgozását 

kívánják meg. Ez előfeltételként igényli a demokratikus társadalmat, ugyanakkor 

konstruktív ’negyedik spirálként’ hasznosíthatja azt minden intézményi szféra technológia 

fejlesztési folyamatában. Szisztematikusan alkalmazott participatív módszerek 

alkalmazásával a társadalom érték pluralitása és tudása elősegítheti társadalmilag 
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elfogadható innovációk létrehozását és nagyobb mértékű demokratikus kockázat-

kormányzás elérését. 
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Abstract 

 

Title: On Development of Technology Assessment: Towards a Methodology of Socially 

Acceptable Innovations – Chance and Necessity of Participation - 

 

The Ph.D. Thesis analyses the evolution of technology assessment towards a methodology 

of developing technologies that are socially acceptable, environmentally friendly and their 

innovation processes are feasible. It analyses the simultaneously appearing chance and 

necessity of systematic public participation, which systematic inclusive process through 

mobilising heterogeneous value and knowledge-base of society may enhance the 

development of socially acceptable innovations, meanwhile establishes higher level of risk 

governance. In emphasised manner analysed is constructive technology assessment moving 

toward the integration of further aspects beyond classical risk management orientation of 

technology assessment, and its possibilities in the development of innovations highly 

requiring framework for social robustness. 

 

Kivonat 

 

Cím: A technológia hatáselemzés fejlődéséről: a társadalmilag elfogadható innovációk 

metodológiája felé - A participáció lehetősége és szükségessége - 

 

A doktori disszertáció a technológia hatáselemzés társadalmilag elfogadható, 

környezetbarát módon megvalósítható innovációs folyamatokat segítő módszerek 

kidolgozása felé történő fejlődését vizsgálja. Elemzi a nyilvánosság rendszeres 

bevonásának párhuzamosan megjelenő lehetőségét és szükségességét, amely 

alkalmazásával a társadalom heterogén érték és tudásbázis mobilizálása elősegítheti a 

társadalmilag elfogadható innovációk létrehozását és nagyobb mértékű demokratikus 

kockázat-kormányzás elérését. Kiemelten vizsgált terület a klasszikus technológia 

hatáselemzés kockázatmenedzselési orientációjától további aspektusok integrálása felé 

elmozdulást mutató konstruktív technológia hatáselemzés, és lehetőségei innovációk 

fejlesztésében, amely kiemelten igényli a társadalmi robosztusság keretének kidolgozását. 



 

 v   

Acknowledgements 

 

 

I would like to express my acknowledgement to those who have contributed to the 

background research and to the accomplishment of my Ph.D. Thesis. 

I am especially grateful for the invaluable advice and helpful suggestions of my professor 

Prof. Dr Imre Hronszky (Head of Department, Department of Innovation Studies and 

History of Technology, Budapest University of Technology and Economics). 

I wish to acknowledge the support, and the advice of Dr. Lars Klüver (Director of 

Secretariat, Danish Board of Technology, Copenhagen), who has also provided me the 

opportunity to visit the consensus conference on human genetic testing at the Danish 

Parliament and personally observe the operation of the participative method. 

I wish to greatly thank Dr. Karen Siune (Director, The Danish Institute for Studies in 

Research and Research Policy, Aarhus), Prof. Erling Jelsøe (Associate Professor, 

Department of Environment, Technology and Social Studies, Roskilde University), Prof. 

Christian Clausen (Associate Professor, Innovation and Sustainability, Department of 

Manufacturing Engineering and Management, Technical University of Denmark, 

Copenhagen), Prof. Michael Søgaard Jørgensen (Associate Professor, Innovation and 

Sustainability, Department of Manufacturing Engineering and Management, Technical 

University of Denmark, Copenhagen) and Prof. Arne Remmen (Associate Professor, 

Department of Development and Planning, Aalborg University), their indispensable help in 

my work by providing information and generously contributed with suggestions and advice 

to my research on constructive technology assessment. 

I am grateful for the possibility of having the opportunity to also make interviews with Dr 

Torben Jørgensen (Health Technology Assessment Adviser, Danish Centre for Evaluation 

and Health Technology Assessment, Copenhagen), Dr Helga Sigmund (Adviser, Danish 

Centre for Evaluation and Health Technology Assessment, Copenhagen), Dr Birgitte 

Rasmussen (Senior Scientist, Systems Analysis Department, Risø National Laboratory, 

Roskilde) and Søren Løkke (Ph.D. student, Department of Development and Planning, 

Aalborg University) on the issues of technology assessment, technology foresight and 

precautionary principle. 

I am grateful for Prof. Simon Joss (Researcher, Imperial College of London) and Prof. 

Erling Jelsøe (Associate Professor, Department of Environment, Technology and Social 

Studies, Roskilde University) for their consultancy on participative methods after the 



 

 vi   

‘International Summer Academy on Technology Studies: Technology and the Public’ in 

Deutschlandsberg. 

Furthermore, I would like to thank Prof. Dilek Cetindamar (Associate Professor, Graduate 

School of Management, Sabanci University) her consultancy on educational aspects of 

CTA after a UN conference in Istanbul. 

I wish to greatly acknowledge the help of Prof. David Wilkinson (Associate Dean, Faculty 

of Law and Management, and former Head of School, Graduate School of Management, 

La Trobe University), Prof. Geoffrey Durden (Head of School, La Trobe University, 

Graduate School of Management), Dr Sanjoy Bose (Senior Lecturer, La Trobe University, 

Graduate School of Management), Dr Richard Pech (Senior Lecturer, La Trobe University, 

Graduate School of Management), Dr Bret Slade (Senior Lecturer, La Trobe University, 

Graduate School of Management), Dr Kok-Boon Oh (Senior Lecturer, La Trobe 

University, Graduate School of Management), Susan Bell (Director, La Trobe University 

R&D Park), Dr Labrini Nassis (Ph.D. Student, La Trobe University, Graduate School of 

Management) in my research on innovation management, entrepreneurship and intellectual 

property management. 

 



 

 vii  

Preface 

 

 

I. Aims of the Ph.D Thesis 

 

I intend in the Ph.D. Thesis, to analyse the development of technology assessment towards 

a methodology of developing socially acceptable, sustainable innovations providing 

framework for both the management of innovation processes and innovation policy. The 

aim of the Thesis is to analyse the simultaneously appearing chance and necessity1 of 

systematic public participation, which systematic inclusive process through mobilising 

heterogeneous value and knowledge-base of society may enhance the development of 

socially acceptable innovations, meanwhile establishes higher level of risk governance. 

Further aim is to analyse constructive technology assessment moving toward the 

integration of further aspects beyond classical risk management orientation of technology 

assessment, and its possibilities in the development of innovations highly requiring 

framework for social robustness. The Thesis aims at providing ground for both 

management and policy considerations of the issue. 

 

 

II. Background Research Activities of the Ph.D. Thesis 

 

The Ph.D. Thesis is based on overall 5 years of research. The research has been carried out 

in the field of science, technology and society focusing on technology assessment, 

technology policy, innovation management and science, technology & society studies. 

Some parts of the research results have been published during this period among others for 

instance in a UN and international summer academy conference-proceedings, furthermore 

in chapters of books issued in Hungary and Germany. 

The research process has been based on the analysis of relevant literature, personal 

interviews at Danish constructive technology assessment (CTA) institutions and also 

involved in situ investigations. 

                                                 
1 Public participation as chance provides possibility to reach higher level of democracy, and with a conscious 

intention toward reaching this social goal it appears as necessity, furthermore it is also a constraint for the 
adequate management of uncertainty. 
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Major parts of the research activity have been supported by domestic, European Union and 

international funds. Beside the Hungarian State Doctorate Scholarship, the grants of the 

European Commission’s Socrates-Erasmus scholarship program and the Hungarian 

Foundation for Management Education, furthermore of the International Network of 

Universities and Peregrination Foundation of the Budapest University of Technology and 

Economics provided valuable possibility of foreign research periods in Denmark and in 

Australia. 

In Denmark the half a year in situ investigation dealt with technology assessment and 

foresight methodologies, focused mostly on Danish2 participatory-based constructive 

technology assessment in all institutional spheres, and the participative methods of 

consensus conferences and scenario workshop. 

The assessment in Australia, where I also received MBA title, focused on the analysis of 

modern innovation process practices, strategic intellectual property management, 

entrepreneurship, and technology transfer processes. 

Mostly these experiences provided the motivation towards focusing on the research of 

methodologies of developing frameworks for sustainable innovation systems in the 

advance of technologies that are socially acceptable, environmentally friendly and their 

innovation processes are feasible. 

The main findings and conclusions of the research process are presented through 

thematically selected issues mostly discussed in my publications. 

                                                 
2 Considering personal research possibility in Denmark, the Thesis concentrates on analysing Danish TA 

practice, while the similarly developed Dutch practise is not analysed. 
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Theses 

 

Thesis 1: Innovation becomes a central strategic element on multiple levels and 

realised as a non-linear, interactive process with system of feedback-

loops in an environment characterised by non-linear dynamics. 

(Chapter I.) 

Thesis 2: The evolution of assessment and foresight methodologies leads to 

synergy of technology assessment, technology foresight and evaluation 

for enhancing performance of each intelligence, furthermore 

incorporates sustainability within the emerging concept of prospective 

technology analysis. 

(Chapter II.) 

Thesis 3: Systemic public participation is required for the reflection on the 

characteristics of risk originated from technology development and for 

the establishment of higher level of democracy in the management of 

risk on social level. 

(Chapter III.) 

Thesis 4: Beside participation, appropriately balanced application of precaution 

as a well-reasoned regulatory, policy relevant principle may contribute 

to foster the development of socially acceptable and this way 

sustainable innovations. 

(Chapter III.) 

Thesis 5: The management of technology development requires participative and 

precautionary approaches for realising more qualitative aspects 

orientation in risk assessment, realised as complements of former risk 

assessment (classical TA and qRA) methods. 

(Chapter IV.) 

Thesis 6: Democratic society is a prerequisite background, but also a crucial 

constructive ‘fourth spiral’ element of technology development 

initiatives of all institutional spheres aiming at social acceptability in a 

multi-polar society consisting of different knowledge- and value-bases. 

(Chapter V.) 
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Thesis 7: In uncertain situations the consideration of value plurality and non-

homogeneous, distributed nature of knowledge becomes crucial for 

rationalising decision-making under uncertainty, in which context the 

role of constructive technology assessment moves toward to integrate 

further aspects beyond the classical risk management orientation of 

technology assessment and also provides a possible methodology with 

an emphasised special focus on the complete innovation process for the 

development of both incremental and more significantly of 

breakthrough innovations needing framework for the formation of 

social robustness.  

(Chapter VI.) 

 

 

Main Novelties of the Ph.D. Thesis 

 

According to knowledge of the author of the Thesis, the relevant literature of 

technology assessment, innovation management and innovation policy neither link 

any variant of technology assessment directly to the entire process of innovation in an 

emphasised manner nor explicitly identifies constructive technology assessment as 

basis or framework of innovation methods aiming at developing socially acceptable 

innovations. 

The Thesis provides a comprehensive analysis of the leading constructive technology 

assessment practice by presenting the Danish mode of CTA, and emphasises that 

although democratic society is considered as a prerequisite background of technology 

development initiatives of all institutional spheres in the literature, it has a potential 

to act as crucial constructive ‘fourth spiral’ element, thus this latest parallel 

recognition should be built in the understanding in a complementary manner. 
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Tézisek 
 

1. Tézis: Az innováció több szinten központi stratégiai elemmé válik, és nem 

lineáris dinamikákkal jellemzett környezetben, nem lináris és 

visszacsatolások rendszerével rendelkező interaktív folyamaton 

keresztül valósul meg. 

(I. fejezet) 

2. Tézis:  A technológia hatáselemzés és technológia előretekintés fejlődése a 

technológia hatáselemzés, technológia előretekintés és értékelés között 

kialakuló szinergia lehetőségének kibontakozásához vezet, amely 

mindhárom intelligencia-típus teljesítményfokozásának lehetőségét 

kínálja, továbbá a most megjelenő várható technológia elemzésének 

koncepciójában magában foglalja a fenntarthatóság dimenzióját is. 

(II. fejezet) 

3. Tézis:  A műszaki eredetű kockázatok jellegzetességére való reflektivitás és a 

társadalmi szintű kockázat menedzsment terén nagyobb mértékű 

demokratikus kormányzás eléréséhez szisztematikusan alkalmazott 

közbevonásra van szükség. 

(III. fejezet) 

4. Tézis: Participáció mellett, az elővigyázatosság megfelelően kiegyensúlyozott, 

és kellően indokolt, szakpolitikai alapelvként való alkalmazása segítheti 

a társadalmilag elfogadható innovációk kidolgozását. 

(III. fejezet) 

5. Tézis: A technológia fejlesztés menedzselése szempontjából társadalmilag 

kívánatos a korábbi kockázatelemzés (klasszikus technológia 

hatáselemzés és kvantitatív kockázatelemzés (quantitative risk 

assessment)) kiegészítése participatív és elővigyázatossági 

megközelítések alkalmazásával a kvalitatív aspektusokat nagyobb 

mértékben figyelembe vevő kockázatelemzésekhez. 

(IV. fejezet) 

6. Tézis: A demokratikus társadalom előfeltétel, ugyanakkor alapvető 

konstruktív ’negyedik spirál’ is az intézményi szférák technológia 

fejlesztési kezdeményezéseiben, amelyeknek célja a társadalmi 
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elfogadhatóság kialakítása egy többpólusú, különböző tudás- és érték 

bázisú társadalomban. 

(V. fejezet)  

7. Tézis: Bizonytalan helyzetekben az érték pluralitás és a tudás nem homogén, 

megoszló jellegének felismerése alapvetővé válik a bizonytalan 

helyzetekben hozandó döntések racionalizálásához, amely kontextusban 

a konstruktív technológia hatáselemzés elmozdulást mutat a klasszikus 

technológia hatáselemzés kockázat menedzselési orientációjától további 

aspektusok integrálása felé, és a teljes innovációs folyamatra fókuszálva 

lehetséges metodológiát nyújt mind inkrementális, mind lényegesebben 

az áttörő innovációk fejlesztésére, mely utóbbiak társadalmi 

robosztusság keretének kidolgozását kívánják meg.  

 (VI. fejezet) 

 

 

A Ph.D. disszertáció fő újdonságértékei 

 

A Ph.D. disszertáció szerzőjének tudomása szerint, a technológia hatáselemzés, 

innovációmenedzsment és innovációpolitika releváns szakirodalma a technológia 

hatáselemzés egyik variánsát sem kapcsolja össze hangsúlyozottan közvetlenül az 

innovációs folyamat egészével, illetve nem határozza meg nyíltan a társadalmilag 

elfogadható innovációk kidolgozását célul kitűző módszerek alapjaként és kereteként 

a konstruktív technológia hatáselemzést. 

A disszertáció átfogóan elemzi a konstruktív technológia hatáselemzés vezető 

gyakorlatát  Dánia példáján keresztül, és hangsúlyozza, hogy bár a szakirodalom a 

demokratikus társadalmat az intézményi szférák technológia fejlesztési 

kezdeményezésének előfeltételéként értelmezi, lehetősége van alapvető konstruktív 

’negyedik spirál’ elemként működni, és így szükséges lenne ez utóbbi párhuzamos 

felismerést kiegészítő módon beépíteni a témakör értelmezésébe. 
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Introduction 

 

Knowledge society not only requires more information, but the formation of new types of 

knowledge as well. The elaboration of socially and environmentally valuable innovations 

is increasingly emphasized, as the enhancement of competitiveness is more and more 

fulfilled through innovative products representing social values. Application of this 

knowledge in innovation management and strategic decision-making, furthermore its 

increased utilisation in innovation policy become significant tool. 

Analysing technology development from social aspects, it can be realised that in the last 

decades, modern society has to face the fact of being concerned with different forms of risk 

embedded in new technologies more gradually. New products and processes bring 

undoubted benefits, carry unknown and unpredictable risks. Risks mostly originate from 

the exploitation of scientific and technological possibilities. Although there are efforts to 

avoid negative consequences of changes, unintended effects do emerge through the 

innovative approaches of technological development towards the accomplishing of 

scientific and social goals. Damage mostly occurs during the process or as side effects of 

the intended result or even as a combination of the result or side effects with other 

elements of the complex system. 

The Thesis consists of six main parts. The first chapter deals with an up-to-date, 

evolutionary understanding of innovation and its challenges, furthermore analyses the 

triple helix model of university-industry-government interactions from the aspect of 

enhancing innovation. 

The next part includes the formation of technology assessment and shows the evolution of 

risk management concepts focusing on constructive technology assessment, technology 

foresight and prospective technology analysis. 

The third chapter discusses some main challenge-types originating from the characteristics 

of risk embedded in technology development and the managing possibilities in the context 

of innovation policy by focusing on participation and precaution. Current technology 

development concepts of converging technologies are also analysed to emphasize the 

importance of these approaches. 

The following part provides an overview of the historical development of risk management 

approaches from elitist orientation towards stakeholder and especially public participation, 

and analyses precautionary approach and principle, furthermore discusses an up-to-date 

concept of risk management integrating participation, precaution and risk taking. 
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The fifth chapter analyses the advanced Danish practice of constructive technology 

assessment as a case study focusing on the spheres of government, university and industry 

and explores the main participative methods in the institutional spheres. Based on in situ 

investigation, this part highlights the main roles of different variants of participative 

technology assessment methods and the possibility of developing methods applicable in 

most spheres. 

The final chapter focuses on the relation of technology assessment and innovation, and the 

possibilities of constructive technology assessment in the process of developing socially 

acceptable innovations. 
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I. Understanding Technology Development Challenges: Toward an Up-

to-date Concept of Innovation 

 

Socially and environmentally valuable innovations are increasingly emphasized, as the 

enhancement of competitiveness is more and more fulfilled through innovative products 

representing social values. Application of this knowledge in management and strategic 

decision-making, furthermore in innovation policy becomes a significant tool. 

Considering the evolutionary approach on innovation process understanding the main 

characteristics of innovation as the “non maximising, interactive, cumulative, specific and 

institutionalised process” (Muller 2001, 12-13) character should be highlighted and the 

significant role of co-evolutionary processes in the joint development of supply and 

demand and in other system dynamics need to be emphasised. 

Innovation appears as a complex interactive learning process (Lundvall, 1992) with system 

of feedbacks3 forming open network, where network-based strategy becomes crucial 

instead of linearity. Up-to-date innovation concept turns from a ‘relay race’ to a ‘soccer 

game’ (Gibbons, Limoges, Nowotny, Schwartzman, Scott and Trow, 1994) with 

interacting team members. Technological innovation appears as a complex interaction 

process between research, design, production and marketing taking place in a complex 

interacting learning process, where multiple sources of information and pluralistic patterns 

of interaction prove to be useful. The very influential linear input model of Bush (1945) 

based on a one sided experience of nuclear technology development under war 

circumstance emphasise the strategic role of linearity and basic research within separated 

process elements while neglects the importance of feedback-loops and co-evolutionary 

processes. It starts with basic research, followed by applied research leading to product 

development and finally to marketable product. As Leijeten (2002) emphasises, the 

separation of the functions in complex process becomes difficult as all functions take place 

at the same time, which may even results in iterative and cyclical innovation process. 

Recently, opposite to the linear approach, new perspectives emphasise society as the 

‘endless frontier’ (Caracostas and Muldur, 1998) instead of science. Moreover, the 

European Union currently started emphasising ‘frontier research’ being at the forefront of 

creating knew knowledge about the world and generating potentially useful knowledge at 

the same time, reflecting the new reality of the mostly lost relevance of distinguishing 

                                                 
3 Realisation of feedback process highly requires the consideration of time and quality constraints for 

developing sound innovation management practices. 
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between basic and applied research due to the characteristics of emerging areas of science 

and technology often embracing main elements of both types of research (HLEG, 2005). 

Furthermore third generation of innovation policies (DGE, 2002) integrating economic 

policies, education, competitiveness, research and development for enhancing innovation, 

recognises the importance also of service innovations and knowledge intensive business 

services, calling for perspectives realising the limitation of the linear innovation process 

approach. 

The establishment and maintaining of effective close connections among the phases of the 

innovation process is crucially required as the chain-linked innovation model of Kline and 

Rosenberg (1986 in Muller, 2001, 9-10) (Figure 1.) highlights, both in field of innovation 

management and policy. The search mechanism for innovation sources extends greatly and 

due to the high level of interaction possibilities with large scale of globally extended 

knowledge and research base may result in problem oriented research. All feedback 

connections and elements of the non-linear innovation process within the chain-linked 

model become possible source for innovation. It also highlights that research and 

development may have significant role in all phases, although it is not the only source of 

innovation. Consideration of feedbacks from the initial phase requires high level of 

interaction abilities within contradictory innovation relation contexts. The organisation of 

these innovation processes among more organisations and institutional spheres rise the 

shifting of relationships toward contradictory co-opetition forms. 
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C: Central-chain of innovation 

f: Feedback loops 

F: Particularly important feedback 

K-R: Links through knowledge to research and return paths. If problem solved at node K, link 3 to R not 

activated. Return from research (link 4) is problematic – therefore dashed line 

D: Direct link to and from research from problems in invention and design 

I: Support of scientific research by instruments, machines, tools, and procedures of technology 

S: Support of research in science underlying product area to gain information directly and by monitoring 

outside work. The information obtained may apply anywhere along the chain  

 

Figure 1: The chain-linked model of Kline and Rosenberg 

 (1986 in Muller, 2001, 10) 

 

In innovation processes it should be pointed out that knowledge-base is characterised by 

non-homogeneity. The knowledge pyramid of Gassmann (1997, in Muller, 2001, 20.) 

differentiates knowledge-types of knowledge embedded in products, codified knowledge, 

experienced knowledge and social knowledge according to the codability of knowledge. 

Opposite to explicit knowledge types, in cases of implicit or ‘tacit’ knowledge (Polányi, 

1958) types as experienced and social ones, subjectivity and experience have significant 

importance. These types involve expert know-how, knowledge about responsibilities, 

organisational procedures, informal network coordination and moreover the aspects of 

values, organisational culture and team spirit. The model clearly shows the need for 

integrated consideration of these knowledge-types in innovation processes. As the model 

of Muller, Zenker and Mayer-Krahmer (1998, in Muller, 2001, 19) highlights on the 

context of expanding knowledge, the expansion of codified and ‘tacit knowledge’ (Polányi, 

1958) types follows co-evolutionary realisation. 

The importance of tacit knowledge has been proved in many different disciplines through 

researches for instance on artificial intelligence or legal decision-makings (Szívós, 2005). 

Furthermore, tacit knowledge types will be significantly important at the meeting of 

different disciples. On the other hand, it must also be highlighted that due to the lack of full 

empirical certainty, in case of deciding what we accept as proved, we cannot rely entirely 

on explicit rules but we must also rely on our personal judgements (Polányi in Szívós, 

2005, 103). The development of ‘personal knowledge’ in the sense of Polányi (1958) 

requires beyond tacit knowledge furthermore moral values and the understanding of 

problems with the ability of reflection. As Újlaki (in Szívós, 2005, 114) points out personal 
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knowledge always has a tacit dimension, but tacit knowledge is not definitely personal. 

The personal part is more than personally transferable knowledge as it represents personal 

judgement also incorporating personalised explicit knowledge (Szívós, 2005). Personal 

knowledge directly affects the relationship of the individual and the changing environment 

as it calls for the ability of the individual to judge a complex system in socially responsible 

manner reflecting the unity of knowledge and moral. 

Knowledge creation of firms is based on the continuous interaction of tacit and explicit 

knowledge types, as mutually complementary entities, where this interaction appears as 

‘knowledge conversion’ process (Nonaka, Reinmoller, Senoo, 1998, cited in Lengyel, 

2005). The matrix model of Nonaka is based on the ‘knowledge spiral’ of knowledge 

transfer and the contributing system of ‘ba’, where ‘ba’ describes the complex contexts 

where the process of the ‘knowledge spiral’ operates. This approach is highly based on 

context dependence of all types of knowledge. The matrix consist of four types of ‘ba’ 

such as ‘socialisation’, ‘externalisation’, ‘combination’, ‘internalisation’ which represents 

the four processes of the spiral meaning different interactions of tacit and explicit 

knowledge-types. The different types of ‘ba’ change in a spiral-like way and they build on 

each other for enhancing knowledge creation (Nonaka, Toyama, Konno, 2000, cited in 

Lengyel, 2005). The creation of knowledge appears in increasingly higher organisational 

levels, which means that tacit knowledge gradually become explicit and marketable 

knowledge for a firm (Lengyel, 2005). Lengyel (2005) also highlights that since both the 

knowledge pyramid and spiral models are based on the same tacit knowledge 

understanding provided by Polányi, they can simultaneously provide framework for 

analysing knowledge creation and transfer processes, furthermore university-industry-

government interactions. 

The ‘tangible-intangible dominant continuum’ of Shostac (1977, in Muller, 2001, 23) 

representing the product-process continuum, highlights the growing inter-penetration of 

goods and services and points out that services are major component of the value of most 

goods. The increasing inter-penetration enhances the role of contextualised tacit 

knowledge in managing the innovation process. The local, context sensitive nature of 

innovation further emphasise the importance of tacit knowledge, which is essential to 

overarch the problem originated from this characteristic and exploit its innovation 

potential. 

Learning and orientation towards problem-solving become crucial in the selection 

environment by the application of heuristic approaches and routines. Since innovation 

represents knowledge production, knowledge becomes central element in the processes. 
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Learning processes both after the accomplished innovation process as the innovation 

concepts of ‘learning by doing’ (Arrow, 1962) and ‘learning by using’ (Rosenberg, 1982) 

and through interaction in processes as the ‘learning by interacting’ concept (Lundvall, 

1992) emphasise the significant role of learning, interaction and participation in innovation 

processes. Furthermore, Szívós (2005) highlights the recognised importance of the 

knowledge transfer of local tacit knowledge from less experienced actors to experienced 

ones as the study of Fleck (1999, in Szívós, 2005) on technology implementation also 

indicates. 

Simultaneously, with the growing importance of secondary, frame-reflective learning, all 

elements and knowledge-types become target of extending learning processes. One of the 

basically paradox nature of innovation should be highlighted. Innovation necessitates long-

term foresight effort and simultaneously dispossesses from the possibility of trend 

extrapolation (Hronszky, 2002a, 125). Recent society has two basic values of the 

commitment of innovation and of safety forming controversial requirement. Innovation 

produces and increases uncertainty in its environment by purpose, safety requirements 

select among innovation efforts (Hronszky, 2005c, 38). Processes become unforeseeable as 

through its ‘creative destruction’ (Schumpeter, 1942) nature, innovation changes its 

environment while adapting to it. This change can evolve to co-evolution. Trend 

extrapolation is highly challenged and become a limited tool requiring the review of 

neglected factors and continuous sensitive interpretation of neglected unique elements. The 

paradox emphasises the adaptation ability for ‘original surprises’ (Stirling, 1999) and 

because of the non-linear nature of the dynamics with the ability to identify and sensitively 

react to initial weak signs. These requirements influence learning ability and calls for 

frame-reflecting learning in order to identify and realise innovation potential. Through 

frame-reflective learning, the ability to revise the validity of the conditions determining the 

actions possible and the ability of interpretation considering the changing of perspectives 

and environment become highly important with the formation of interpretation abilities. 

The management of minor, incremental innovations as the concepts of innovation by doing 

or by using requires different approaches than architectural, breakthrough innovations. The 

first cases utilise existing competencies for minor changes through routinised processes, 

while breakthrough innovation management has to face with trajectory changes, increased 

uncertainty and ignorance in decision-making, furthermore require ability to early identify 

later realisable innovation potentials and adapt to changes with highly mobilised contextual 

knowledge. In these cases the extension of knowledge base, consideration of all implicit 

knowledge-types become crucial which basically calls for participation and interaction in 
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innovation processes. One of the main challenges become the realisation of a new 

approach in the research phase of the innovation process, which may be more difficult than 

organising of inclusive procedures as it should basically target the marketability and more 

importantly the social acceptance of innovation (Hronszky, 2005a). This calls for social 

constructivist and evolutionary understanding for the management of innovation processes. 

Socrobust (Jolivet, Larédo and Shove, 2002) innovation methodology focusing on the 

formation of sustainable heterogeneous networks for socially robust solutions is one 

possible method to successfully face with this demanding challenge. Its importance can 

also be perceived as innovation search mechanisms tend to search for breakthrough 

innovation potential extendedly to all elements, even in traditional targeted areas of 

incremental innovations (see in Chapter VI.). 

Successful management of innovations tend to require extended knowledge-base and 

interactions. As the Schumpeter mark III model of Gallouj (1994, in Muller, 2001) (Figure 

2.) highlights, innovation process may need knowledge base of different disciplines 

tailored to contextualised problem solving, where the role of tacit knowledge become 

crucial. This knowledge can help the innovation process in all phases, even finding or 

tuning the direction of a proposed innovation process. This can happen in cases of very 

innovative companies with high innovation capacity and adequate resources, having a 

problem in exploring the strategic direction of their following innovations. From strategic 

issues to nearly all areas such as legal, financial, marketing, patenting, furthermore external 

and internal scanning consultancy helps the realisation of innovation process. Consultant 

may have a role in all phases of the process and act as a co-innovator generating co-

evolutionary processes. Co-produced innovation requires multidisciplinary information- 

and knowledge-base and mostly competence. Intermediary organisations as knowledge-

intensive business services (KIBS) helps small and medium sized enterprises’ innovation 

processes to accommodate them to pressure of the external selection environment in 

individually tailored manner. These intermediary organisations with integrated 

interdisciplinary knowledge-bases need a basic recognition in both innovation management 

and policy. Their service system crucially enhances the accomplishment of technical 

innovations through the provided services like patenting, marketing, legal and financial 

consultancy.  

The model emphasises interaction, holistic approach and co-evolutionary processes 

showing the complexity of innovation processes and calls for the recognition of the 

importance of not technology-based knowledge-types. 
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Figure 2: Schumpeter mark III. derived from Schumpeter mark II. 

(After Gallouj, 1994, in Muller, 2001, 40) 

 

 

Even though the model focuses basically on the challenges of innovation in the context of 

KIBS and SMEs, its main message of increasing need for co-innovative, integrated and 

contextualised consultancy framework can be interpreted both in the relation of the role of 

experts moving toward consultancy and of public participation towards extending 

knowledge- and value-base with the inclusion of highly contextualised and practical 

perspectives in technology development processes. Very importantly both the chain-linked 

and Schumpeter mark III. model emphasises different aspects of innovation process, but 

these characteristics exist simultaneously, requiring appropriate management practices. 

As it was highlighted, interaction appears on multiple levels, embedded in dynamics both 

in the cases of innovation processes of firms and institutional spheres. The contradictory 

strategic co-operations appear in the complex innovation processes of both cases. The 

triple helix model (Figure 3.) of the intertwining university-industry-government 

interactions with tri-lateral networks and the reciprocally taking of each institutional 

sphere’s role become platform for institution formation towards hybridisation among the 

spirals creating new institutional forms to promote innovation, furthermore with new forms 

of ‘co-opetition’ lead to new innovation strategies in environment highly characterised by 

non-linear, co-evolutionary dynamics. The interaction among the institutional spheres 

becomes significant source and support of innovation, reflecting to the up-to-date 
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innovation methodology. Innovation increasingly based on the interactions of the spirals 

(Etzkowitz and Leydesdorff, 1998) challenges the establishment of appropriate 

frameworks to new innovation relations. This both effects innovation management and 

policy as innovation becomes an endless transition, which is realised through an 

endogenous series of initiatives among the spirals (Etzkowitz, 2003) based on bottom-up 

innovation approach. Co-evolution of three dynamics leads to endless innovation (Rip, 

2002b). 

 

Figure 3: Triple Helix model 

(Etzkowitz, 2003, 302) 

 

“Fundamental changes occurring at organisational and institutional levels within and 

between university, industry and government, constitute a new environment for innovation, 

replacing the linear model.” (Etzkowitz and Leydesdorff, 1998, 207). Innovation is 

interactive in nature and produces new knowledge. It realises through processes, which 

pervade each other in different levels of complex dynamical systems. Innovation become 

central element in the context of triple helix model of institutional spheres with its focus on 

creating new arrangements of among institution spheres that foster the condition of 

innovation and on encouraging interactions among the spirals to initiate self-sustaining 

innovation dynamic (Etzkowitz, 2003) that functions as a source and support for 

innovation processes. It also becomes central in the forming third generation innovation 

policies with the aim of harmonising economic policies to foster innovation (DGE, 2002). 

Furthermore, it also appears as a central element both in the strategic planning of large 

companies (Coyne 2001) and SMEs (Perry 1995). 

In all levels effecting both innovation management and policy, there is clear recognition 

that effective infrastructure for innovation and permanently functioning innovation 
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environment are needed with feedback processes, based on the interaction of the multiple 

actors of the innovation process having different knowledge and value base in a multi-

polar society. Democratic society is not considered as an individual, fourth spiral but a 

prerequisite to a viable triple helix model (Etzkowitz and Leydesdorff, 1998) and civil 

society should be considered as the “foundation of the enterprise of innovation” 

(Leydesdorff and Etzkowitz, 2003). According to Leydesdorff and Etzkowitz (2003) the 

conceptualisation of the public merely as a fourth helix would narrow the public into 

another private sphere. They emphasise that the ability of both individuals and groups to 

organize freely, and to debate, furthermore to take initiatives without the permission from 

the state, should be considered as a necessary condition for the development of a triple 

helix dynamics of university-industry-government relations (Leydesdorff and Etzkowitz, 

2003). Interaction processes become extended and also tend to develop methods fostering 

participation of public to integrate different knowledge and value bases in the enhancement 

of innovation processes and to find effective solutions for the challenges of innovation 

processes and of the inherent technology originated risk in a socially acceptable manner. 

The dual nature of risk in innovation represents potential for progress but also for social 

threat. The characteristics of risk, the new technology development concepts as converging 

technology development and the fundamental search for breakthrough innovation 

possibilities increasingly require the involvement of participation-based risk assessment 

and risk management considerations in innovation processes reducing social threats, and 

the establishment of general social acceptability of innovations that is more than social 

acceptability of the risk of innovation as it requires the recognition of creating inclusive 

processes to formulate also the social goals of innovations and of being able to form a 

heterogeneous networks of relevant social groups to realise and sustain innovation 

processes. 
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II. Evolution of Risk Management Concepts 

 

II. 1. Concept of Technology Foresight 

 

Technology Foresight (TF) is a strategy planning concept, originally developed for 

technology development and innovation, later become applied in regional contexts and 

utilised in comprehensive development methodologies (Havas and Nyiri, 2002) 

furthermore in the context of policy needs (Havas, 2004). The initial approach of 

technology foresight has been established mainly by the book of Bush (1945) emphasising 

linear model of innovation and basic science breakthroughs as starting points of the 

process that provided the first systematic technology development expertise with the 

understanding of processes as valid objects for prognosis effort, furthermore by the 

operation of the RAND corporation focusing on the prognosis effort of technology 

development with improving prediction capacity. The prediction of future events tried to 

realise the methods of exact natural sciences, aiming at good prediction of future events, 

which thus enables the possibility of systematic planning and control of future strategies 

and activities. In the initial phase of its development, technology foresight activities were 

characterised by the undisturbed belief in calculability and the full exploration of 

uncertainty. Society was seen as a complicated engine of whose work can be understand 

through system theory and its operation can be prognosticated providing ground for the 

consecutive activities of planning, control and correction. Scientific cognition was 

expected to ideally lead to the application of the same methods and their utilisation based 

on the same valid knowledge, resulting in an expectation that correct expertise should lead 

to the same results by different experts. Technology development was perceived from a 

dominant progress perspective framed by the view of progress towards ‘welfare society’. 

Technology foresight beside its original task of foresight military technology possibilities 

it gained also an expertise role in enhancing competitiveness of economy (Hronszky, 

2005c). 

The application of technology foresight spread and it became widely applied concept in 

industrialised countries later on. Since the 1970s it has been highly utilised in Japan, where 

we can consider the first main efforts pioneering technology foresight, and later from 

1990s in Europe as well. The leading country of its application became Japan, where the 

Science and Foresight Centre of National Institute of Science and Technology Policy 
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(NISTEP) under the management of Kuwahara organised most of the activities. 

Technology could have been understood as the activity accomplished by NISTEP, 

similarly as it was the case of US Office of Technology Assessment regarding to 

technology assessment in its early period. 

Technology foresight represents important means of setting science and technology policy, 

although its concept evolved through three main stages. Its first generation focused mainly 

on foresight in terms of science and technology. The second generation was characterised 

by including industry and market perspectives. At the currently forming third generation 

the perspective of society becomes introduced with the active participation of stakeholders 

in the processes (Kuwahara, 2004). 

The first generation of TF with pure science and technology focus in optimistic and 

positive manner aimed at identifying science and technology priorities building on small 

group of experts through utilising trend analyses, technology roadmap, while scenarios and 

wide consultation was unlikely. Society was considered only in the context of the impact 

of technology on society. Its planning considered 20-25 or even 50 years. The second 

generation of TF with techno-economic focus aims at identifying science and technology 

solutions for economic sectors involving researchers, business people and policy-makers to 

a certain extent. It applied SWOT and large-scale Delphi methods, furthermore already 

scenarios built on wider consultation. Social factors emerge but typically only on the 

periphery of the activities. It considered 10-15 years of time span. The currently forming, 

third generation of TF with broad socio-economic orientation aims at identifying science 

and technology solutions and other policies to tackle socio-economic issues. The existing 

tools are complemented with involving stakeholders furthermore lay people in order reach 

wide consultation on the issue. Its time interval depends on the relevant socio-economic 

issue (Havas, 2004). 

After the Second World War the aim of technology foresight was to raise competition 

capability of military industry, later also of the market. Technology foresight targeted the 

comprehensive appraisal of the national competition capability investigating the tasks of 

the national innovation system to solve the targeted future goal. Technology foresight 

realised narrowly expert based activities, later opened towards wider circle of experts, then 

industrial stakeholders, neglecting the inclusion of the public, since social interests were 

only included as far as the interests of the industry required. Instead of including social 

developments in the focus with explicit intention to unify social and economic incentives 

as in the later phases of its development, TF considered social issues as a needed connected 
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development helping realising industrial-technological purposes (Hronszky, 2005c). 

By the mid-1960s the ideology of welfare society turned into crisis and a kind of 

revolution of the youth started to change the mode of life and protests started against the 

rapidly growing environmental pollution, which was an effect of the increasing industrial 

growth. Growing awareness of environmental deterioration led to movements in the 1960s, 

firstly in the USA. “Technology criticism was adopted in the political liberal/progressive 

repertoire” (Rip, 2001, 112). Simultaneously there was a growing interest for reliable 

scientific knowledge to further increase industrial growth and on the other hand a stating 

societal revolt because of environmental deterioration, which was ignored by industry. The 

narrow-minded industrial development provided ‘winners’ and ‘losers’, only focusing one-

sidedly on competitiveness following the aim of the impactors, who were the source of 

impacts, without considering perspective of the ‘losers’ who are impacted by the negative 

effects. Relation of impactors and impactees (Rip, 2003, in Hronszky, 2005c) involves 

multiple asymmetries including power, knowledge about the initiation, and dimensions of 

interests. This period provided the context from which technology assessment emerged 

with a social critical approach in order to find a balance between the two intentions, and to 

provide more symmetry between impactors and impactees furthermore to provide 

institutional forms and methods to manage challenges originating from both types 

(Hronszky, 2005b). Technology foresight and R&D evaluation focused on extending and 

accelerating growth and industrial performance and make it more efficient, while 

technology assessment and ethics of research and technology focused on sustainability and 

avoiding negative consequences and tried to extend the task of state bureaucracy to realise 

control over irresponsible technology development triggered by the one-sided economic 

interest of industry. 

 

 

II. 2. Concept of Technology Assessment: Risk Management on Social Level 

 

Technology Assessment (TA) represents the realization of risk management on the social 

level with the combination of the precautionary approach of executing activities. It 

incorporates social and environmental and risk assessment, which later refers to both of the 

former ones. Technology assessment involves the phases of assessment, evaluation and 
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management4. It is a unique form of complex evaluation of issues related to technology 

development on policy level, which aims to provide balanced, scientifically established 

information for the decision-making process. Instead of the analyses of economic trend-

lines commonly used in the past in order to safeguard the foreseeability of the coming 

trends in the field of technology development, TA has been used in the last decades, 

merging trend analysis with scenario analysis to a possible level. Recently, especially the 

controversies on biotechnology and on the currently emerging concepts of converging 

technologies have opened an increased interest in TA as a way of creating a better 

understanding of the public concerns, leading in the later years to a more open interest in 

both TA and the methodologies developed under the framework of technology foresight. 

Technology assessment represents a type of policy analysis, supporting decision-making 

on technology and technology projects. When it becomes part of ongoing technology 

development practices appearing as a design approach enhancing the management of 

technology in society (Rip, 2001, 106). As Rip (2002a, 7) formulates, both older and newer 

type of TA exercises are based on the basic TA philosophy, now being part of reflexive co-

evolution, of anticipating on impacts and feeding them back in “ongoing processes and 

practices (…) in order to reduce human and social costs of learning how to handle 

technology in society – compared to what happens if we continue to do this by trial and 

error”. “New developments of TA are linked to a better understanding of the dynamics of 

technology and society (co-evolution and co-production of impacts)” (Rip, 2002a, 25).  

Technology assessment was founded in the USA and its European roots can be found in 

Denmark and in the Netherlands. The bases of TA’s formation in the developed countries 

appeared in the end of the 1960’s due to the changing period in the relationship between 

science, technology and the public. The public trust in the sound competence of science 

and technology lead to the end of the practice giving absolute authority to science and 

technological development. The diminishing belief in the unquestioned social benefits of 

both scientific and technological development expressed by the citizens and social 

movements called for more reflection on the unintended consequences before the 

implementation phase of new technologies (Hennen, 2005). Movements and protests of the 

public signed the need of public involvement in the decision-making process of technology 

development, which formerly had been mainly shaped by certain policy makers and 

                                                 
4 The Thesis beside evaluation and management, concentrates mainly on assessment, since the former two 

may appear independently, but assessment relates to both of them. As the study of UNESCO (COMEST, 
2005, 28) highlights, the assessment and management activities can be seen as interwoven since the 
“design of assessment cannot be kept in strict isolation from qualitative value assumptions”. 
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scientists on mostly pure political and financial motives. Certain negative tendencies in the 

development of sciences like nuclear, chemical and biological arms’ race, environmental 

problems, increasing water pollution and the destruction of some ecosystems with the later 

appearing researches in the field of biotechnology and genetics all contributed to the fact, 

that in the US in the mid-1960s the need for certain complex studies had increased dealing 

with both the negative and positive effects of scientific- and technological development, 

and the social view-points consisting of different values and interests and control started to 

be strongly enforced. This idea was fortified by the oil crises in the 1970s and the shock of 

the frequently emerging environmental problems. The simple approaches towards the 

development and everyday application of technology mainly considering only the great 

opportunities of the results has changed and also the attitude of considering the sources of 

danger appeared in the society. Besides the experiments and inquiries trying to find 

answers to the growing energy problem in the 1970s, research and technologies in the field 

of biotechnology, genetic engineering and informatics have all brought up questions 

needing high-level political consideration and debates about the certain policies. 

Governments and parliaments make important decisions about technical development and 

research that affect the whole society or its particular groups had to be made aware of their 

responsibility relating to the necessary consideration of the social, environmental, and 

other effects of their decisions to reduce the later appearing possible factors of risk 

involved in technologies. During the institutionalisation process of TA, the broadening of 

the limits of application and developing methods that aim to reflect the growing social 

needs to the technology development process, experts and institutions of TA have become 

respected participants in the decision-making processes of the advanced industrial world. 

After long preparations the first TA law in the world was issued in 1972, and the Office of 

Technology Assessment (OTA) as the first TA organisation was also established in the 

same year. Since OTA was established and guaranteed by law it is considered to be the 

milestone in the history of the institutionalisation and the spreading of technology 

assessment. Through the 23 years of its history, the OTA has won substantial professional 

and political respect, which can be illustrated by the fact that a former director of the OTA 

was one of the chief advisors for technology-policy of President Clinton (Hronszky, 1994). 

The process of its strengthening during the years implicated the spreading of TA activities 

and made it a considerable tool for decision-making. As a result of the establishment of the 

OTA, movements began to increase the role of TA in innovation policy advising in many 

developed countries such as Germany, Denmark, Holland, Japan and Sweden. In Western 
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Europe debates on the implementation of TA began in the early 1970s and lead to the 

process of institutionalisation in the concerned countries and also on supranational level 

and in cases of international organisations as decision-making supporting bodies. 

Nowadays, technology assessment is part of the everyday practice of state tasks of 

developed countries and has won acceptance not only on parliamentary or state level, but it 

is also beginning to be practised by the members of the micro-sphere. TA in the member 

countries of the European Union has a trend of growing stronger and widens the limits of 

its application to more fields, but usually without being labelled TA activity. 

According to Hronszky, Tamás and László (1994) in terms of the state and its represented 

policy, and the experts’ relationship with the public, TA can be applied in three different 

ways. The state policies can be divided into three groups according to the applied model, 

which can be instrumental, elitist or participation based. 

In the instrumental model direct connections are established among research, expertise and 

political decision-making. This was the original starting point of TA, which first appeared 

in the USA in the 1960’s aiming to apply TA as an element of political decision-making, 

which identifies estimates and evaluates the consequences of scientific-technological 

development as early as possible. It raises political regulation of processes on a scientific 

level by the outworking of alternatives and variations. Specialists do their job in a certain 

field in order to strengthen the scientific background of political decision-making with 

independent, objective and competent information on scientific and technological issues. 

The elitist model can be characterised by the application of certain committees and 

advisory groups besides the conventional decision-making bodies such as the parliament 

and the government, making judgements on the development of science and technology. 

The judging would follow the logic of court trials and the court would consist of well-

known scientists. In this model the public only has a passive role in the decision-making 

processes and decisions are solely made by the certain group of experts and the lack of the 

broader concept of social aspects creates obstacles to the original goals of TA. 

The participation model changes the conventional relationship of public and experts’ 

decisions by the integration of the reactions of the public in the process, giving a kind of 

constructive function to the different social groups. This approach is basically conflict-

oriented with the basic aim of giving experts’ information about the adequate technology 

and its effects, and to identify those that are affected or concerned by the certain technical 

development. The formed public debates consist of experts’ opinions and the emphasized 
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role of the public to identify the problems, which need to be handled and to express the 

main needs in connection with technology. The process results in a conflict-oriented social 

learning process, where TA becomes the most important basic element. Participation 

incorporating factual, political, informative and social goals increases the complexity and 

reflexivity of decision-making process (Tamás, 1994a). The most developed form of 

application of this model can be found in Denmark and in the Netherlands in Europe. As 

Bütschi and Nentwich (Klüver, Nentwich, Peissl, Torgersen, Gloede, Hennen, Eijndhoven, 

Est, Joss, Bellucci and Bütschi, 2000, 135) point out “while the American model was based 

on a rather scientific approach of the assessment (involving stakeholders only afterwards), 

European TA always struggled with how exactly to integrate interests and values in the 

assessment. One strand of European TA – mainly originating in Denmark – is trying to 

solve the problem of how to make values and interests fruitful by organising participatory 

procedures.” 

As the models highlights, the orientation and practice of technology assessment activities 

has changed a lot during its history in the last decades. Different approaches of technology 

assessment have been developed to more comprehensively focus on challenges of 

technology development. The development of the methods and the formation of 

constructive technology assessment (CTA) have been the result of long-term changing in 

the approaches of TA. The periods can be differentiated on the basis of the different types 

of social and state political perceptions of the social and political problems of 

technological change. 

The main goal of TA to establish better basis for decision-making in connection with 

technology development issues and to reactively manage risk originating from technology, 

leading to the establishment of analytical-empirical research tradition (Remmen, 1991). 

The classical goal of TA included the consideration of the exploration and reduction of 

social and environmental costs by a reactive control of the direct consequences and side 

effects of certain technologies. Traditional TA represented great expectations as tool for 

decision-making focusing on the predictability of the side-effects and the improving of this 

predictability. TA forms complex interdisciplinary background knowledge for science- and 

innovation policy going beyond former needs, and it aims to outline alternatives with 

respect to the undesired social effects. TA is a scientific method aiding the decision 

making of economic and political powers by providing an interdisciplinary forecast of 

effects. It practically links the knowledge and decision elites in the decision-making 

process, serving the decision elite with the missing information about the issues (Remmen, 
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1991). The studies and analyses of TA try to find out the possible technological, 

environmental, social or economic effects of certain decisions should be taken into account 

and integrate into the decision-making process. After evaluating the different effects, 

alternative solutions are examined and information is provided about the possible result of 

these activities. Technology assessment should be considered as a goal and problem 

oriented research activity aiming to provide interdisciplinary answers (Hronszky, 1994). 

The classical ‘watchdog’ type of TA (Smits and Leyten, 1991 cited in Hoppe and Grin, 

1995) aims at gaining objective knowledge on the social implication of technologies in a 

technocratic manner as a form of policy analysis, policy support and early warning. They 

focused on early warning methods usually aiming at influencing research and development 

of technology itself in order to develop technology with an optimal ratio of positive and 

negative outcomes. The ambition of these considerations was, to promote technology 

development and to regulate potential negative impacts, in order to advance technological 

development and growth, furthermore increase perceptiveness of technological risk and 

threats. The technocratic concept was dominant practice mostly in the USA at the Office of 

Technology Assessment (OTA). At the early history of technology assessment, TA was 

considered the activity that OTA was practicing, and many times beside its technocratic 

orientation, it was also criticised for stopping technology development by practising more 

‘technology harassment’ or ‘technology arrestment’ than TA. 

The meaning of the basic term of has been changing. The traditional TA model initially 

defines the forecasting activity and than analysing the effects, while the more technology 

and design oriented models focusing more on creating something new (Farkas, 1994). 

Instead of the anticipatory techniques of early warning and alerting the emphasis shifts 

toward techniques enhancing shaping (Tamás, 1994a).  

Grunwald (2002) highlights that TA should be understand as a process instead of a result, 

and according to this TA as ‘vision assessment’ can also be considered, consisting 

permanent assessment and reflection process, where visions become clear during the 

technology development process due to the co-evolutionary processes of technology and  

society. TA should provide reflection on the relation of the vision and its changing societal 

context. TA have the potential to identify variation of visions and create a selection 

environment to help choosing from alternative future visions and identify possible ways to 

lead to them, meanwhile provides orientation through systematic feed backs to actors 

producing the visions. Developing social visions for promising technologies aiming at 
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utilising technologies in purpose of social usefulness, and not only trying to avoid negative 

consequences. This process requires the assessment of possible positive and negative 

future aspects of an envisioned technological development. The need for developing and 

connecting social visions to technology development clearly emerges in connection with 

different converging technologies. These cases also shows that the realisation of variations 

requires an appropriate accepting selection environment, which progressively implicates 

the focus on innovations that requires the integration of users in the processes, where 

interaction increasingly triggered by the producer side (Hronszky, 2005c). 

As Kornwachs5 highlights a shift from TA as technologically oriented method towards 

problem oriented one could be perceived around the mid-1980s. After the traditional 

consequence assessment oriented TA with the classical goal of focusing on limiting 

detrimental effects, a comprehensive assessment tradition developed with proactive 

orientation promoting desirable technologies. The emergence of comprehensive and 

proactive orientation around the 1980s lead to the formation of another technology 

assessment tradition focusing more on the possibilities, needs and demands of technologies 

to be developed (Remmen, 1991). It emerged particularly in Europe, where a ‘tracker dog’ 

type of TA dominated the development aiming at spotting promising opportunities of 

bridging the gap between techno-economic and socio-political developments (Hoppe and 

Grin, 1995). The proactive approach developed forward emphasising more interactivity6 

for influencing the changes of technology, labelled as constructive technology assessment 

(CTA). Constructive technology assessment, which also evaluates the consequences and 

potentials of the relating technological change, goes further and become an integrated part 

of the processes of innovation with its participative and constructive orientation beside 

proactivity, in spite of the technocracy and expertocracy approach of classical TA. With 

the inclusion of participatory approach in the risk management process (see in Chapter IV.) 

the original idea of TA has changed. The participatory based TA activities of CTA 

transformed the task of providing information for the decision-making elite into a social 

learning process in which a creative inclusion of the public makes an important part of the 

whole activity. Thus, CTA breaks with the previous research traditions of technology 

assessment with the result of creating a boarder between the two categories of traditional 

TA and constructive TA, although it simultaneously represents a complementary approach 

                                                 
5 Kornwachs K., 2004, Budapest: Verbal notification at his ‘Evolution of Technology Assessment” Ph.D. 

Seminar at Budapest University of Technology and Economics. (23.04.2004. Budapest). 
6 Proactive, reactive and interactive TA should be considered as complementary approaches. Lot of people do 

CTA activities without being labelled as CTA at all, or they many time call it as interactive TA (Arnie 
Remmen, verbal notification, Aalborg (Aalborg University), 25.03.2002). 
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to TA. Since the ambition of CTA is limited to “modulating ongoing processes” and to be 

“part of open-ended learning processes” (Rip, 2001, 109), the varieties of technology 

assessment should also complement CTA.  

Considering the evolution and relationship of both advisory activities of technology 

foresight and technology assessment, it should be pointed out that for decades the two 

distinct, partly mutually distrustful concepts realised a ‘two-track approach’ (Rip, Misa and 

Schot, 1995, cited in Rip, 2001) development, which continuously changes towards a ‘one-

track’ development due to the recognisable mutual approach and strong overlapping of 

techniques which may implicates reasonable co-evolution in some variants or even their 

integration in sense of strategic connection. 

Though there are series of differences between the two concepts, among others TF utilised 

more for the industry than TA and emphasises the identification of potentials of 

application, while TA deals with the implications of new technologies, it should be realised 

that they respond to the same social concerns and challenges and there is no reason to 

artificially separate them. 

 
 
II. 3. Concept of Constructive Technology Assessment 

 

Constructive technology assessment as a variant of TA aiming at including TA already in 

the design and development of technology, developed in the period of European 

appearance of TA in the 1980s firstly in the Netherlands and later Denmark7. The new 

variant of TA challenged the ‘two-track’ approach of TA and TF. Dutch and Danish CTA 

practices created possibility for strategic knowledge production for both technology 

management and technology policy through co-operative discourse on technology and on 

its social controversies by integrating the aspects of impactees towards the realisation of 

‘picking the sustainable winners’ (Rip, 2002a) and ‘avoiding the losers’ instead of the 

reductive ‘picking the winners’ approach of TF and the ‘avoiding the losers’ approach of 

TA. As an initial step, CTA intended to integrate the ‘picking the winners’ and ‘avoiding 

                                                 
7 According to some views, probably originating from the roots of some early CTA practices, its meaning 

may appear to be limited to enterprise level TA, guiding the process only in this level and dealing with 
dialogues involving workers, designers and technicians (Lars Klüver, verbal notification, Copenhagen (The 
Danish Board of Technology), 03.04.2002). 
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the losers’ approaches. CTA shifted TA towards less expertocracy, since public could take 

part co-operatively in the process already from the construction phase of development. 

As Hennen (2005) highlights technology assessment always faced with the challenge of 

how and to what extent social interests and especially the directly the public can be 

involved in the procedures, and recently, a boom of practical participatory practices can be 

observed. Meanwhile Eijndhoven (2001, in Hennen, 2005) also stresses that even though 

we are evolving towards increasingly interactive methods, the most important is to widen 

the debate to integrate perspectives, considerations and views of citizens in the processes. 

Constructive technology assessment (CTA) is a strategic form of technology assessment 

emphasising the inclusion of plural perspectives and the influence of the early process of 

innovation (Stirling, 1999). It is much broader and more strategic concept than the classical 

TA practised mostly by the former OTA in the USA. CTA offers a new design practice 

that enables the fed back of assessment of impacts into the development of technology in 

an iterative and reflexive way with special focus on social learning which is essential in the 

successful management of risk (Schot and Rip, 1997, in Rip, 2001). It considers the socio-

technical dynamics of technological change and its embeddedness in society (Rip, 2001). 

The participatory-based constructive form of technology assessment creates a framework 

of a dialogue, where producers and users act as opponents to solve problems. It emphasizes 

problem analysis and combines a range of possibilities during the processes. During its 

activities it couples to a multitude of decision-making processes. The constructive 

approach aims to ask the right questions as compared to the traditional way of dealing with 

finding the right answers (Remmen, 1991). On the other hand, constructive technology 

assessment creates room for participation and enhances the formation of an effective 

framework for the democratisation of the decision-making processes by demonstrating 

possible ways of acting and by encouraging learning processes through dialogues8. 

In CTA many actors are involved to make decisions in the co-evolutionary, co-

construction process. The composition of the interacting social actor may change by 

phases, all shaping the development, implementation and use of the technology aiming at 

minimising socially undesirable and maximising desirable impacts. “Actors should be 

reflexive about the processes of co-evolution of technology and society, of technology and 

its social impacts” (Rip, 2001, 109) 

                                                 
8 Arne Remmen uses the metaphor of a ’soccer game’ with players playing not together with, but playing 

against each other within the limits of the rules for forming a good game for the interest of both sides. CTA 
tries to find balance between criticism and influence (Arnie Remmen, verbal notification, Aalborg 
(Aalborg University), 25.03.2002). 
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The knowledge of local values, the contextualized factual knowledge and the special 

practical relation of lay people to the investigated problems provide contribution to the 

raising of the scientific level of expertise9 (Hronszky, 2002b). It is important to highlight 

that scientific expertise can be considered as a negotiation through argumentation. 

Systematic involvement of the public not only in evaluation and management of 

technological innovation but also in description and analysis of issues becomes a decisive 

task, enhancing the democratisation and re-appropriation of expertise. Any expertise needs 

its systematic framing, including setting of the research problem, methodology and the 

evaluation of results through setting regular discussion with the public in order to form 

systematic discursive relation between expertise and the public. 

Everyday actors normally live in complex uncertain situations, and “mostly, the 

uncertainties they live with appear for them as contextualised issues and they react on them 

by taking into account their contextualised nature” (Fésüs and Hronszky, 2005, 1) CTA 

provides frame-setting by the public for the expert calculations and possibility to integrate 

both types of knowledge, furthermore emphasizes the role of experts towards consultancy, 

highlighting the requirements of reflectivity and responsibility in the established 

framework for interactive socially embedded learning processes. Participatory-based TA 

methods “are suggested to be a possible way for a direct, interactive inclusion in the TA 

process of affected social actors, such as interest groups, consumers and members of the 

general public, alongside professional experts and policy makers” (Klüver, Nentwich, 

Peissl, Torgersen, Gloede, Hennen, Eijndhoven, Est, Joss, Bellucci and Bütschi, 2000, 9). 

CTA can be seen “as a new design practice in which the assessment of impacts is being fed 

back into the development of technology in an iterative way and which contains the 

element of societal learning” (Schot and Rip, 1997 cited in Rip, 2001, 108). Hronszky 

(1999, 77) following A. Rip, who formulated this point in several articles, emphasizes 

CTA is a “multiactor, decentralised form of social control of technological development 

                                                 
9 It is worth highlighting that expertise in an extended way can be understand beyond natural-scientific, 

engineering and economics expertise and consider expertise of values in cases of humanists or experts of 
literature (Hronszky, verbal notification, 2005). Furthermore as the study of Wynne (Collins and Evans, 
2002) on Cumbrian sheep farmers aftermath of Chernobyl shows (briefly: expert falsely predicted the 
measure of the declining of radioactivity of cesium as they have not considered that measurements under 
laboratory conditions were transferred to a complex system with different preconditions), this group cannot 
be considered as ‘lay’ meaning a person non-professional, someone who is not an expert, since they were 
experts eventhough not certified ones. The analysis of Collins and Evans (2002) point out that the case 
emphasises that not scientific expertise has been found in the public, but another specialist group in this 
special case. The case also shows that stakeholder rights may be object of transfer, thus differentiation 
between political rights and expertise is also need. 
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that takes into account that technologies are constructed and reconstructed through their 

whole period of existence”. 

Rip (2001) highlights three key characteristics of CTA. Firstly, CTA enables those who are 

involved technology development activities also considering regulation and control to 

directly participate in the design and development of new technologies. Secondly, CTA 

aims the opening up the social and institutional networks associated with technology 

development and innovation processes in order to achieve the inclusion of a wider range of 

social actors at an earlier stage in the processes. Finally, CTA focuses on forming risk 

discourses and social learning process, since the anticipation of impacts should be an 

ongoing activity during the development and implementation of new technologies targeting 

wider issues of social considerations of technology and of the social acceptability of a 

certain technology in terms of broader cultural values of the society. These processes 

should target the envisaged users and all possible actors to be reflexive considering their 

own role and also others in the processes of co-evolution of technology and society and 

also of technology and its social impacts. 

 

 

II. 4. Concept of Prospective Technology Analysis 

 

After the changes of the efforts from trying to predict the future more precisely into 

providing tools for the “endogenization of future in human activity in an ongoing learning 

process” (Hronszky, 2005c, 55) we can experience a recent turn after the starting 

approximation of the two intelligence under the framework of CTA, which in the last 15 

years began to represent a cooperative and unified holistic reflexive future intelligence of 

technology development. The current turn aims at the unification of different cognitive 

attitudes of TA and TF appearing as prospective technology analysis (PTA) (Rip, 2002a). 

Nowadays, prospective technology analysis appears as a co-operative technology shaping 

method, which combines technology assessment and foresight, furthermore also, includes 

evaluation for sustainability (Rip, 2002a). There is a potential for synergy between 

technology assessment and foresight and also evaluation considering them as different 

types of strategic intelligence. Its exploitation offers opportunities for performance 

increase in quality, usefulness and impact (Smits, 1999) that provides new bases for the 

evolution towards new approaches. 
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Technology foresight had a narrow task of ‘picking the winners’ from technological 

alternatives in the economic race, and technology assessment emerged as an answer to the 

one-sided intelligence aiming at ‘avoiding the losers’ by providing knowledge of the 

impacts. The performance of technology in its embeddedness in society is not static, thus 

‘picking the winners’, with winning related to sustainability considering environmental and 

societal sustainability become a major task of all type of foresight efforts10 considering 

both management and policy levels, beside also ‘avoiding the losers’. Rip (2002a, 4) 

highlights that ‘picking sustainable winners’ requires PTA, and the consideration of 

interaction of stakeholders and governance arrangements. PTA aims at developing 

balanced social reflexivity incorporating the unification of public control and private 

promotion of technology development (Hronszky, 2005c). 

In connection with evaluation it must be highlighted that ethical approaches with highly 

evaluative nature11 show similarities to recent developments in TA. Ethics tends to enter in 

the research process forming systematic discourse12. Instead of identifying ethical 

problems of R&D as problems of applied ethics, ethics moves in the process to strategic 

resource position in its relation to policy-making and participate in the co-evolutionary 

processes (Hronszky, 2005c). ‘Third generation’ of ethics, formulated by Hronszky, 

emphasizes the discovering of a moral high ground “through a joint learning process” (Rip, 

2000, 2), mutual learning (Rip, 1999) and it is considered to be endogenized “as an integral 

part of the co-evolutionary dynamics” (Rip, 2000, 2) of open social experiment (Rip, 

1999). The new role of ethics “leads to the changing methodology and changing evaluation 

of ethical cognition” (Hronszky, 1999, 69) and can reflect to complexity while preserving 

democratic structure by “provisional, partial, moving consensus” (Hronszky, 1999, 78) 

keeping the direction of change open in ethical argumentation and by adapting to the 

forming of “co-evolutionary learning process by society” (Hronszky, 1999, 69). 

PTA realising a unified strategic alliance of TF and TA and also evaluation, appears as an 

attempt instead of making predictions, to anticipate on the co-evolution of technology and 

society in reflexive way (Rip, 2002a) in the framework of a better ‘distributed intelligence’ 

                                                 
10 Technology assessment also incorporates a foresight component, since we have to estimate possible future 

developments before we can assess them (Rip, 2002a, 11). 
11 Since morality is a part of organisations, economic and technological systems, ethics is a part of evaluation 

of technological and industrial activities (Molnár, 2005). 
12 In connection with the introduction of ethics of technology in the evaluation phase, the efforts of László 

Somlyódy academician (president of Department of Technology at Hungarian Academy of Sciences 
(HAS) since 1999) should be highlighted, who within the framework of HAS aims at realising ethical 
aspects as integrated elements of engineering culture in engineering research. 
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to practices (Rip, 2002a, 11) in order to formulate decisions based on choice among 

possible alternative futures. The unified reflexive, “sustainable long-term future 

intelligence” (Rip 2003, 64, cited in Hronszky, 2005c) of PTA tries to integrate the 

interests of economic and social development. Rip (2002a) highlights that PTA has two 

main routes of forward and backward analysis. In case of forward analysis, present 

dynamics and trends are utilised to develop different scenarios, while backward analysis 

consists of future needs and requirements to create a frame for reflexive intervention in the 

co-evolution of technology and society. 

Hronszky (2005c) points out that PTA may develop different variants, either for realising 

the task of TF with TA inclusion or for realising a unified reflexive approach based on 

participation and social visions in order to realise the co-evolution of techno-economic 

development within the changing in societal dynamics where economy becomes more an 

instrument of social goals. Expertocratic and participative alternatives may develop, but 

the establishment and application of systematic participative discourses towards creating 

more democratic approach will be centre of future discussions. 
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III. Some Main Challenges of Technology Development 

 

III. 1. Risk and Technology Development: Need for Participative Approaches 

 

In the last decades, modern society has to face the fact of being concerned by different 

forms of risk embedded in new technologies. New technologies are being developed to 

simplify and facilitate everyday life, while bringing undoubted socially desirable benefits, 

carry unknown and unpredictable risks. In risk society (Beck, 1992) we live in, 

technological hazards can no longer be seen only as mere side effects of progress. 

Furthermore, “the real world is, instead, imperfectly understood, complex, dynamic and 

open-ended” (Stirling, 1999, cited in Shepherd, 2000, 13). We need to recognize a crisis in 

our ability to cope with the fundamental inherent uncertainty in the fields of both science 

and morality (Hirakawa, 1998). To change this crisis into a challenge needs, among other 

things, an overarching reflective approach that fundamentally reappraises both the role of 

technology in society and the historically changing identity of the human actor. 

The nature of risk is dual, as it appears as a potential for technological progress and also as 

a social threat (Renn and Klinke, 2004). Innovation always calls for risk taking for the sake 

of the goals, although simultaneously requires management strategies to avoid social 

threats. The increasing ‘embeddedness’ of technology with its contained risk factors in 

society implies many challenges in the early phase of technology development. The 

Collingridge-dilemma (Collingridge, 1980) connects the predictability of effects of a 

certain technology and its embeddedness in society highlighting the paradox relationship 

between the two elements through focusing on the dilemma of control and entrenchment. 

This dilemma is as follows: At the development and introduction of a new technology most 

of its impacts are unforeseeable, since most of these effects become manifest during the 

process technology become extensively developed and introduced into more general use 

with wide range of applications. Control proves to be difficult when technology became 

highly entrenched. While the negative social impacts of technology become recognizable, 

it is already deeply embedded “in sectors, institutions, and practices” (Rip, 2001 in Stirling 

2001, 108), and by this embedment process the possibilities for correcting them are 

diminishing. In the end, all consequences come to light and get embedded in the society 

but then it is too late to change them. Thus, in the beginning, the available amount and 

quality of information does not provide sufficient ground to form and appropriate strategy, 
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although the degree of freedom of action is the highest in the process. Finally this 

relationship gets reversed. The application of the most flexible alternative of technology, 

and more generally the keeping of the option flexible as long as possible, allows the 

modification of the function of the technology according to the desired way for the 

embedding of the technology. 

Society is getting increasingly impregnated with technology that actually appears as a 

medium through which we live our lives. On the other hand, “technology only exists 

through the way it is applied” (Vrangbaek, 2001, 66) and it is through the ongoing 

interaction among technology and society, in which technology can create changes. Rip 

also points out “the impacts of technology are prepared and shaped all along the process of 

development, implementation and use” (Rip, 2001 in Stirling 2001, 108). Technology 

should be interpreted as a continuously developing, open, complex socio-technical system 

with the wide recognition of possible stakeholders in the process. The complex socio-

technical understanding of technology points out the wide ranges of groups affected by the 

technology directly or by its consequences. This recognition has crucial importance in the 

management of innovation processes and also in the establishing of relevant decision-

making processes, moreover gives a new perspective for the further exploration of the 

dimensions of risk and not at last it implicates serious considerations in education, mostly 

in the field of engineering. As the famous engineer Vincenti writes, in the socio-technical 

model, the entire society is visualized as “a vast integrated system, with the varied social 

and technical areas of human activity as major interacting subsystems” (Vincenti, 1991, 2). 

This perspective can also be seen at the analysis of Hughes (1991) on the history of 

electrical technology that he presents as an evolving system of interaction among the 

components covering among others the fields of engineering, management, education and 

also investments. The developers of technology should jointly and actively participate in 

the forming of technological solutions for social problems. Bugliarello (1991) also points 

out that engineers should more actively participate in the determination of problems of 

socio-technical systems and political dialogues. Molnár (2005, 265) highlights that 

engineering can be considered as a “special kind of risk management”. Engineers should 

develop social-critical approaches and act as critical responders through the reflective co-

evolutionary learning process emphasizing objectives that fulfil the requirements of co-

evolutionary aims. 

The perspectives of the socio-technical approach also appear in the studies of Turner and 

Perrow (1978 and 1984 in Shepherd, 2000) showing that accidents are not merely man-
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made but in a sense also ‘normal’. It must have been recognised that beside the technical 

aspects, people, institutions and even broader culture influencing the control of the hazard, 

are also integrated elements of the system. 

By now, according to the new technology development concepts implied by the recently 

emerging converging technologies (see NBIC, CTEKS, Biosystemics and NanoNed 

analysed in Chapter III.3), it should be realised that very importantly, the ‘interface 

medium’ character of technology changes towards to be an ‘integrated’ medium with 

complex socio-technical system evolution characterised by co-evolutionary system 

dynamics. 

New technologies aiming to overcome the disadvantages of former ones have an embedded 

characteristic concerning sustainability that requires crucial attention. The sustainability 

problem in technology development is naturally reproducing itself along different 

dimensions within the framework of a new technology expressing the effort of overcoming 

the disadvantages of the former one with more complex modelling. The new solution based 

on the different problem modelling has a potential to solve the current situation, although 

at the same time it may reproduce the problem of sustainability, rooted in its necessarily 

reductive modelling of a continuously developing, open, complex system. Since future has 

an ‘endogenous characteristic’ (Rip, 2002a), the path of the development of a technology 

will be created while ‘walking’ (Garud and Karnoe, 2001, cited in Rip, 2002a, 14), 

providing possibility for co-evolutionary, non-linear system dynamics. Non-linearity 

characterised by the situation, where conditions of the present may bear little resemblance 

to conditions of the immediate past (COMEST, 2005). The analysis requires historical 

approach which may lead to the identification of the so called ‘ratchet effect’ (Lemons in 

Lemons, Westra and Goodland, 1998) in connection with the proposed technology. The 

development of adequate technologies that help avoiding or reducing the level of the 

reductionism of formerly utilized technologies applied in complex systems is an important 

progress towards sustainability. Although itself represents interventions into nature with 

some necessary negative side effects in as the ‘cycles of the ratchet’ (Lemons in Nelson 

and Hronszky, 2003) also show considering the mechanical, chemical and genetic cycles of 

American agriculture. Hronszky (Nelson and Hronszky, 2003) points out that the cycle is 

endless in principle. 

The ability to judge the unavoidable reductive characteristic of modelling requires the 

consideration of dimensions included in the model, the continuously critical revision of the 

excluded ones and the evaluation of these feedbacks. On the one hand, it basically needs 
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the recognition that our world is based on plural value system leading to the consideration 

of participative approaches. On the other hand, the endogenous characteristic of the future 

requires continuous reflection to the excluded elements of the applied model with the 

consideration of the evolution of knowledge on the unknown and partly unknown 

elements. 

We live in a ‘technical milieu’ (Schwarz, 1992 cited in Grunwald, 2002, 35) where the 

embeddedness of technology is realized through a process with co-evolutionary dynamics. 

The social embeddedness of technology, its co-evolution with society (Bijker, 1987 in 

Grunwald, 2002, 35), and the challenges of its characteristics highlight the crucial 

importance of the necessary application of the social construction of technology and 

technology originated risk, avoiding reductive and narrowly quantitative practices. 

Douglas and Wildowsky (in Johnson and Covello, 1987) highlights that final selection of 

considered risks are not necessary chosen because of the scientific evidence is solid. Risk 

is not an objective reality and even risk perception can be considered as social process. 

Johnson and Covello (1987) points out that there are only subjective perception of risk and 

emphasise the equality of validity of each perception. Cerozo and Luján (1998) highlights 

that risk depends on knowledge and values, furthermore on our epistemic and moral 

judgement. The selection of a finite set of threats from the infinite set to be avoided or 

minimised leads to their transformation into risks (Luhmann, cited in Molnár, 2005, 265) 

and according to this, risks should be considered as social constructions (Molnár, 2005), 

thus controversy over rational evaluation is rooted in the conflict over values (Shrader-

Frechette, 1991). It should be highlighted that risks constitute contextually dependent 

social objects, and the identification of risk is also both to valuate and create risk. Risk 

with subjective probabilities and degrees of acceptability depends on number of contextual 

variables related to the cognitive structure of the individual agents. Risk should be 

considered as social construction depending on socio-cultural factors, where risk appears 

as a ‘social-natural’ variable (Cerozo and Luján, 1998). It means that risk is a variable 

expressing social-natural relation with objective impacts, but also with the value-reflexion 

needed consideration of damage. The quantitative risk assessment (qRA) formula defines 

risk as a function of the two variables of probability of an impact and its magnitude, which 

results in the so-called ‘objective risk’13, and QRA should be only used if we can produce 

                                                 
13 Shrader-Frechette (1991) suggests the reduction of the distinction between ‘subjective’ perceived risk 

based on the feelings and opinions of lay people and ‘objective’ actual risk usually defined by experts. 
Experts often focuses on average annual probability of fatality and provides monetized value of life for the 
quantitative risk assessment calculations by which in these cases risk becomes defined only in terms of 
probability of fatality consequently neglecting ethical and political concerns. 
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quantitative measure of probability and damage. “QRA is an exploration about a natural-

social science issue14, about frequency of damages (or benefits), about factual issues 

explicitly including an evaluatory ingredient” (Hronszky, 2003, 171). In cases when the 

inputs for the definition of risk can not be quantified, the countability of risks requires 

considerations needing the formation of process for gaining a possible consensus of the 

relevant actors to establish the bases of calculations. According to this, risk definitely is a 

‘discursive variable’15 and this is why trying to follow the natural-scientific method in 

developing qRA is necessarily misleading. Since facts and values are completely 

separable, all facts include value judgements, which is unavoidable in risk assessment16. 

The social value ladenness of risk-facts provides only two ways that mutually excludes 

each other: either one decides decisionistic what value will be taken into account when risk 

at a special place will be defined or acknowledged its discursive nature and tries to develop 

a consensus on the accepted definition of risk requiring discursive background to 

calculations17. This basically requires discourses on both the identification of damage and 

benefit, furthermore of probability, which means the setting of the whole frame for 

calculations. Shrader-Frechette (1991) points out that the evaluation of risk cannot even be 

objective in a sense that different risks may be evaluated according to the same rule, since 

there are no completely value-free rules applicable to every risk evaluation situation. 

Shrader-Frechette (1991) highlights that risk assessment has various evaluative 

assumptions appearing integrated in all phases, even at the stages of identifying risk, 

calculating probabilities and estimating effects assessment is not completely objective, 

neutral or value-free18. Belief that risk can be reduced to some characteristic of a 

technology, determined only by experts is misleading and presupposes that risk can be 

measured by probability and damage, and that they both can be quantified. Responses to 

societal hazards should be considered as value laden, since both damages and probabilities 

                                                                                                                                                    
 
14 Beside the recognition of the value components it is also important not to define ethical, political issues as 

merely technical ones. 
15 Imre Hronszky, verbal notification, Budapest (Budapest University of Technology and Economics), 

22.08.2005. 
16 Shrader-Frechette (1991) shows through case studies how alternative value judgements even at the initial 

stages of assessment can lead to radically different policy conclusions regarding acceptability. 
17 Imre Hronszky, verbal notification, Budapest (Budapest University of Technology and Economics), 

22.08.2005. 
18 Even methodological value judgements cannot be considered as value-free, furthermore even the best 

system-analytic approaches cannot anticipate every possibility (Shrader-Frechette, 1991). 
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are often uncertain19, and targets of assumption- and value ladenness. While Shrader-

Frechette (1991) emphasises that factual research must be value-laden to be able to work, 

she also considers inappropriate the reduction towards both too narrowly emphasising the 

scientific component or the social construct of risk resulting in the underestimation or the 

overemphasis on the role of values. These considerations above become especially 

emphasized in relation to the value plurality of the multi-polar society. 

Assessing and judging the acceptable level of risk for society is a particularly important 

political responsibility, and these decision-making processes managing scientific 

uncertainty and public concerns require the consideration of wide ranges of both 

quantitative and qualitative factors based on the value system of the society. The 

acceptance of risk in connection with technology development is based not only on factual 

knowledge, but also on values, attitudes, culture and ethical considerations of the 

individuals. In case of socio-technical systems, considering issues of risk and uncertainty, 

values have highly significant role (McC. Adams, 1991, 32), furthermore knowledge and 

values are interrelated (Grunwald 2002, 35). 

The ‘Divided we stand’ model of Schwarz and Thompson (1990) from the Mary Douglas 

school emphasizes the recognition and integration not only of the diversity of attitudes, but 

also their irreducible importance on risk in the multi-polar society. Along two dimensions 

of sociality the model identifies four equally valid rationalities of procedural, critical, 

substantive and fatalist (Schwarz and Thompson, 1990, 7). In the model the basic 

evaluative patterns of human attitude towards risk are categorized in the relation of social 

pressures and obligation to the collectivity, resulting in four main basic types of the 

‘bureaucrat’, ‘concerned’, ‘entrepreneur’ and ‘fatalist’ as they consequently call the 

constituting different rationalities.  

The validity of 'we stand' requires the preservation through integration of these rationalities 

based on different attitudes. The management of integration of the divided approaches 

provide challenge for the development of sustainable technology development. The model 

points out that the frame for the interactions of three ‘active’ actors (bureaucrat with risk 

regulating attitude being robust within limits, concerned with risk-averse attitude and 

entrepreneur with risk-seeking attitude (COMEST, 2005) should be formed in a dynamical 

process in order to safeguard the sustainability of technology development and establish 

the required governance. The solution of the risk conflict requires a policy approach that 

                                                 
19 “More generally and more recently, risk assessors have pointed out that “uncertainties of six orders of 

magnitude are not unusual” in any probabilistic risk analysis” (Shrader-Frechette 1991, 95). 
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takes the whole society into consideration in the identification of risk factors and decides 

the socially acceptable level of risk. The four rationalities may challenge decision-making, 

but instead of being an obstacle or causing inability to decide caused by their nature of 

mutually excluding each other that also prevents the formation of win-win situations, they 

provide solution towards appropriate realisation of the decision-making process, which in 

this case can lead to a social construction of knowledge, prerequisite meta-understanding 

from all rationalities toward the others meanwhile recognising their own limitations as 

well20. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Figure 4: The two dimensions of sociality and the four rationalities 

                                                 (Schwarz and Thompson, 1990, 7) 

 

The model highlights the crucial importance of the consideration of attitude diversity of the 

society constituting heterogeneous system, in the accomplishment and sustainability of the 

validity of ‘we stand’. As Schwarz and Thompson (1990, 13) emphasize “Divided we 

                                                 
20 Parallel research of Ágnes Fésüs (2005) led to similar results. 
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stand; united we fall”. Innovation policy requires the formation of the dynamics of 

innovation process based on the consideration attitude diversity and plural rationalities of 

society. 

The responsibility of the decisions on the development of new technologies in a multi-

polar society essentially calls for democratic political decision-making based on wide 

public participation. 

 

III. 2. Risk and Technology Development: Need for Precautionary Approaches 

 

Since future has an endogenous characteristic, the path of the development of a technology 

will be created while ‘walking’ (Garud and Karnoe, 2001, cited in Rip, 2002a, 14), 

providing possibility for modification of co-evolutionary, non-linear system dynamics. 

Society should be capable of facing with hazards that are unintended and unanticipated 

consequences of the social activities of science, technology and economy (Hirakawa, 

1998). In this case ‘genuine surprises’ (Stirling, 1999) with the confusing evaluation 

possibility of both the harmful events themselves and their probability, which appears in 

the field of ‘ignorance’, where conventional appraisal methods cannot handle the surprises, 

since even the identification of factors become impossible in advance. “Understanding of 

increasing irreversibilities” is also a crucial factor as “at an early stage, a new technical or 

socio-technical option is open-ended” (Rip, 2002a, 13). Considering irreversibilities and 

the open aggregation of uncertainties, furthermore the greatly lower detectability and long-

term latentness as remarkable features of contemporary risks, the importance of the 

identification of initial weak signs and frame-reflective capability increases. Furthermore, 

continuously sensitive reaction to the changings of local environment in order to manage 

rapid, non-linear interactions influencing each other, making more difficult the 

foreseeability, also giving space for the openness for ‘context sensitivity’ (Nowotny, Scott 

and Gibbons, 2001). The strengthening of competency and capacity of reconstructing 

problems up to ‘frame reflection’ (term introduced by D. Schön (1994) for a different 

context in 1987) with the ability to revise the validity of the conditions determining the 

actions possible and the ability of interpretation considering the changing of perspectives 

and environment become highly important as well. Moreover, the realization of the task of 

reflective capacity and competence building has crucial significance. These approaches 

need to be established in the education of the later actors of technology processes in order 
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to form them to ‘socially responsible and innovatively reflective practitioners’21 (Várkonyi, 

2005a). The open aggregation of uncertainties will be involved in processes and the 

consideration of the feasibility of a technological solution will be significantly complex 

along the considered dimensions. 

In order to assess risk, approaches emphasizing quantification were developed and widely 

used from the 1950’s. Analytical approaches based on the quantitative risk formula (qRA) 

define risk as a function of two variables - the probability of an impact and its magnitude 

(Risk=Probability*Damage + (Probability*Benefit)). In spite of their common usage, the 

application of qRA methods requires fulfilment of strict preconditions and their wider 

application needs complementary qualitative oriented approaches. The introduction of 

qualitative aspects in the rational approach to uncertain situations promises to 

appropriately react on the multitude aspects of real situations (Fésüs and Hronszky, 2005). 

On one side, the risk conflict is basically the outgrowth of the fact that not all the problems 

can be approached in a quantitative way. Although experts make successful efforts to 

further quantify several factors, there is a limit beyond certain factors are quantitatively 

indeterminable. The rational risk formula cannot be applied in such cases since it is unable 

to deal with qualitative factors. Taking this fact into consideration, many limitations of the 

quantitative risk assessment approaches can be found. The main problems of uncertain 

situations implicate five main problems in connection with qRA approaches. 

                                                 
21 As an invited speaker to the First United Nations Global Compact Academic Conference in Istanbul last 

year, I emphasised in my presentation (Várkonyi, 2005a): In order to enhance socially acceptable 
innovations, engineering students with high potential of becoming major agents in sustainable 
development, should develop social-critical approaches and act as critical responders through the 
reflective co-evolutionary learning process emphasizing objectives that fulfil the requirements of co-
evolutionary aims. They will have to be able to actively participate in social debates on technology 
development as members of the society and as practicing engineers they should also be capable of 
managing the challenges of the CTA approaches in a changing and more dynamic research environment. 
The understanding of value systems of different entities in the co-evolutionary interactive learning process 
with the capability to reflectively act sensitively considering the other perspectives of the complex system 
and with the ability to frame-reflectively act could lead to responsibility on social level and adequate 
reflection ability in the engineering practice. These considerations require the embeddedness of CTA as a 
culture in education, necessary enhancing the inclusion of relevant knowledge in the innovation processes. 
Education appears as an initial platform for the shaping of attitudes and practice of practitioners and 
indirectly the functioning of organizations in innovation processes towards more sound reflections to the 
challenges of sustainable development. The education of engineers should involve the preparation of 
students for their role to be active actors in the socially embedded processes following a constructive 
manner. Beside the rapidly developing knowledge base it is not the further increase of knowledge base but 
the level of competency, capability and practical inclusion experience what mostly matters. The 
strengthening of the capacity of reconstructing problems up to ‘frame reflection’ and the realization of the 
task of reflective capacity and competence building have crucial significance. Considering the level of 
society, social debates following participation based on constructive technology assessment approach, 
requires strong foundation in the education of the future actors of socially embedded processes. The 
importance of the above mentioned should be emphasized in the light of the fact that, for instance in 
Hungary, in most of the cases fresh engineering diploma holders are not prepared to get integrated in 
participatory projects (Hronszky, 2002b). 
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On the first hand, even in the rare cases of having complete knowledge of the factors22 for 

making calculations, in certain cases, even punctual calculations cannot provide 

unambiguous answers since results cannot be interpreted as single value but it will appear 

as a range of decision possibilities being fully appropriate to different preferences. The 

multitude of the different risk dimensions highly influence the ranking based on the 

adoption of different but scientifically valid assumptions and priorities towards variability 

and ambiguity as Stirling’s case on energy technologies implies. As the expert group 

highlights, this situation can be valid in cases of toxic chemicals and GM crops as well 

(Stirling, 1999, 15). 

On the other hand, the differences in calculations do not show the important qualitative 

differences, which strongly influence risk management strategies. Applying the 

quantitative risk assessment formula the same quantitative result can refer to non-

catastrophic and catastrophic risks. Non-catastrophic risk is characterized by the 

combination of low level of damage and high probability (for instance the case of 

formation of cancer due to regular smoking). Catastrophic risk is characterized by the 

combination of high level of damage and low probability (for instance cases of atomic 

power plant catastrophes). Even though qRA may provide equal results, its interpretation 

requires qualitative considerations towards forming appropriate strategies to manage 

different risk types. 

Furthermore, the limitation of qRA also roots in its modelling of reducing the considered 

aspects of reality mostly on quantitative ones. In order to bring uncertainty under control 

two basic strategies emerge: we can appropriately close open system and reduce it to the 

main variables, or we can model open systems as if they were closed. qRA’s preconditions 

mainly require well-defined variables in a closed system. Even though to find solutions to 

problems needs applicable methods also appropriate to the time and other constraints of 

management of risk, but beside the solid assumptions the calculations can be applied, the 

non-quantifiable elements and relevant interrelationships among the elements of a complex 

system should not be neglected. 

Moreover, two more aspects should be deeply analysed. On the one hand, reducing the 

level of objectivity in risk assessment calculations, risk perception and subjectivity are 

unavoidably integrated elements in judging risk implicating that value differences highly 

effects decision-making. In the usual usage of the term, subjectivity means two different 

                                                 
22 Among others, the high dependence on small changes in the initial conditions of the calculation have 

significant effect on this issue. 
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things and the differentiation is mostly not appropriately kept: firstly, subjective 

assessment of an exactly measurable factor, secondly, value judgement of a situation. On 

the other hand, in real situations, knowledge about the outcomes and likelihoods is mostly 

incomplete to make calculations. One can try to raise control through engineering activity. 

But it is not to forget that this effort cannot be complete and it changes the situation of risk 

is to handle with. This change has taken further consequences for the social effects. 

In the reductive, analytical approaches based only on the quantitative risk formula (qRA) 

risk is defined as a function of two variables - the probability of an impact and its 

magnitude. The two crucial limitations of this approach should be seen in connection with 

two aspects. On the one hand, the judgments of damage in a value pluralistic world are not 

unanimous. Andrew Stirling’s study (1999, 9-10) on the utilization of GM technologies in 

agriculture represents an outstanding example of exploring the great variety of risk factors 

that should be taken into consideration during the evaluation of an individual technology 

showing the multiple dimensions of risk. The study also points out that “the relative 

priority attached to the different dimensions of risk is intrinsically a matter of subjective 

value judgements” (Stirling, 1999, 10) and emphasizes that multidimensionality and 

incommensurability are crucial features of technological risk. At this point, considering 

many technologies and processes, it needs recognition that the increasing human power in 

the interventions in nature has the special result of washing away the possibility of clear 

identification of man-caused and natural damages (Hirakawa, 1998). On the other hand, 

Andrew Stirling’s concept (Stirling 1999, 17-19) of ‘Incertitude’, ’Risk’, ’Uncertainty’ and 

’Ignorance’ in the IPTS study, which analyses the knowledge about outcomes and 

likelihoods shows the difficulties of identifying probabilities and points out the 

incompletion of the reductive, quantitative risk assessment approaches, highlighting their 

limitations. 

The concept illustrates the twofold distinction between ‘knowledge about likelihoods’ and 

‘knowledge about outcomes’. Recognizing the potential for greater or lesser knowledge on 

each of these axes yields four fundamental categories of ‘incertitude’. The four main 

categories are the main components of the large area of ‘incertitude’ reflecting the quality 

differences due to our knowledge base on outcomes and likelihoods. In order to avoid 

confusion between the strict definition of the term uncertainty as used here, and the looser 

colloquial usage, the study of Stirling introduces the term ‘incertitude’ to apply in a broad 

overarching sense to the conditions of risk, uncertainty and ignorance and identify the 

fourth category as ‘ambiguity’ to make it easier to perceive the differences. The main 
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concept is illustrated schematically in Figure 1. 
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Figure 5: The Concepts of ‘Incertitude’, ‘Risk’, ‘Uncertainty’ and ‘Ignorance’ 

(Diagram after Stirling, 1999, 17) 

 

In the first category of incertitude ‘risk’ is defined. In this case credible grounds exist for 

the assignment of a discrete probability to each of a well-defined set of possible outcomes, 

thus a decision-making process faces the conditions of risk. The exact mathematical 

approaches mostly can be applied, because the outcomes and the likelihoods of the events 

are relatively well-known. In the category of ‘uncertainty’ it is possible to define a finite 

set of discrete outcomes or a single continuous scale of outcomes, but only where it is 

acknowledged that there simply exists no credible basis for the assignment of probability 

distributions. In this case scenario analysis is applied, which tries to understand the 

problem from an exact point of view and to decide the managing of it during a learning 

process. In the area of ‘ambiguity’ the various possible outcomes do not admit discrete 

definitions, but the probability distributions are well-known. In this case sensitivity 

analyses are applied aiming at evaluating the applicability of formerly used techniques. 

‘Ignorance’ appears, when there exist neither grounds for the assignment of probabilities, 

nor even a basis for the definition of a comprehensive set of outcomes. “It emerges 

especially in complex and dynamic environments” (Stirling, 2001 in Stirling, 2001, 56) 

and arises from many sources. The application of exact mathematic formulas due to the 

highly incomplete knowledge on the variables becomes incompetent.  

In this case, it is not only impossible to rank the options, but even their full characterization 

is difficult. Under a state of ignorance, it is always possible that there are effects, which 

have been entirely excluded from consideration. The extreme area of this field, where 
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highest rate of ignorance appears can be shortly characterized as the property of “we don’t 

know what we don’t know” (signed by * in Figure 1.). It is an acknowledgment of the 

importance of the element of ‘surprise’, which can be positive or negative in nature. In this 

case precautionary approach should be used, and considering the Collingridge-dilemma, 

the methods of flexible organization and increasing resilience by capacity building can be 

applied. Resilience means the capacity of a system to tolerate disturbance without 

collapsing into qualitatively different states, mostly into undesired ones (COMEST, 2005).  

Coping with lack of knowledge, it will more important how this is dealt with in public 

decision-making processes, since it becomes a decisive variable in the process (Bechmann, 

2005). May (2000 cited in Fayl, 2003, 281) highlights that advances in the fields of both 

science and technology have happened in such a rapid way that governments worldwide 

“have been left scrambling to make policies in a context of scientific uncertainty and 

vociferous public opinion”. The organisation of learning processes and decisions under 

uncertainty in highly organised social systems becomes major issues (Bechmann, 2005). 

Many examples in connection with the regulation of energy technologies, genetically 

modified organisms, and referring to global climate models, the behaviour of number of 

chemicals in the environment show that the dominant conditions in the management of 

most relating risk types are dominated by the conditions of uncertainty and ignorance 

rather than risk (Stirling, 2001, 18). Mostly in the case of using sciences such as 

climatology, toxicology, genetics or ecology in the regulatory appraisal of technology 

where stakes are mostly the highest, uncertainties and ignorance tend to be most strongly 

understated (Rip, 2001 in Stirling, 2001). Many factors of uncertainty and ignorance are 

routinely treated in the regulatory appraisal of technology by using only probabilistic 

techniques of risk assessment but the inappropriate characteristic of these methods under 

these circumstances must be realized in order to move forward to form efficient decision-

making under incertitude. European Environment Agency (Harremoës, Gee, MacGarvin, 

Stirling, Keys, Wynne and Guedes Vaz, 2001) report based on distilled twelve lessons of 

early warning case studies of the last century highlights the importance of recognising the 

importance of responding not only to scientific uncertainty but also to ignorance, 

furthermore emphasises that instead of simple science of linear, mechanistic proposition 

should be supplemented with dynamic and emergent properties of systems science, also 

considering potential systemic instabilities of complex phenomena. 

The application of sensitivity analysis and scenario analysis can result in a better 

management of risk, when there are simply no bases for the assignment of probability 
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distributions or the various outcomes do not admit discrete definitions. In the area of 

‘genuine surprise’, where “we don’t know what we don’t know”, there are neither grounds 

for the assignment of probabilities, nor even a basis for the definition of a comprehensive 

set of outcomes. Irreversibility also increasingly characterizes risks appearing in this area. 

According to this, the study on the application of GM technologies (Stirling, 1999, 9-10) 

also points out the need for consideration of unexpected effects in the assessment and 

raises the consideration of cumulating and synergic effects. This problem emerges 

especially in complex and dynamic environments and arises from many sources requiring 

the awareness of our ignorance. 

In these cases, precautionary approach must be used and decisionism based on the 

approaches of experts should be changed for participation in the decision-making 

processes in connection with risks embedded in technology development. Decisions should 

be made on the wider basis of participants and of system of values, requiring organized 

social debates and active society oriented risk communication. On the whole, as the targets 

of analysis will not be exact characteristics, the possibilities will appear as a field, where 

acceptability needs to be defined. Additionally to participation, precautionary approach 

should also be applied since only the prevention of effects is no longer an adequate 

approach in risk society. Appropriate risk communication should also be applied 

simultaneously. Both approaches require management tools applicable on the level of the 

society for the management of risk. 

The narrowness of the application of only expert knowledge should be changed by the 

application of public participation and precautionary approaches toward higher level of 

democratic governance of risk, meanwhile considering the application of the joint 

formation of the approaches with qRA. Very importantly, the above-mentioned concepts 

do not deny that certain aspects of risks can usefully be modelled in probabilistic terms, but 

the fact that exclusively probabilistic characterizations of incertitude are often in many 

crucial respects seriously incomplete. All suggested strategies and methods should be 

interpreted as complementary approaches to quantitative risk assessment, appropriately 

reflecting to the conditions created by the quality of incertitude. According to this qRA and 

precautionary approaches should be formed jointly. It is important to achieve “constructive 

synergy between quantitative analysis and inclusive deliberation” (Stirling, 2001 in 

Stirling, 2001, 79).  

As the wisdom of the Chinese philosopher Lao Tzu points out “knowing one’s ignorance is 

the greater part of knowledge”, which carries an important message for the management of 
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technological risk aiming at being both ‘scientific’ and ‘precautionary’ (Stirling, 2001, 19) 

through the better recognition of the limits of science in relation to specific issues. 

The challenges embedded in the characteristics of technology originated risk and of 

technology development implies significant changes in the role of experts, which in a 

broader context crucially affects the formation of risk and technology policies of 

democratic societies and led to the changing process from expertocracy to participation in 

risk management on the social level reflecting the considerations of social value pluralism.  

Stirling’s study showed (1999, 9-10) that a great variety of risk characterized by 

multidimensionality and incommensurability should be taken into consideration during the 

evaluation of an individual technology. It furthermore emphasized that priority setting is 

highly and unavoidably matter of subjective value judgements, which is also relevant to 

experts who are also influenced by their own subjective value judgements and interests. On 

the other hand, as the definability of risk in most of the cases of the new hazards (for 

instance gene technologies) move towards to the area of complete ignorance represented 

by the “we don’t know what we don’t know” situation with the emerging irreversible 

processes, where the validity of expert knowledge loses its expert characteristic relating to 

the comprehensive complex socio-technical system. Since complex systems have endless 

interpretation possibilities, approaching and evaluating risk effecting society from an 

individual aspect proves to be inadequate. Furthermore, expert knowledge of a certain 

scientific discipline alone may prove to be incomplete in judging risk in the social 

decision-making process on technology development. Highlighting the interests of the 

society in the decision-making process, first a framework should be formed based on the 

considerations and values of stakeholders and than be applied for the activities of experts 

with the changing role towards consultancy. Considering the complexity of socio-technical 

systems and the characteristics of risk, the relatively narrow perspective of experts related 

to the decision-making on managing complex systems on the level of society requires the 

moving towards public participation in judging risk both from the aspects of realizing 

higher level of democratic risk governance and of extending knowledge-base implied by 

the importance of plurality as decisions realize value prioritisation as well. 

Decision under uncertainty implies challenges for decision-makers on the policy level, 

where many aspects require careful consideration and responsibility is very high. 

Additionally, it must be realized that more research cannot solve some important issues, as 

it has been proved by weather forecast researches of the last decades, since “uncertainty 

and unpredictability are inherent to the systems themselves” (Shepherd, 2000, 12) resulting 
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in the fact that prediction beyond a certain time is actually impossible. Funtowicz and 

Ravetz (1990 in Shepherd, 2000) claims that uncertainty needs to be a barrier in sound 

policy decision making in case of proper management. Uncertainty and risk management 

become fundamental elements in the relationship between science and governance 

(Shepherd, 2000). Realizing the limitation of former approaches, and the way our 

modelling is reductive referring to reality is already a great step forward to over-arch the 

challenges and move toward to develop concepts and methods for the risk policy and 

management. 

Since the uncertainty of probabilities cannot be ended and the reduction of value pluralism 

cannot be a goal, the application of precaution as a well-reasoned regulatory, policy 

relevant principle basically aiming at avoiding not type-I but type-II statistical error23 and 

participation of stakeholders and especially of public should be used. In cases, where 

fundamental norms and values may be affected, precautionary approach along criteria of 

complex dimensions and the application of precaution should be used (Klinke, Losert and 

Renn 2001); furthermore, decisionism should be changed for participation. 

Risk management requires methods realizing the social construction of knowledge and risk 

in order to construct socio-technical systems in socially accepted manner, requiring social 

debates on the certain technology to reveal its possibilities and than form a cognitive 

process among the participants on the identified alternatives. 

 
 
 
 
 
 
 
 
                                                 
23 Churchman (in Shrader-Frechette, 1991, 132) terms type-I risk as ’producer risk’, and type-II risk as 

’consumer risk’. Shrader-Frechette (1991) identifies them as ’industry risk’ and ’public risk’, furthermore 
highlights the relation that decreasing industry risk may hurt the public, and the decreasing of public risk 
may hurt industry. It also has an effect of experts aiming to minimise producer or industry risk leading to 
the maximisation of public risk. As a tendency it likely arises because ’preferences for type-II errors and 
for minimising type-I risk appear more consistent with scientific practice” (Shrader-Frechette, 1991, 133). 
Although as Harsanyi (in Shrader-Frechette, 1991, 274) points out that some risk decisions may minimise 
or maximise both of them, thus the dilemma arises when decision must be made between the two. 

Furthermore, Funtowicz and Ravetz (2003, 5) emphasise that type-I and type-II errors “correspond to 
errors of excess sensitivity, and of excess selectivity, respectively” as a part of the routine work in ‘normal 
science’. They highlight a so-called type-III error undervalued by statistical theory, “when the whole 
artificial exercise has no relation to the real issue at stake” (Funtowicz and Ravetz, 2003, 6).  These errors 
are a “characteristic pitfall when the ‘normal science’ approach is deployed in post-normal situations” (see 
in Chapter IV.1.2) (Funtowicz and Ravetz, 2003, 6). 
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III. 3. Converging Technology Development 

 

Rapid technology development and its new concepts increasingly require the 

considerations of social, ethical, legal aspects and the recognition that multidisciplinarity 

and transdisciplinarity in innovation become strategic key factors. 

Currently converging technologies (CTs) are in the centre of national and international 

discussions. The development of CTs raise challenges directly showing the importance of 

qualitative aspects integrating systemic risk assessment, participative and precautionary 

approaches, furthermore the importance of the application of CTA multidisciplinary 

problem oriented research. 

The term and the first CTs concept based on the utilisation of synergies of different 

technologies originated from the USA from December 2001. The concept build on 

nanotechnology that can be considered as a by-product of the National Nanotechnology 

Initiative (NNI) of the USA having important role in the forming of the vision and in the 

foundation of the CTs. The American nanotech strategy focused on establishing 

comprehensive concepts based on transdisciplinary relations among different disciplines. 

Nanotechnology helps the formation of new approaches, procedures and materials on the 

nano-level, meanwhile enables the basic theoretical understanding of chemical, physical 

and biological process at level of atoms and molecules (Coenen, Rader and Fleischer, 

2004). Although, nanotechnology is more an umbrella term that covers wide ranges of 

technologies concerned with structures and processes on the nanometre scale (TAB, 2003). 

The convergence of technologies is not accidental, but originates from the deeper and 

comprehensive understanding of natural phenomena that appears on both ends of the 

measurement scale. The ability to observe and work with materials enables the 

convergence and the integration possibility of sciences. At nano-level we can observe a 

material unity as genes, atoms, neurons and bits are conceptually interchangeable. The 

convergence of technologies is founded in the material unity at nanoscale and integration 

of technologies from this level (Bouchard, 2003). 

The possibilities of the trends and synergy possibilities with IT was analysed in the RAND 

report in 2001. Later the National Science and Technology Council (NSTC) requested the 

National Science Foundation (NSF) and the US Department of Commerce (DoC) to 

organise a workshop on ’Convergent Technologies to Improve Human Performance’. The 

proceeding of the workshop was published in June 2002 as the first decisive material in 

this issue under the title of the conference (Roco and Bainbridge, 2002). 
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III. 3. 1. NBIC Concept of the USA 

 

The American CTs concept was formalised in political and scientific debate, focusing on 

the four rapidly developing technologies of nanotechnology, biotechnology, information 

technology and cognitive sciences. The NBIC (nano-bio-info-cogno) concept builds on the 

synergic development of these fields that has significant potential to effect scientific and 

social development. The concept expresses relatively strong technological optimism 

relating to later appeared CTs concepts. The basically technology driven concept of NBIC 

declare the new renaissance of science with the focus on increasing the physical and 

intellectual abilities of human and the working and leaning capacities and efficiencies 

through tools originating from the synergies of disciplines and integrated from the 

nanoscale. 

The main emphasis is given to the issues of the ‘overall potential of CTs’, ‘expanding 

human cognition and communication’, ‘improving human health and physical capabilities’, 

‘enhancing group and societal outcomes’, ‘national security’ and ‘unifying science and 

education’. The following key visionary projects are suggested by the NBIC concept: The 

first area aims at enhancing individual and group abilities, productivity and learning, 

furthermore developing sustainable ‘intelligent’ environments and moreover the changing 

of human activities towards the ‘innovation age’ focusing on creativity and innovativity. It 

also targets economic and social competitiveness. The following area intends to more 

comprehensively understand the way human brain operates and after the human genome 

aims at exploring the human cognom. It focuses on brain-brain interactions and group 

communications and developing tools enhancing learning, creativity and social 

communication, furthermore improving the predictive science of societal behaviour 

towards initial interventions. The third area deals with healthcare issues, human-machine 

and mostly brain-machine interface development, sensorial capacity improvement. It also 

aims to improve life quality of disabled people and to solve some problems of life quality 

of aging, even targeting life extension. The visions of the following area target the 

enhancement of group interaction and creativity, furthermore the development of social 

network operating as one interconnected brain providing access to collective knowledge. It 

also targets the development of new, revolutionary products as the ‘aircraft of the future’ 

and intends to establish memetics as a new scientific discipline. The area of ‘national 

security’ the main intentions are the enhancement of the physical and mental capacity of 

the soldier and the development of globally linked detection devices and uninhabited 

combat vehicles. Finally the concept aims at the unification of science from the nanoscale, 
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reshaping education at all levels and even to change human culture (Roco and Bainbridge, 

2002). 

According to the founders of the concept, the first NBIC products developed for enhancing 

physical and mental capabilities of human can be expected to appear after one generation, 

and they also find nanotechnology capable of changing human culture and psychology in 

the long-run (NSF, 2002). Later Bainbridge (2004, in Coenen, Rader and Fleischer, 2004) 

found it possible to construct human culture by a biology inspired approach towards social 

sciences. Ethical and moral questions and social aspects are also included in the concept, 

although their frameworks have been formed later on (NSF, 2002), and mostly the second 

NBIC workshop organised in February 2003 dealt with these aspects more thoroughly and 

the proceeding represent less technocratic perspectives than the previous one by also 

focusing on social interests, values and cultural needs (Coenen, Rader and Fleischer, 

2004).  

Criticism mostly appears in connection with NBIC among CTs concepts. It is considered to 

be futuristic like some of the previous visions of NNI. Some criticism point out that the 

enthusiasm relating to optimistic future visions are deliberately utilised means of 

promoting technology development in the USA and simultaneously warn that the ‘hope 

and hype’ strategies are always precarious and highlight the possibility of negative effects 

and emphasise the need and importance for critical approaches in the rational discourses 

(TAB, 2003). 

The NBIC concept in the USA is basically technology driven and builds on strongly 

technocratic perspectives in the understanding of society with emphasised national security 

and military considerations. Ethical, legal, social aspects and risk assessment, the role of 

values, furthermore the possibilities and limitations of cognitive science in spite of its 

significant role in the concept are not well clarified. However, Khushf (Khushf 2004, in 

Coenen, Rader and Fleischer, 2004) points out that concept can be interpreted as “a forum 

for exploring the future impact of all science and engineering“. 

 

III. 3. 2. ’Biosystemics’ Concept of Canada 

 

The ’Biosystemics’ concept of Canada emerged within the framework of a science and 

technology foresight pilot project in 2003, which had a special strategic focus on the NBIC 

disciplines completed with ecology. This concept also integrated the analysis prospective 

impacts of the five disciplines on materials science, bio-health, eco and food system 
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integrity and disease mitigation. It focuses on the identification of areas that likely to 

influence change and yield the greatest economic, environmental and social benefits in 10-

25 years period of time, meanwhile considering the complexity of the issue and the 

interdependency of the elements with emphasised policy relevant foresight activities 

(Bouchard, 2003). The concept is based on social needs, which is the core of formulating 

research communities and further activities. 

 

III. 3. 3. CTEKS Concept of the European Union 

  

The reaction of the EU considering CTs appeared with 2 years of delay after the US 

efforts. The High Level Expert Group 'Foresighting the New Technology Wave', (HLEG) 

was established in December 2003 and soon a European perspective of CTs has been 

formalised and published as ’Converging Technologies - Shaping the Future of European 

Societies’ (HLEG, 2004) that has basic differences to the NBIC concept. 

The CTEKS (Converging Technologies for the European Knowledge Society) concept of 

the European Union extends the approach of NBIC towards integrating further aspects of 

socio, anthro, philo, geo, eco, urbo, orbo, macro and micro while keeping the dominance of 

the four main disciplines. Cognitive sciences are considered as part of social sciences and 

humanities having major role in the concept. Highly interdisciplinary cognitive sciences 

have key role in the concept and involve psychology, neuroscience, linguistics, and 

philosophy with also important impulses from the field of social sciences (Coenen, Rader 

and Fleischer, 2004). 

HLEG formed its own definition of CTs that “are enabling technologies and knowledge 

systems that enable each other in the pursuit of a common goal” (HLEG, 2004, 14). 

Enabling or key technologies enable development of technology on a broad front without 

having dedicated goal or limitation to a certain set of applications. This may be valid in 

cases of knowledge-systems. 

The HLEG emphasises the transformative potential of CTs and highlight the ‘embedded 

invisible technical infrastructure’, the ‘unlimited reach’, ‘specificity’ as the main 

characteristics of CT applications, meanwhile comprehensive, cautious considerations are 

emphasised. In connection with the fourth characteristics the more limited technological 

optimism of CTEKS than NBIC is characteristic for the report. Instead of the American 

concept’s ‘engineering of the mind and body’ approach, CTEKS suggests the ‘engineering 
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for the mind and for the body’ and emphasise the improvement of the cognitive 

environment instead of implants (HLEG, 2004). 

Instead of brain-machine interfaces enhancing intellectual abilities and raising moral 

questions CTEKS emphasise the development of tools that can support the social 

interactions and decision-making processes of diverse Europe. 

The European concept is focusing more on specific social needs than the NBIC and also on 

social and economic results realised through these social considerations. CTEKS suggests 

demand driven approach for CTs with continuous strategic focus on human. Since CTs 

have significant effect on everyday life of people, social sciences and humanities have key 

importance and their integration is suggested from the initial phases in order to ensure the 

appearance of social aspects (Bruland and Nordmann, 2004 in Coenen, Rader and 

Fleischer, 2004). These two disciplines are considered to be the ground of developing 

demand-driven, human-centred CT applications. They may mediate among politicians, 

researchers and society, and can help risk management which has significant role in highly 

breakthrough oriented technology development strategies. 

The bottom-up approach strategy orientated CTEKS with the identification of European 

capabilities and needs for common goals and through inclusive processes intends to help 

the advancement of Lisbon strategy. The concept has prepared policy recommendations. 

They among others emphasise the need for creating CTEKS research community, research 

programmes and projects in the field of health, education, ICT infrastructure, environment 

and energy and establish CTEKS as a thematic research priority in European research in 

these areas within 3 to 5 years (HLEG, 2004). 

Furthermore, it should be highlighted that HLEG recommends the extension of technology 

assessment and technology foresight activities towards vision assessment and emphasise 

their important role in the shaping of CTs appropriately to social values and ethical 

considerations. CTEKS also recommend the integration of a CT dimension in the FP6 

programme calls in particular to the thematic priorities of nanotechnology, IT, life 

sciences, social sciences and humanities. Furthermore, member states are encouraged to 

promote the process of CTEKS by prototype CT initiatives through national funding 

programmes and foresight activities (HLEG, 2004). 

CTs will significantly affect the research priority setting of the EU. The multidisciplinary 

oriented CTEKS concept merging specific problem orientation and holistic approach will 

challenge the member states having different R&D characteristics, capacities and 

strategies. Some experts consider the HLEG report as a good starting point for further 
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debate and emphasise the need to further reflection and elaboration of some of the ideas 

(Coenen, Rader and Fleischer, 2004). 

 

 

III. 3. 4. NanoNed Concept of the Netherlands 

 

In the Netherlands, the debate on nanotechnology in the last three years increases slowly 

but steadily, building up from the bottom and leading to political attention. The first Dutch 

activities made clear that nanotechnology is still at an early phase of development, but with 

the need of considering expectations towards to it and its uncertainties (Van Est and Van 

Keulen, 2004). 

Based on the focus on nanotechnology, there is also a well-developed national effort on 

CTs in the Netherlands called NanoNed (Rip, 2005) that operates as a consortium of Dutch 

research institutes working in nanoscience and nanotechnology, many of them from the 

university sector. The NanoNed national R&D initiative focuses on 11 flagship programs 

based on national strengths and economic relevance, and their co-operation. CTA with 

socio-technical scenario focus is a highly integrated component of NanoNed under the 

leadership of Arie Rip. CTA in NanoNed focuses on socio-technical scenarios and 

emerging irreversibility, furthermore on emerging alliances and networks between various 

actors. The main focus is on processes of co-evolution of nanotechnology and society, and 

on their improvement with three main components. Firstly, the mapping and analysing of 

ongoing dynamics of technological development, and the actors and networks involved, 

also considering the further process of further embedding in society, with special attention 

to emerging patterns. Secondly, there is an emphasised focus on socio-technical scenarios 

about further developments and possible impacts in order to stimulate reflection. Finally, 

the search for and identification of early signals of impacts are emphasised.  

The intellectual framework of NanoNed consists of three main issues of responsible 

innovation, governance of new and emerging science and technology, and the 

consideration of ethical, legal and social aspects, that are related in terms of reflexive co-

evolution of science, technology and society. Responsible innovation refers to innovation 

activities in which social aspects, desirability and acceptability are taken into account with 

responsibility as a prospective element with CTA support, focusing on responsibility of 

innovation actors in the interaction with various societal actors, suiting the open-ended 

character of nanotechnology developments. Governance of new and emerging science and 

technology focuses on the actors get involved in the processes and create patterns of 
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interaction which enable and constrain further action, considering governing carried by 

multi-actor and often multi-level arrangements and the challenge of the open-ended 

characteristic emerging science and technology. CTA aims at mapping of expectations, 

alliances, and emerging networks so as to identify patterns shaping further development. 

Its importance should also be emphasised as impacts are always co-produced through a 

variety of actions and interactions, and not just appear as the direct result of a new 

scientific or technological option. Ethical, legal and social aspects highly relate to and 

support both responsible innovation and the appropriate managing of governance24 (Rip, 

2005). 

 

 

III. 3. 5. UNESCO Perspective on Converging Technologies 

 

The international debate also continuously explores further aspects of different countries. 

One of the possible following concepts of CTs will be UNESCO’s perspective on the issue 

that is intended to be developed in December 2005 in the framework of the workshop on 

‘Social Visions for Converging Technologies’, jointly organised by the Hungarian 

UNESCO and the Department of Innovation Studies and History of Technology of the 

Budapest University of Technology and Economics (BME)25 in the framework of ‘Forum 

on Technological Development’ based on the idea of Banse (ITAS, Institute for 

Technology Assessment and Systems Analysis, Research Centre Karlsruhe) and Hronszky 

(BME, Department of Innovation Studies and History of Technology, Budapest University 

of Technology and Economics).  

The workshop aims at focusing on the social visions of CTs and considers the perspectives 

of the less developed countries that certainly have different views on the issue than US and 

EU concepts. The context of the issue is highly important as a new type of technological, 

and on this basis, social exclusion will emerge in the field of converging technologies. By 

turning attention to this possible new, coming exclusion process, the UNESCO as a 

specific intermediary intergovernmental organisation aims at avoiding the similar and more 

significant effect of this possible as the existence of the social exclusion in informatics, the 

                                                 
24 The exploration of the potentials of ethical, legal and social aspects is funded by the nanotechnologist, as 

they have high interest in both the outcome and in anticipating the future concerns of politicians and the 
public (Rip, A., 14.01.2004, Twente University, video conference material, 
http://www.nanotec.org.uk/evidence/RipArie.htm, 17.08.2005). 

25 I have the responsibility for the technical co-ordination of the conference. 
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so-called digital divide that can be experienced on a worldwide, regional, country, or 

community level, down to individuals. 

With globalisation the complexity of interactions in the entire social-nature system is 

growing, simultaneously with the uncertainty surrounding us. Social processes are more 

non-linear than earlier and the inherent uncertainty in the processes of the natural 

environment cannot be neglected anymore. On the other hand, knowledge needed for 

making rational policy decisions is also getting strongly uncertain. All these require 

introductory reflection on more narrow topics of technology development, like the 

discussion on the advantages and dangers of the development of CTs. This reflection 

should be based on the nature of uncertainty and its rational management (Nelson and 

Hronszky, 2005). 

As the initiators of the new proposed perspective highlights, the problems of sustainability 

widens to the problems of sustainable societies. The development of any new technology 

may represent risk to develop new technological divides, with subsequent social and 

political tensions. The original problem of sustaining nature as the basis for all social 

development is a problem that must be handled through managing a complexity of 

different types of social sustainabilities. Balanced technological development is a main 

element of successful transition toward sustainable societies. If we want to put a slightly 

different emphasis on the technological dimension, we must emphasize the needed 

development toward sustainable technologies not only in their relation to nature but also in 

the possible “social divides” emerging from such new technologies (Nelson and Hronszky, 

2005). 

The main question in connection with sustainability appears in connection with what kind 

of value systems should be considered as a basis of sustainable technology development 

and also in what kind of sustainable society. 

Sustainable technological development for a sustainable society requires a complex series 

of innovative efforts and anticipatory actions of safety and security on a global level. This 

balancing effort can only be realized through the co-operation of the most probable actors 

in the technological arena. “The widest variety of social agents, from individuals and 

groups, to firms, movements, institutions, states, etc., must be called upon to engage in 

conscious reflection and ongoing co-operative discussion on the complexity of both 

strategic and tactical measures for developing sustainable technologies” (Nelson and 

Hronszky, 2005, 8). 

The results of the workshop as the UNESCO perspective on CTs will be published in early 

2006, contributing to the ongoing international debate on the issue. 
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IV. Risk Management Approaches 

 

IV. 1. Risk Management Towards Inclusive Risk Governance26 

 

 

IV. 1. 1. Elitist Era: Expertocracy 

 

The science of technological risk emerged in the 1960’s simultaneously with the 

appearance of environmental problems and the introduction of high risk potential 

technologies as nuclear technology. There was an increasing demand for a science that 

assesses and evaluates risk and provides for scientific regulating and management 

knowledge. 

Technological risk assessment emerged as a formal discipline already in the 1950s. 

Technological risk assessment, following the methodology developed for insurance issues, 

required further focus on special issues, and later safety hazard analyses appeared in the 

1950s and health risk assessment in the 1970s than followed the emergence of ecological 

risk assessment (Kolluru, 1996). 

In the early phase of risk management, risk was considered to correspond to technological 

risk, and later mainly identified as economic risk. Risk management based mainly on 

quantitative factors led to widely applied quantitative risk assessment (qRA) methods that 

were dominantly used for decades. This period was characterised by the intention to 

develop technical risk concept as a solid part of the design phase of engineering activity, 

which main methodological guideline from social science perspective was the distinction 

of objective from subjectively imagined. 

Risk assessment is a scientific process of investigating phenomena to estimate the level of 

risk (Kamrin, Katz and Walter, 1994). It contains the overall process of risk analysis and 

evaluation (Pitblado, 1996). Risk management is an effort to reduce risk using the results 

of risk assessment and social, economic and legal considerations for regulatory and policy 

                                                 
26 The Institute for the Protection and Security of EC-JRC led by Silvio Funtowicz organised the ‘Inclusive 

Risk Governance: Challenges for the Enlarged EU’ international workshop 2-3 December 2004 at 
Budapest with the joint co-ordination of the Hungarian Academy of Sciences – Institute of Sociology and 
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decision-making (Kamrin, Katz and Walter, 1994). The main target of risk management is 

acceptability or tolerance of risk (Kolluru, Bartell, Pitblado and Stricoff, 1996). It 

systematically applies management policies and procedures and practices to analyse, 

evaluate and control risk (Pitblado, 1996) Risk assessment was considered as a scientific 

process whose input was one the basis of risk management processes of broader 

perspectives (Kamrin, Katz and Walter, 1994). In the reductive, analytical approaches 

based only on the quantitative risk formula (qRA) risk was defined as a function of two 

variables - the probability of an impact and its magnitude. The approach in establishing a 

science of technological risk was adversary. This was considered the ‘scientific’ method 

contrary to ‘soft versions’ with broader qualitative consideration. It is not by chance, but a 

consequence of the adversary attitude that there was made emphasis on contrasting the 

only qualitative guesses of measurable quantities by the people, the lay persons, meanwhile 

nearly forgotten about the value plurality of risky situations. Risk assessment was a 

province of science while public perceptions were considered naive and irrelevant. This 

situation significantly changed later in the 1980s, when risk science and public values were 

considered as key points of sound risk management (Kolluru, 1996). According to current 

understanding, the determination of damage and probability requires broader view on 

social, environmental, economic and other aspects as well needed to be integrated in early 

phase of risk assessment to serve already as a basis for the scientific process. Risk 

assessment and management are both about decision-making and actions under uncertainty 

(Kolluru, 1996). Broad perspective is also crucial in elements of risk management 

decisions based on risk assessment, technical feasibility and public values that are more 

effective and enduring than the ones based on isolated analyses (Kolluru, Bartell, Pitblado 

and Stricoff, 1996). 

It is rather appropriate to say that underestimating the type and level of knowledge and 

importance of perspectives of non-professional, lay people, risk management was 

characterised by a technocratic approach, and risk management policy based on expert 

calculations where the risk criteria and evaluation was dependent on the special field and 

views of the expert in charge. As soon as the best solution calculable was found, the 

technocratic conflict-management model carried that out. Nevertheless, as it happened 

without taking the ones concerned by the technology into account, it had a dictatorial 

feature being insensible to social needs. Concerning the presumptions of ‘the best solution 

                                                                                                                                                    
Department of Innovation Studies and History of Technology at the Budapest University of Technology 
and Economics. I had the responsibility for the technical co-ordination of the workshop. 
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calculable’ we call the reader to remember earlier pages of the Thesis, where it was 

definitely shown how far ‘the best solution calculable’ has a ‘discursive nature’ (see pg. 

31). 

The scope of a problem was determined by the policy. The choosing of steps to be taken 

and the way to be taken were also set by experts, which resulted in a process where 

members of society affected by a certain problem were practically left out of each phase of 

the process of risk management. The experts restricted themselves to accomplishing the 

given tasks in the best possible way, concentrating mostly on the challenge of the policy 

and not on the impacts on society. As a consequence, the social optimum was to be 

adjusted to the previously calculated technical optimum, which could not be applied 

appropriately in case of uncertain knowledge27. 

Additionally, a formal normative approach appeared in the 1960’s, whose central 

component was risk defined by natural-scientific accuracy. The formal normative phase 

dealt with risk description, exploration and analysis, ignoring some important aspects that 

proved to be essential later. The main characteristics were rationality and predictability, 

therefore the protection against dangers seemed to easily be planned. 

In the early phases of risk assessment, there were attempts to define risk by mathematical 

forms giving a simplifying model of reality, although those oversimplified the reality of 

complex situations and could not be applied widely in specific cases. Following certain 

measuring proceedings, risk was determined by mathematical accuracy. The analysis was 

based mainly on statistical methods, aggregated probability-theory methods. These 

quantitative examinations identified a precise damage-value in spite of the fact that damage 

cannot be specified purely on quantitative ground to get correct results; certain non-

quantifiable elements were not studied at all. 

In the initial stage of risk management, risk was attempted to be quantified, which, in this 

objectively measurable form, was found appropriate to compare different risks, 

furthermore, its format was interpretable by each person concerned. On this basis several 

analytical methods came to light. 

On the first hand, formal analyses compared the positive and negative impacts of existing 

and proposed technologies. This category mostly includes cost-benefit and risk-benefit 

                                                 
27 It is important to highlight the work of Chauncey Starr, who was one of the first ones started emphasising 

that social benefits should be evaluated contrary to technological risk, and not just focusing on the social 
resource requirements of the technology. Chauncey Starr aimed at giving exact quantitative answer to the 
‘how safe is safe enough’ question (Starr, 1969; and Starr, Rudman and Whipple, 1976). 
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analyses. They fully quantify the problem by attributing monetary value to each element of 

the decision (OECD, 2001b).They have the advantages of applicability to several problems 

because of their flexibility, and of having a wide range of methods and providing clear and 

unambiguous results even for non-professionals. However, adopting these analyses only in 

themselves can be vulnerable from technical, political and theoretical points of view. They 

cannot handle the complexity of interactions and provide complete picture of the risk issue 

(OECD, 2001b). They cannot present the impacts that are difficult to measure; their 

consequences are oversimplified and not appropriate to solve social conflicts, and, what is 

more important they cannot handle the problem of the equity of risk-taking. 

On the other hand, quantified results were gained from analyses of the past. Failure cases 

of the past were frequently subject of evaluation both in detailed analysis and as using 

them in large numbers for generic frequency estimates (Pitblado, 1996). 

The idea according to which the description of the past is at the same time the approximate 

description of the future, is accompanied by the incapability to cope with modern risks, 

since regarding them, there is no experience to be extrapolated. Ironically enough, 

mankind is genuinely creative in producing endangering risk too. 

Furthermore, another general method was to ask experts’ opinion in connection with 

evaluating of the acceptability of a certain risk. Nevertheless, it is not yet doubtless 

whether the technical competence entitles the experts to be authorized to judge the values 

of society and decide the criteria of acceptability. The technocratic society is characterised 

by the centralised combination of knowledge and power, but experts are also influenced by 

their subjective value-judgements and interests. Furthermore, even an expert of completely 

honest intentions may be inexperienced in other scientific fields and in decision-making. 

At examinations of approaches on merely quantitative basis a number of problems have 

been explored. Risk assessment is characterised by uncertainty in all of its steps as limited 

data and knowledge requires researchers to make assumptions, which only enables the 

estimation of risk The statement of risk is not a necessarily statement of fact (Kamrin, Katz 

and Walter, 1994). Because of the limitation in scientific understanding, models, methods 

and results of most risk assessment are at best approximations. Mostly uncertainties in 

environmental risk assessments lead to radically different estimation based on the group 

that produced the estimation (Covello, 1996). This equal to the methodological problem of 

being decisionistic in terms of establishing factual knowledge of risk. This difference is 

also analysed in the ‘Divided we stand’ (Schwarz and Thompson, 1990) model which 

basically originates from the relations of the nature and different rationalities of a multi-
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polar society. In connection with assumptions it should be highlighted that the more 

accurate description of a range of risk estimates is based on optimistic or pessimistic 

assumptions (Covello, 1996). In case of the investigation of low-level risks, the applied 

methods lead to results with high error limits that cannot be accepted. Damage is easily 

definable in well-isolated cases. However, the simultaneous examination of several events 

brings up a number of problems, managed by the quantitative approach only in a limited 

way. The complex exploration of issues is to be accomplished with regard even to the 

qualitative factors. Researches on risk were expected to produce clear limits, nonetheless 

this cannot be carried out, as risk values are not to be generally related to parameters as it 

requires political or other social considerations since the different segments of society react 

in different ways to the arising questions. The level of risk is only one variable among 

many others that determines the acceptability of risk. Risks with involuntary, 

uncontrollable, immoral, unfamiliar, dreadful, uncertain, catastrophic, memorable, unfair 

or untrustworthy characteristics may significantly effect risk perception of the individual 

based on the person’s rationality (Kamrin, Katz and Walter, 1994). Thus the decision on 

risk acceptability is not a technical but value question which requires the consideration of 

differing values and opinions calling for debates about values and control (Covello, 1996). 

This eminently requires political approach in risk assessment and management. The former 

focus of most risk comparisons was annual mortality rate, but the above mentioned 

recognitions required the formation of concepts that aimed at building on broad and 

diverse set of factors influencing risk perception and acceptability (Covello, 1996). To 

make risk management more effective, broader stakeholder and public involvement is 

required and research should focus more on the laboratory of the ‘real world’ (McCallum 

and Santos, 1996). 

The above-mentioned quantitative analytical methods are different in terms of the way to 

make rational decision. This problem cannot be solved generally, since only such decision 

can be made that meets the requirements of the rationalities of the given society that 

requires comprehensive policy approach towards the identification of values as basis of 

forming risk management strategies. 
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IV. 1. 2. Emergence of Participative Approach: Towards Public Participation 

 

 

The problems of the application of scientific methods in the assessment and then 

management of risks began with the major industrial hazards, mostly implicated by nuclear 

power. In the beginning quantitative techniques of statistics or of modelling were believed 

to provide enough guidance for risk policy and management, but as experience 

accumulated, it became clear that even though science is an essential core of the process, it 

could not be the whole and new additional approaches and supplementary methods are 

needed. As Pitblado (1996) highlights a crucial aspect, expert judgement tends to be less 

effective in cases of large complex systems, where there is no single dominating risk. 

Furthermore, approaches successfully applied in mono-disciplinary research meets their 

limits when society is facing with trans-disciplinary issues (COMEST, 2005). 

Classical quantitative risk assessments, like the so called technical and (natural) scientific 

risk concepts widely applied in the 1960’s and 70’s, ignore the social and cultural value 

dimensions of risks, but social scientific risk research has involved them in risk perception 

and developed techniques and models to the application, which considered that lay people 

take other contextual risk characteristics as a basis in addition to probability and extent of 

damage for risk assessment. There are further risk characteristics besides these dimensions 

that should also be integrated into rational risk policy under normative aspects. Risk 

assessment approaches have been moving toward to be able to follow the society’s real 

need in connection with the assessment of risk by developing models that aim at including 

the complexity of risk perception of the society to increase the effectiveness of policies and 

applicable methods. 

In spite of the fact that the concept of risk was considered precisely defined previously, by 

the 1980’s differences began to appear between the calculated and the experienced 

values28. As a result of the examinations, a new, participation-based risk assessment 

approach came on the scene, gradually gaining ground. The approaches based on purely 

technical grounds were complemented with social, cultural, and political factors forming a 

‘social approach’ (OECD, 2001b). Instead of considering risk as a central concept, 

                                                 
28 It must be realised that risk assessment is already the setting of politics with hidden processes. One can 

typically develop different risk assessments in the same field, exactly that many as there are actors in the 
political arena. This recognition brings with itself the problem of radical relativism and with this the 
suspect that the different risk estimates have no other role than ‘strategic resource’. To defend a theoretical 
view against these both changes can be the task to solve here (Imre Hronszky, verbal notification, 
Budapest (Budapest University of Technology and Economics), 02.08.2005). 
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problem structures, and values became central elements. Objective, value-natural risk 

approach changed towards incorporating subjectivity into the analysis. Expert centred and 

scientific models changed towards multidimensional models giving space for integrating 

values of interested and affected parties, while also realising context dependency of the 

acceptability of risk (Slovic, 2001 cited in OECD, 2001b, 20). The modern, democratic 

approach was to firstly specify the values that became the basic criteria of the later 

calculations and evaluations by utilising participation. Risk management should include 

early opportunities for participation by variety of interest (Kamrin, Katz and Walter, 1994). 

Due to the change in aspects of risk theory, multi-characteristic and multi-participant 

models appeared. The democratic model is based on the involvement of stakeholders 

concerned and on finding mutual consent. Participants of decision-making can be experts, 

laymen, stakeholders of the society, civil organisations, supervisory authorities, chambers, 

industrial companies, enterprises and others who are concerned by the risk in any way and 

make efforts to solve the problem. As a consequence, the opportunity to prevent the abuse 

power in decision-making processes has higher possibility and the monopole position of 

experts and politicians in risk management is significantly reduced. 

Weinberg (1972) highlights the importance of the case when important scientific questions 

can be formulated without the real possibility for experimentation. For this case he coined 

the term ‘trans-scientific’ which consists of three different types of challenges. Science can 

be inadequate when the costs of experimentation are significantly high to be carried out, or 

the numbers of variants are too high for the rational natural-scientific calculations, or when 

the issue consists of moral aspects.  

It must be highlighted that challenges in the area of “we don’t know what we don’t know” 

like BSE, GM products, global warming, rising of sea level, leads to new considerations in 

connection with science and society. According to this, it is important to clarify that in 

which cases should we consider the application of public participation since its relevance is 

undoubtedly increases, but one should not consider its relevance in all areas of science. As 

Mosoniné points out (2005) that in connection with participation we should focus on those 

problems that emerges with both under uncertainty and high level of social and political 

risk, which area is not higher than 5% of current research areas, although their significant 

medium and long term effects requires careful attention. These cases should be considered 

differently from the case of normal science. Funtowicz and Ravetz (1993) provide a model 

to analyse this topic and distinguishes four main areas of science as core science, applied 

science, professional consultancy and post-normal science in connection with decisions at 



 

 58 58 

stake and types of knowledge to inform these decisions29. Uncertainty represents the 

limitations or unavailability of confident knowledge on the functioning of the systems, and 

stakes indicate the magnitude of consequences (Figure 6). 

 
 
 
         Decision stakes 
 
                                                                         0. Core science 
             1. Applied science 
                                                                         2. Professional consultancy 
                                                                         3. Post -Normal Science  
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Figure 6: Model of Scientific Methodology 
(after Funtowicz and Ravetz, 1993, in Molnár, 2003, 129) 

 

The term of post-normal science helps to show the main area of science and society 

considerations. The peer-reviewed core and applied sciences where expertise is fully 

effective, are basically not main considerations, while professional consultancy necessarily 

involving expert judgement due to the challenges of expertise can be part of the 

discussions. Expert judgement in order to be able to realise its cognitive task, needs to 

develop appropriate interface with practical knowledge-bases. The post-normal science is 

characterised by high level of uncertainty and the importance of value plurality, many 

times rooting in ethical issues and risk provides many reasons to consider wider, especially 

public participation since the relation between expert knowledge and both the practically 

meaningful local knowledge and values of stakeholders may change, furthermore by high 

stakes to consider with the need of taking urgent decisions. In case of post-normal science 

we cannot fully rely on the competence of traditional expertise and problem-solving 

methodologies, and even in issues where we face with high decision stakes with low level 

of systems uncertainties “a defensive strategy will involve challenging every step of a 

scientific argument” (Funtowicz and Ravetz, 2003, 5). Stakeholders' participation appears 

as an issue not narrowed only to decision-making, since post-normal science calls for the 

integration of the social values of the public already in the cognitive process. As 

                                                 
29 The first framework of post-normal science was presented at the first conference on Ecological Economics 

by Funtowicz and Ravetz in 1991 in their lecture on ‘A New Scientific Methodology for Global 
Environmental Issues’. 
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assessment becomes increasingly value-laden, pure description and analysis fails in post-

normal situations. Post-normal science appears as a complexity-motivated approach, which 

justifies public participation as a policy response to an increasing uncertainty 

(Boudourides, 2003). As a critical change, post-normal science represents a new 

conception of the management of complex science-related issues, focusing on aspects of 

problem solving that tend to be neglected in traditional scientific practice and considers 

these elements as integral to science in order to provide a coherent framework for extended 

participation in decision-making, based on the new tasks of quality assurance. The new 

problem-solving strategies of post-normal science consider both the role of science in its 

full context of the complexity and uncertainty of natural systems and the relevance of 

human values. In the relevant areas, it aims to provide an appropriate methodology for 

integrating complex natural and social systems and response based on  bringing 

traditionally distinctive ‘hard’, objective scientific facts and ‘soft’, subjective value-

judgements into a unified conception of problem solving with the emphasised 

consideration of the plurality of legitimate perspectives, leading to a focus on dialogue and 

mutual learning, mostly emphasising issues at the interfaces of science and policy where 

uncertainties and value-loadings are critical, which are targets of policy processes 

characterised by system complexity with interrelated natural, technical and societal 

elements (Funtowicz, and Ravetz, 2003). 

While core and applied sciences aimed at subsuming the individual under the general by 

calculation, professional consultancy subsumed the individual by expert judgement and 

post-normal normal research finds ideal the knowledge that is good enough, “reached by 

participation, experimentally proven knowledge for some value-consensus” (Hronszky, 

2003, 164). While core and applied sciences have technical difficulties due to adjusting the 

paradigm, professional consultancy has technical difficulties in terms of reliability rooted 

in the problem how far a general approach can be applied to individual cases. Post-normal 

science has to face with the challenges of rethinking basic issues along social values in the 

context of growing uncertainties of issues with the increasing need of goal criticism, in 

order to reorient cognitive orientation (Hronszky, 2003, 170). It is important to stress that 

the approach of post-normal science should be considered as an assistance for experts, as it 

is the normal science approach should be made aware ‘post-normal’ nature of emerging 

problems as the BSE case has already clearly shown30. New problem solving beside simple 

                                                 
30 Funtowicz and Ravetz (2005) highlights that differently from traditional areas quality consideration have 

crucial importance in post-normal science issues and points out the inadequate nature of traditional 
mechanisms in these cases. In the BSE case researchers and policy advisors had not stressed the decision 
stakes of the official way of approaching the problem, and later also needed to admit that the main factor 
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scientific exercise should incorporate the consideration of full context of the uncertainties 

of natural system and the relevance of human values. According to this, participation the 

intention to move toward participation is not only a possibility to enhance the 

democratisation of processes, rather constraint in order to shift the quality assurance of the 

relevant emerging problems from applying peer review, professional association or the 

market towards the open dialogue between all affected stakeholders of the policy 

decisions, forming an ‘extended peer community’ (Funtowicz and Ravetz, 2005), who are 

expected to offer their ‘extended facts,’ covering “all sorts of local knowledge, anecdotes, 

community based research, personal and communal value commitments” (Ravetz, 2001, 6, 

cited in Boudourides, 2003, 6). Within the possibility of the extended peer community to 

broaden the framing of the issues the main consideration of participation policy processes 

of decision-making is to avoid the failure of basing decisions entirely on the purely 

technical dimensions of the issues and to contribute to the accomplishment of high-quality 

policy outcomes, however it is also implicates further extension of democracy (Ravetz, 

2001, in Boudourides, 2003). 

Vári (2005) based on lot of international practical experiences highlights that in case of 

technologies characterised by great economical importance, and long term effect with 

limited ability to being predicted under great uncertainty (nuclear energy technologies, 

biotechnologies), classical expert based risk assessment following on either classical 

scientific methods or expert based consultancy, cannot provide sufficient background for 

decision-making, and in these circumstances scientific debates need to be broaden in order 

to involve concerned actors in a process aiming at reaching consensus, but at least 

compromise. It requires social reconciliation and social learning process consisting 

communication among experts of different disciplinary fields and concerned actors. 

Decision-making should follow flexible, adaptive and participative manner, while being 

empirically established and effective. Decision-making should be as opened towards those 

are impacted by the technology as those who are the impactees. Vári (2005) also points out 

the importance to reach sustainable solutions, proving technical robustness as being safe 

enough considering future scenarios, and social robustness as being accepted by different 

social groups. 

The further the issue form scientific consensus and the greater its importance, the greater 

will be the significance of cultural variation and the more problematic will be the standards 

of objective validity (Rayner, 1987 in Jonhson and Covello, 1987). Furthermore as Irwin 

                                                                                                                                                    
was not quantifiable risk, although by this time decision-maker needed to face with a situation 
characterised by both high systems uncertainty and vast decision stakes. 
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and Wynne (1996, in Mosoniné, 2005) points out, the society is not homogenous, but 

multipolar, and thus we can consider multiple ‘public’, which leads to the challenge that 

we need to deal not simply with the connection of science and society, rather multiple 

types of science and public (Mosoniné, 2005). Moreover, this provides special challenge 

for representative democracies to provide participatory possibilities in order to integrate 

public considerations.  

Defenders of expertocracy and representative democracy appealing to bureaucratisation, 

hence to formal rationality and may also identify the delegation of expertise as appropriate, 

tend to emphasise the cognitive difficulties, lay people need to gain relevant factual 

knowledge to participate effectively, while defenders of participation point out their 

essential role in participation either only for political considerations or research based on 

the cognitive social structure of research (Hronszky, 2001). 

In connection with participation, ‘technological citizenship’ (Frankenfeld, 1992), a form of 

citizenship in issues of technology policy should be highlighted. It focuses on the 

requirements in connection with actors of discourse in a ’technological democracy’. The 

concept of technological citizenship is a “status for individuals consisting of rights and 

obligations within bounded technological polities enforced by statist structures”…it 

“reconciles freedom to innovate with the affirmation of the autonomy and dignity of 

laypersons and the assimilation of laypersons with their world” (Frankenfeld, 1992, 459). 

The four types of rights of technological citizenship includes rights to information or 

knowledge, to participation, to guarantees of informed consent, and to the limitations on 

the total amount of endangerment (consisting of the probability, magnitude and uncertainty 

of harm and concentration of power over these) of collectivities and individuals. The 

obligations are even though minimal, should also be highlighted. Technological citizens 

have the obligations firstly to be informed, learn and use knowledge for the governance of 

technology, secondly to participate and to accept the will of the majority, furthermore to 

exercise technological civic literacy, civic virtue and judgement including the capacity to 

think in complex way of technological systems with also moral responsibility and deeper 

ethical reflection as ever more remote persons are affected by impacts of a decision on 

technology. This latest category also includes the obligation to develop scepticism forming 

critical trust and consciousness of perceptual biases (Frankenfeld, 1992). Technology 

citizenship has to stand in the centre of considerations in shifting political decision-making 

towards more participation, furthermore both experts and lay citizens should reach the 

level of technological citizenship, which is rooted in the intention of the concept to make it 
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symmetric for both of them in relation to their political rights concerning technological 

issues. Citizens should not be experts but should acquire the knowledge enables them to 

orient themselves and this knowledge may serve as a complementary and falsificatory 

control for experts. In cases of experts, since their activities appear finally as a social 

experiment, they should acquire knowledge to understand and estimate social 

consequences of their activities. Since participation and expertise mutually assume each 

other, participation requires the formation of co-operative relationship between the expert 

and lay people, otherwise discourse cannot be developed. Technological citizenship has 

different types of cognitive requirement on both sides.  In its proposed co-evolutionary 

interaction process, it provides possibility for the public to corrigate expert failures, while 

expert can systematically corrigate public opinion failure. It also enhances the 

democratising of expertise considering the heterogeneously distributed nature of 

knowledge and the self-reproducing necessary cognitive limits of expertise. It is important 

to highlight that lay people needs techniques as CTA to provide possibility for having an 

overview of the comprehensive issue, for understanding alternatives and relate them to 

their needs and values through interaction with appropriate advisorship to acquire relevant 

knowledge to reasonably participate, since alone they are not able to participate in the 

process of knowledge production which provides expertise having decontextualised nature 

reproducing the need for local knowledge, with the knowledge unknown by the experts 

(Hronszky, 2001). On the whole, technological citizenship helps to formulate mutual 

requirements for the experts, the public and any other participant in the discourse, making 

it more reasonable.  

Participation actually appears simultaneously as both chance and necessity31. It may 

provide higher level of democratic governance. The ‘good governance’ concept of the 

European Union (European Commission, 2001) among openness, accountability, 

effectiveness and coherence emphasises participation as a main principle for establishing 

more democratic governance. 

                                                 
31 It is also important to highlight that in case of ‘Mode 2’ (Gibbons, Limoges, Nowotny, Schwartzman, Scott 

and Trow, 1994) type of knowledge production enhancing application oriented knowledge distributed 
throughout society in a ‘Mode 2’ society is getting more emphasised as a requirement of our time, then 
effectiveness will definitely require wide public participation. As Leijten similarly from this perspective 
points out that “the defining principle of the knowledge society is seen in the development of economic, 
technological and social innovations on the basis of knowledge that is widely spread around and shared in 
society” (Leijte, 2002, 78). Modern innovation turns from a ‘relay race’ to a ‘soccer game’, in which the 
special institutions becomes team members (Gibbons, Limoges, Nowotny, Schwartzman, Scott and Trow, 
1994). The increasingly emphasised problem orientated research requires more open and flexible 
organisation leading to a changing relationship of science and society, where participation becomes crucial 
element of processes. 
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People should have a provided possibility to cognitively participate in formulating and 

solving overarching problems of science and technology policy. In order to maintain or to 

restore our ability to act appropriately as it is possible, beside expert evaluation, 

participation is required due to information uncertainty and ignorance leading to highly 

undetermined situations where the consideration of value plurality increases resulting in 

that assessment should be based on both considerations. 

A significant importance of participation is that the definition of considered characteristics 

and the relevant relationships of risk are based on the consent decision of effected 

participants even if it is enhanced by expert opinions, and it creates a framework formed on 

the basis of the values of stakeholders. This framework is applied for the later activities of 

experts in the process, where role of experts changes towards consultancy. The application 

of participation allows that the technical development approaches the socially acceptable 

optimum based on an attainable maximum of consensus based on the widest participation 

possible, which is highly required in a democratic society. 

Concerning the main places of realising public participation, firstly the field of ignorance 

should be highlighted, where the difference of lay and expert ends as irreducible part of 

any decision-making, secondly, the distributed nature of knowledge and also of utilising 

available local factual knowledge to make expertise more efficient, thirdly the recognition 

that calculations partly include such ’discursive variables’ as damage or benefit. 

Better and more participatory procedures are crucially needed to improve risk assessment 

and management. They can enhance the introduction of public participation in risk 

assessment and management in early phases extending knowledge-base and making 

decision-making processes more democratic (OECD, 2001b). 

Nevertheless, to reach social acceptability of risk, a social debate is needed that forms the 

policy regulating the given problem and the related management approaches. Stakeholders 

of different interests must be involved right from the beginning in the processes. An expert 

analysis can be accomplished only after having consent of the political debate, getting rid 

of the basic error of the technocratic approach and enhancing the real problem-

identification and making risk management more effective. Considering the represented 

relatively narrow perspective of experts related to the decision-making on managing 

complex systems on the level of society, the concept of judging risk by experts, only needs 

to be changed for interactive participation. The approach highlighting the interests of the 

society, does not allow the expert groups the managing of risk decisions, instead they are 

given the role of consultants in the decision-making process. The complex management of 
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risk based on participation requires the necessary interest arranging mechanisms, 

information and decision systems32. 

The responsibility of the decisions on the development of new technologies in a multi-

polar society essentially calls for democratic political decision-making based on wide 

stakeholder and among them public participation. Technology is not neutral, it is 

ambivalent and also has embedded risk factors. Judging the acceptable level of risk for 

society is a particularly important political responsibility, and these decision-making 

processes managing scientific uncertainty and public concerns require the consideration of 

wide ranges of both quantitative and qualitative factors based on the value system of the 

society. Beside the risks that are taken into account there will be risk factors that are 

neglected along the decision-makers’ interest and dominating perspectives. Practically, 

generally acceptable risk does not exist; there is only risk limit at a given place, given time, 

accepted by given people, by a given method, where the limit should depend on the basic 

values of the society. 

The development of mathematics of probability and statistics gradual obscured the fact that 

gaining precisely quantifiable risk is possible only in the minority of cases (Shepherd, 

2000). The initial natural-scientific accuracy is replaced by a social and political approach 

for the complex examining of the risk problem. The investigation of risk situations in a 

social interrelation and successful accomplishment of social debates requires the 

development of a system-based attitude and mentality in the society. Risk assessment tends 

to develop models reflecting to the needs of society in order to increase the efficiency and 

effectiveness of risk policy. New complementary approaches with extended consideration 

on qualitative aspects based on participation and precaution and applicable methods 

appeared within the concerned publics have possibility to act in a co-ordinated way and 

directly affect policy decisions. In issues where stakes are high and decisions are urgent, 

but even the facts are uncertain and values are controversial the former restriction to 

qualified experts are now extended to include citizen participants at many levels. 

Policy-making considering science and technology becomes more inclusive as the former 

closed policy-circles are breaking up for including new actors from civil society. The 

monopoly of scientific experts is questioned and tends to shift towards democratised 

                                                 
32 It is mainly required for technical, not for theoretical reasons, for instance for the needs of bureaucratic 

effectivity and efficiency it is necessary to make analytical reductions. That means that a big part of well-
quantified problems will be practically moved into the routine practice of experts, especially when there 
are not high costs at stake. (See in this respect the classical considerations of Funtowicz and Ravetz in 
Chapter IV.1.2, who, by the way, were mainly interested to show up more fields of risk considerations 
when these practical reductions are inappropriate.) 
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expertise based also on the knowledge of stakeholders. The tendency that science comes 

under the pressure of serving societal and economic demands should also be highlighted 

(IFOK, 2005). The IFOK (2005, 12) paper presented in the end of September in Brussels 

claims that the potential of consumers and users “increasingly gaining importance for 

evaluating policy options”, although in my view instead of evaluation, co-production 

should be more emphasised. 

The widespread application of the analysed participation oriented concepts and methods 

may contribute to the increase of the quality of expertise by extended base of different 

knowledge-types and values, furthermore provide possibility to gain results which also 

help to strengthen expertise that has been subject of fading public trust recently. 

 

 
IV. 2. Precaution 

 

IV. 2. 1. Precautionary Approach 

 
Precautionary approach is an approach to risk management which directly deals with the 

problems of multidimensionality, incommensurability and ignorance. It recognises 

multiple perspectives and it is open to alternatives. It shifts the burden of burden on 

advocates of a technology instead of the sceptics emphasising the rights of wider society 

when placing greater restrictions on certain new technologies (Stirling, 1999). 

Uncertainty and its rational understanding and management in an extended way are central 

tasks. For a long period of time most experts had a strong belief in the exact calculability 

of risk in every uncertain situation and in the use of ‘sound science’ for risk assessment, 

while everyday people insisted believing in the rationality of precaution to realise a ‘better 

safe then sorry’ approach. Very importantly precaution should not be a rest category to be 

applied after calculating risk, but a main element to approach deeply uncertain 

breakthrough innovations cautiously balancing all possible scientific and value arguments 

(Fésüs and Hronszky, 2005). 

Precautionary approach is a complementary approach to the narrow risk approach of qRA 

neglecting the consideration of these dimensions. Very importantly, both the concepts of 

‘science’ and ‘precaution’ are, in fact, entirely consistent and moreover mutually 

reinforcing. ‘Science’ represented by the techniques of narrow risk assessment claimed to 
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be ‘sound science’ proves to a narrow framework for its current purposes, meanwhile 

precaution labelled many times as ‘unscientific’ represents a broader frameworks for risk 

management. It acknowledges the limitation of the qRA approach and considers the 

complexity of issues with the recognition of variability of factors, the alternatives of 

technology and plural value systems. Since reaching win-win situation with precaution is 

not possible, it puts the emphasis more on the democratic rights of the affected public in 

order to minimise negative effects simultaneously explicitly enhancing innovation along 

social acceptance. For these reasons it applies holistic and inclusive approaches to 

problems aiming at avoiding ‘trial and error’ way of technology development balancing the 

both negative and unscientific approaches of ‘anything goes’ and ‘stop everything’. Under 

the broad view of risk management, precautionary approach can be considered to be more 

scientific than the traditional ‘narrow risk’ approach (Figure 7.) (Stirling, 1999). Precaution 

should be applied when risk assessment faces with ignorance and incommensurability and 

as a necessary element of risk management it should be jointly formed with qRA 

approaches. 
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Figure 7: An Alternative Model of Relationships between the Concepts of Risk, Science and Precaution 

(After Stirling, 1999, 21) 
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IV. 2. 1. Precautionary Principle: The European Guideline Regulation 

 

The search for higher level of health, safety, environmental and consumer protection 

belongs to the framework of the single market, which is a cornerstone of the Community. 

The background knowledge of the precautionary principle’s implementation for the 

European Commission is being executed through the EU-STRATA (Strategic Analysis of 

Specific Science and Technology Policy Issues) program sponsored by the Commission, 

which is supervised and coordinated by those experts, whose name is mainly attached to 

the new concept of technological risk management. The application of the precaution 

principle in national and trans-national policy making has been one of the most 

controversial topics worldwide. In result of the debates on the topic, legal steps have been 

taken on European Union level by introducing the precautionary principle as a guideline in 

the regulatory system, which is the basic of the next steps towards the creation of its 

effective application, considering the complexity of its approach. 

Precautionary principle is the „adoption of a precautionary approach as an explicit formal 

element in the design of conventions, treaties, legislation, institutions or other statutory 

instruments associated with the management of technological risk” (Stirling, 1999, 40). 

Precautionary principle is a principle of governance, which is essentially used by decision-

makers in risk management. It should be utilises in problems characterised by complex 

systems and unquantifiable scientific uncertainty, where qRA approaches have limited 

value. “Systems that can suddenly cross thresholds or flip to new state give rise to different 

policy and management challenges” (COMEST, 2005, 25). In these systems experimenting 

and adaptation become crucial. Complex non-linear interactions of open systems under un-

controlled conditions call the application of precautionary principle and a scientific 

principle based on a variety of scientifically based strategies. It is also considered as an 

integral principle of sustainable development aiming at meeting the “needs of the present 

without compromising the abilities of future generations to meet their needs” (COMEST, 

2005, 8). The precautionary principle has an ethical basis and its application is value 

sensitive (COMEST, 2005). 

While the precautionary principle is getting accepted in a growing extent, its specific, 

widely recognised definition has not been shaped. Apart from the few exceptions for a long 

time, the principle has only been a concept providing guidelines for policy makers, unable 

to appear as a rigorous framework in legislation (Shepherd, 2000). The most well-known 
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definition of the precautionary principle can be found in the Principle 15 of “Agenda 21”, 

the 1992 Rio Declaration on Environment and Development (UN, 1992), issued among the 

principles of general rights and obligations of national authorities at the Conference of the 

United Nations held in Rio de Janeiro: 

“Where there are threats of serious irreversible damage, lack of full scientific certainty 

shall not be used as a reason for postponing cost-effective measures to prevent 

environmental degradation” (Principle 15, UN, 1992).33 

Formulating the application of the precautionary principle beside preventive activities has 

been increasingly necessary due to the characteristics of risk and also to recently emerged 

diseases. Cases of the latest category sometimes led to crisis due to the slow application of 

precautionary measures as it happened in connection with managing the BSE issue through 

nearly ten years (Shepherd, 2000). The need to take action in advance of ‘full scientific 

proof’ contravenes the usual approach of governments, which is to take action only when 

there is clear scientific evidence of a problem. Decision-makers usually prefer to wait until 

there is a specific problem to solve rather than act in a proactive way, which is an essential 

approach to the precautionary principle that does not need proof beyond reasonable doubt 

for actions. The application of the precautionary principle demands improved scientific 

methods and a new interface between science and policy that stresses the continuous 

updating of knowledge as well as improved communication of risk and uncertainty. 

Precautionary principle is closely related to the principle of prevention, although the 

precautionary principle is more demanding towards those who threaten the environment by 

their activity, and furthermore shifts from the basic idea that science can reliably assess 

and quantify risk (COMEST, 2005). While the prevention principle requires the 

elimination of the presently predictable negative effects, the precautionary principle 

demands steps to prevent the possible harmful environmental effects even if causal relation 

of complete scientific certainty between the activity and the damage cannot be set up. This 

means a shift from post-damage control to pre-damage control of risks (COMEST, 2005). 

The application of the precautionary principle requires problems characterised by high 

system uncertainties, high decision stakes and uncertainty of knowledge, furthermore 

unquantifiable dimensions of uncertainty. 

                                                 
33 This definition should be considered as a variant of precautionary principle definitions that emphasise 

considerations of different relevant groups, developed to closure. For instance, there are further 
discussions around what can be considered exactly as ‘full scientific’. 
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The way of the practical application of the principle and the range of the resulted liabilities 

are still to be clarified (see the Iraqi war case)34. In specific cases it is possible to oblige 

those who have threatened the environment to prove the fact that neglecting the protection 

does not harm the environment. 

The European Union represents not only an economic community but also a union of 

values, shaping and applying relating policies. From the aspect of the social values, the 

fields of environment, health, provisioning and security features are highly in the list of 

priorities. These values bring up a number of challenging questions to answer and issues to 

regulate such as those of biodiversity, genetic manipulation, radioactive pollution, 

hormone-therapy of animals and the demand for curing infections. These subjects 

concerned appear basically on the level of policies as components of the sustainable 

development. The modification of those risk types whose tendencies are gradually shifting 

towards non-voluntary presumably irreversible risks reduces the possibility of intervention 

as the time passes. 

The precautionary principle has an outstanding importance and it has been involved in risk 

and environmental policies by several regulations on an international level mostly in cases 

of climate change, marine pollution, biodiversity loss, dangerous chemicals and the release 

of genetically modified organisms. Much debate related to the ethical base of environment, 

health, agricultural applications, economic and social effects or issues called for a high 

level regulation also in the European Union, where the precautionary principle was drawn 

up at a policy level for the first time. The fact that the precautionary principle was taken 

onto principle level means that the Community makes efforts to provide a more rigorous 

environmental regulation on a high level of protection, which may have a main role in the 

direction of the later policy of the Community. 

The precautionary principle, issued by the European Commission, combining the aspects 

of precaution, risk taking and participation, has been issued in the European Union 

regulatory system since 2 February 2000. As a Commission issued guideline, it states 

liabilities for all the member countries, leaving the way of performance to their inner 

regulation. The rules of the policy must be built in the national law of the member states, 

either creating rules in accordance with the policy or adjusting the national rules to the 

                                                 
34 The invasion into Iraq shows how this ‘conservative’ political attitude may change through referring for 

justification to extremely dangerous possibilities, like terrorist menace allegedly presumed by Iraq, 
through allegedly mass annihilation weapons (Imre Hronszky, verbal notification, Budapest (Budapest 
University of Technology and Economics), 05.07.2005). 
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community standard by modifications. The Communication issued by the Commission 

(European Commission, 2000) provides an interpretation on the precaution principle, and, 

beyond the approaches, contains implications on the application of the principle in the 

immediate future; furthermore, it renders a more complex risk management possible and 

extends the considerations to more factors, revising the earlier approach which applied the 

principle only in a narrow range.  

The European Union outlined guidelines serving as general guidance in its issued 

Communication, which consists of four main aims (Commission, 2000, 3): 

1. outline the Commission’s approach to using the precautionary principle, 

2. establish Commission guidelines for applying it, 

3. build a common understanding of how to assess, appraise, manage and 

communicate risks that science is not yet able to evaluate fully, and 

4. avoid unwarranted recourse to the precautionary principle, as a disguised form of 

protectionism. 

The precautionary principle of the EU based on the following summarized understanding 

(COMEST, 2005, 13):  

“The precautionary principle applies where scientific evidence is insufficient, inconclusive 

or uncertain and preliminary scientific evaluation indicates that there are reasonable 

grounds for concern that the potentially dangerous effects on the environment, human, 

animal or plant health may be inconsistent with the high level of protection chosen by the 

EU” . 

The precautionary principle approach of the Commission emphasise the application of 

participation on the level of management, while on the levels of assessment and evaluation 

it is expert oriented. Wide public participation has its relevance, but the approach does not 

provide access for participation in other levels than management, which creates an 

asymmetric situation. 

According to the Commission (2000) precautionary principle should be considered within 

a structured approach to the analysis of risk, which comprises the three elements of risk 

assessment, risk management and risk communication. The application of the 

precautionary principle requires the identification of potentially dangerous effects, deriving 

from a phenomenon, product or process, although scientific evaluation does not allow the 
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determination of risk with sufficient certainty. The implementation of an approach based 

on the precautionary principle should firstly start with a scientific evaluation. The 

evaluation should strive for completeness as it is possible with the identification the degree 

of scientific uncertainty. It should support decision-makers with information on the degree 

of uncertainty attached to the results and the available scientific information. The 

Communication highlights (Commission, 2000, 4) that judging the acceptable risk level of 

society is an “eminently political responsibility”, but the decision-makers are faced with 

unacceptable risk, scientific uncertainty and public concerns, meanwhile it is their duty to 

find appropriate answers considering all these factors. In regulating technological 

development we have to face with plurality of political cultures, of rationalities and of 

general moral principles that are inherent parts of technology (Molnár, 1998). “The 

decision-making procedure should be transparent and should involve as early as possible 

and to the extent reasonably possible all interested parties” (Commission, 2000, 4). For 

instance, since EU product legislation defines any product that does not present 

unacceptable risk under normal or foreseeable conditions of use as safe, European 

Environmental Agency (Harremoës, Gee, MacGarvin, Stirling, Keys, Wynne and Guedes 

Vaz, 2001) highlights that public acceptability requires public participation beyond the 

concerns of politicians and experts in the decision-making processes including the 

consideration of values, attitudes and overall benefits. The application of precautionary 

principle requires a scientific evaluation of the possible negative impact of a product or 

practice and also an uncertainty analysis, all carried out in a transparent manner that 

involves all interested parties to the fullest extent possible (Shepherd, 2000). 

The Commission defined the principles of the application of the precautionary principle for 

those actions, which require the necessary application of the principle. According to this, 

measures based on the precautionary principle should fulfil the following requirements: 

1. Proportionality: measures should be tailored to the desired level of protection and 

should not aim for zero risk. 

2. Non-discrimination: comparing situations should follow a coherent manner. 

3. Consistency: measures should be consistently applied with those that have already 

been taken in equivalent areas where the risk is well understood. 

4. Demonstrated benefit: Cost-benefit studies considering short and long terms on the 

proposed measures should be made. The scope of the analysis should be wide with 

non-economic considerations. 
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5. Monitoring: measures should be periodically monitored and research should be 

carried out in order to improve the basic understanding to reduce the 

incompleteness of knowledge in connection with risk that is intended to be imposed 

on society. 

6. Capability for assigning responsibility for producing the necessary scientific 

evidence: in cases of identifying possibilities of risk effecting society the 

precautionary measures should place the burden of proof to manufacturer, producer 

or importer, and the product or process should be treated as dangerous until its 

reverse is not scientifically proved, although this cannot be made a general rule. 

This is a necessary step towards a comprehensive risk evaluation. As Shepherd 

(2000) points out some of Community practice examples when new products such 

as drugs, pesticides or food additives were assumed hazardous unless the 

manufacturer could prove otherwise.  

The Communication intends to provide input to the ongoing debate both on Community 

and international level and to establish a common understanding of the factors leading to 

utilisation of the precautionary principle with also clarifying its place in decision-making 

processes. It aims to establish guidelines for the application of the principle and avoid the 

unwarranted application of the principle, which in certain cases may serve as a form for 

disguised protectionism. 

The precautionary principle may also have effect on global level through its impact on 

trade (Harremoës, Gee, MacGarvin, Stirling, Keys, Wynne and Guedes Vaz, 2001). The 

controversial views on the precautionary principle move on a large scale mainly in 

connection of food safety. The US have argued that the principle is vaguely defined and 

that precaution can be misused as a disguised barrier to trade, furthermore that considering 

food safety decisions based on risk analysis are inherently precautionary in nature, and that 

no additional, separate precautionary principle is needed. Some decisions of the European 

Union on food safety issues as in the cases of banning British beef imports, hormone use in 

meat production, and specific genetically modified crops, have been justified as based on 

the precautionary principle. Actions on these issues, mostly between EU and US have been 

challenged as trade barriers. In the United States, the precautionary principle is not 

explicitly mentioned in laws or policies, although some laws have a precautionary nature. 

In fact, the US has developed many recent food safety policies (US policy on preventing 

BSE, US response to the Belgian dioxin contamination incident, Food Quality Protection 

Act (1996.), “zero tolerance” standard for Listeria monocytogenes (food borne pathogen) 
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in ready-to-eat foods) based clearly on the need for precaution, however this precaution is 

not called a ‘principle’, but it seemed to have been used in much the same debateable way 

(Groth, 2000). The principle has also been applied in court proceedings in the US. As an 

example, herbicide 2,4,5-T was suspended based on the “grounds that the precautionary 

principle gives the benefit of doubt to the authority deciding to implement a precautionary 

measure” against scientifically reasonable appeals (Shepherd, 2000, 15). 

Another criticised effect of precautionary principle is that it seeks to stop innovation before 

it happens, although this is rather doubtful approach since precautionary principle aims at 

avoiding not appropriately considered ‘trial and error’ kind of social experimentation, thus 

it only aims at stopping socially irresponsible innovations. In these studies the focus is 

mainly on the positive effects of former innovations, but the unpredictable characteristics 

of the new hazards seem to be neglected. The goal of precaution is to prevent harm, and it 

forces to defend from possible harm, but it not for preventing progress. Exactly that is why 

the PP is not ‘innocent’, not neutral in social-political issues. Preventing possible harm will 

really slow down or even close some innovation processes and cause harm (whether in 

financial or in other terms) to some producers (Fésüs and Hronszky, 2005) already made 

investments in the technology. 

The implementation of the precautionary principle should encourage innovation and 

planning rather than simply analysis and predicts future impacts. Its holistic approach 

targets complex systems while meeting social needs with lower health cost and lower 

ecological damages. It also encourages manufacturers through the ’burden of proof’ and 

decision-makers to examine the specific topic in a deeper and complex way. The 

application of precautionary policies can foster innovation in better materials, safer 

products, and alternative production processes, while ensuring that decisions about new 

activities are made thoughtfully and in the light of potential consequences. Thus it aims at 

more appropriately balance the benefits and hazards of innovation (COMEST, 2005). It has 

the potential to stimulate innovation, while addressing the limitations in science. It can 

impose a ‘no-go’ or a ‘go-slow’ requirement on certain directions of technology 

development and calls for innovative alternatives for potentially risky technologies towards 

diversification of technologies (COMEST, 2005) . It also reflects to a certain extent to the 

suggestion of the Collingridge-dilemma towards flexible technology choice. The aim 

towards the diversification of technologies actually enhances the creation of alternatives 

for choosing among them through the processes of socially created selection environment 

represented by inclusive procedures, experiments and scientific testing. The precautionary 
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principle provides explicit guidance to decision-making. As a rational decision rule it aims 

to achieve lower and more acceptable risk, of course not aiming ‘zero risk’. It must be 

recognised that it cannot guarantee consistency between cases as it is not a decisions 

algorithm (COMEST, 2005), but its application evolves on case by case basis. Facing of 

enormous uncertainty, multidisciplinary scientific approaches and innovative public policy, 

along with democratic values have to be unified in the decision-making process, and 

considering the responsibility precautionary principle should be implemented as an 

effective part of the regulatory system. It must be realised that any decision for some sort 

of precaution determines the uncertain situation in a way that one of the parties will be 

preferred by the solution and some others somehow disadvantaged (Fésüs and Hronszky, 

2005) meaning that reaching win-win situations is not possible. By using precaution we 

should avoid both profit maximising and damage minimising attitudes that later is based on 

the confrontation of entrepreneurial and concerned attitudes, since higher level of 

application should aim at utilising the  precautionary principle symmetrically, which 

evaluates both negative and positive impacts in a way that it also considers who are 

advantaged or disadvantaged in the analysed issue, and may accept those risky situations 

which would be unaccepted by the damage minimising attitude, if the expected benefit is 

much higher than risk for the same group of actors35. The establishing and managing of the 

regulatory background of the principle essentially requires the integration of the new 

approaches of risk and the continuous strengthening of the activities of the constructive 

way of technology assessment with the wide dissemination of its methods. Simultaneously, 

while the precautionary principle justify action even if there is not yet conclusive evidence 

about risk or negative impacts more generally (Rip, 2002a) and precaution is predicted on 

speculative scenarios (Müller-Herold, in Rip, 2002a), technology assessment can make 

contribution with quality control of these scenarios (Rip, 2002a). 

 

  

IV. 3. An Up-to-date Concept of Risk Management: Systemic Risk 

 

The identification of appropriately applicable methods requires further considerations 

focusing on the diversity of risk, including the challenges originated in the problems of the 

                                                 
35 Imre Hronszky, verbal notification, Budapest (Budapest University of Technology and Economics), 

01.09.2005). 
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perception of risk. The study of Renn36 and Klinke (2001, in Stirling 2001, 11-35) opens 

the way to include various qualitative aspects and takes the leading role in systematically 

distinguishing the different forms of risk considering the constraints of management, 

furthermore identifies appropriate risk assessment strategies. The basis of the new risk 

evaluation and classification concept was originally developed by the German Government 

Advisory Council on Global Change (WBGU) in connection with global environmental 

risks focusing on the phenomenon of climate change and published in its annual report 

1998. 

The importance of systemic risks appears in the context of highly organised societies 

where potential damages instead of directly effecting the individuals and isolated areas, 

they tend to target the vital systems of what societies increasingly depend on, like health 

services, energy, transport, information and telecommunications, food and water supplies. 

Nearly no systems can be considered as simple or linear since most systems comprise the 

potential for complex interactions. Managing risk in increasingly complex systems 

becomes a key issue (OECD, 2001a). 

Systemic risk means the embeddedness of any risk to human health and environment in a 

larger context considering social, financial and economic risks and opportunities. Systemic 

risk is at the crossroads between natural events, social, economic and technological 

development and policy actions. These new interrelated risk fields require new, integrated 

risk analysis with holistic approach focusing on interdependencies among the clusters of 

risk. The new concept aims to provide new evaluation and management methods 

integrating social diversity and multidisciplinary approaches, with the identification of 

standardized practices. The two key element of the approach are the expansion of 

considered factors in risk management and the integration of analytical and deliberative 

processes into regulatory framework (Renn and Klinke, 2004). 

The study develops further the main characteristics of risk evaluation creating a new basis 

for risk policy principles through characterizing different risk potentials on the basis of the 

eight main risk criteria and plenty of sub-criteria. Beside the dimensions of ‘magnitude’ 

(scale of harm), ‘probability’ (likelihood of harm), ‘uncertainty’ (in magnitudes or 

probabilities), basically in accordance with Stirling’s concept (Stirling 1999, 16-19) of 

                                                 
36 The role of Árpád Somogyi should be highlighted, who as a Hungarian academician being regular member 

of the Hungarian Academy of Sciences made significant efforts for establishing the Hungarian Food 
Safety Office in 2005. During his work he systematically relied on the up-to-date risk concept, following 
the interpretation of Ortwin Renn. In 2004 Renn was invited to the Hungarian Academy of Sciences to 
present his views. 
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‘Incertitude’, ’Risk’, ’Uncertainty’ and ’Ignorance’), the other ones closely correlate with 

this three basic criteria. According to this ‘ubiquity’ (geographical extent), ‘reversibility’ 

(potential for restoration), ‘delay’ (latency of manifestation), ‘persistence’ (duration of 

harm) and ‘mobilization potential’ (political sensitivity) are considered (Renn and Klinke, 

2001, in Stirling, 2001, 15). 

The study distinguishes three categories of risks for starting the risk evaluation process. 

The risk areas of normal area, intermediate area and intolerable area are defined. The 

normal area is characterized by little statistical uncertainty, low catastrophic potential. In 

this case only little damage occurs with reversible consequences. Risk of this category has 

low complexity and is understood by science and regulation. The main challenge appears 

in the intermediate and the intolerable areas, where risks go beyond ordinary dimensions. 

In these areas statistical uncertainty is high, and the catastrophic potential can reach 

alarmingly high level. While here risks may also generate irreversible damages even on 

global level, systematic knowledge about the distribution of consequences is missing 

(Renn and Klinke, 2004). 

In order to develop applicable methods, similar risk phenomena based on the same extreme 

qualities are subsumed under six risk classes that were given names from the Greek 

mythology of 700 and 500 BC. Beside other symbolic aspects this period was chosen, 

since in this time the dramatic changes of the transitions in society towards more organized 

agriculture and animal husbandry implied new culture of anticipation and foresight and 

resulted in changes in human self-reflection as becoming from ‘object to nature’, a ‘subject 

to nature’ (Renn and Klinke, 2004). According to these considerations, Medusa-, 

Damocles-, Cassandra-, Cyclops-, Pythia- and Pandora-type risks were identified37 (Table 

1.). 

 

 

 

 

                                                 
37 Fésüs (2005) carried out research in her diploma thesis based on the concept of Renn and Klinke and 

focused on the of ancient Greeks’ differentiated knowledge of uncertain situations which implicated the 
research of analysing and classifying Hungarian treasure of proverbs and some folk poetry. She developed 
9 further class classifications of which each shares the common characteristic of incorporating both 
encouraging and discouraging wisdom, suggesting the balancing of decision through taking into 
consideration both of them. From on other aspect, it should be highlighted that precautionary approach is 
deeply embedded in any nations historically developed culture and can be identified for instance in 
proverbs as well. Very importantly the precautionary approach is always balanced by a ‘courageous 
approach’ in people’s wisdom. 
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Name Probability Magnitude Other Examples 

Medusa Low 

 

Low 

 

High 
mobilization 

Electromagnetic 
fields 

Damocles Low High 

 

 Dams, nuclear 
power, large 

chemical plants 

Cassandra High 

 

High 

 

High delay 

 

Global ecology, 
currently committed 

global warming 

Cyclops Uncertain 

 

High 

 

 Weapons of mass 
destruction, AIDS 
infection, flood, 

earthquakes 

Pythia Uncertain 

 

Uncertain 

 

 BSE, GM crops, 
continued growth in 

global warming 

Pandora Uncertain 

 

Uncertain 

 

High 
persistence 

Persistent Organic 
Pollutants (POPs), 

endocrine disrupters 
 

Table 1: A Heuristic Taxonomy of Different Classes of Technological Risk 
(After Renn and Klinke in Stirling, 1999, 31) 

 

Risk class ‘Sword of Damocles’: In this risk class, threat rather comes from the possibility 

that a fatal event could occur every time even if the probability is low. Risk class relates to 

risk sources with very high potentials of damages and very low probability of occurrence. 

Risk class ‘Cyclops’: It contains risks with the possibility only to ascertain either the 

probability of occurrence or the extent of damage while the other side remains uncertain. 

The probability of occurrence is largely uncertain whereas the maximum damage can be 

estimated. Risk class ‘Pythia’: In these cases it is certain that a great danger could threaten, 

but the probability of occurrence, the extent of damage and the way of the damage remain 

uncertain. Risk class ‘Pandora’s box’: This risk class is characterized by uncertainty in 

each criteria regarding to probability of occurrence and extent of damage with also high 

persistency. Risk class ‘Cassandra’: The risk class Cassandra describes a paradox, since 

the probability of occurrence and as well as the extent of damage are known and relatively 

high, but the threat is ignored in the present, because of the high degree of delay effect 

between the initial event and the impact of the damage. Risk class ‘Medusa’: Some 

innovations are rejected by the public, although they are hardly assessed scientifically as 

threat. These phenomena have a high potential of mobilization in public, because of 

specific characteristics (Renn and Klinke, 2001, in Stirling, 2001). The graphical 

conceptualisation of Table 2 shows the graphical representation of the heuristic risk 

taxonomy based on the six risk classes in the function of the extent of damage and 

probability of occurrence (Figure 8): 
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Figure 8: Risk Classes, A Graphic Representation of the Heuristic Risk Taxonomy 

(After Renn and Klinke in Stirling, 1999, 17) 

 

Through risk classification, risks are located in risk classes in the different risk areas. Due 

to the significant differences of the classes, different strategies are needed in order to move 

different risks to the normal are, where routine management can be applied. This requires 

different strategies with applicable measures for decision makers of the risk management 

and policy level. 

The analysis results in a framework for continuing discussion on different forms of 

technological risk and for the identification of different risk management strategies for 

each of the six identified risk types in the functions of plurality of deliberative processes 

and uncertainty concerning knowledge (Renn and Klinke, 2001, 32) which can boiled 

down to three main strategies. 

The new risk concept identifies three main management strategies for handling the six risk 

classes through reflecting the challenges of complexity, uncertainty and ambiguity by 

applying deliberative methods (Klinke and Renn, 2002, in Renn and Klinke, 2004). 

Science-based strategy is used to manage complexity through deliberation among experts 

in the framework of epistemological discourse aiming at the most adequate description or 

explanation of a certain phenomenon characterized by the risk classes of Damocles and 
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Cyclops. “If risks are associated with high uncertainty, scientific input is only the first step 

of a more complex evaluation” (Renn and Klinke, 2004). Precautionary strategy copes 

with uncertainty through reflective discourse, where stakeholders and public interest 

groups are involved in order to clarify knowledge on a certain issue towards appropriately 

balancing precautionary measure in the cases of Pythia and Pandora type of risks. Among 

other strategies for action, the implementation of the precautionary principle is suggested. 

Ambiguity is managed by discursive strategy mostly in the cases of Cassandra and Medusa 

risk types, where direct citizen inclusion in participatory discourse becomes essential. 

Public participation is applied in weighting of the criteria and in the interpretation of 

results. Values and interests of the public has major role in formulating of visions on the 

future development of technology and societal changes. Beside public participation, risk 

communication is also a highlighted strategy for actions (Renn and Klinke, 2004). 

Good governance seems to rest on the three components of knowledge, legally prescribed 

procedures and social values (Renn and Klinke, 2004). The analysed models of Stirling 

and the systemic risk concept of Renn and Klinke as a modern risk concept representing a 

new approach towards a more comprehensive consideration of risk factors intends to 

reflect to the greater variety of social needs, avoiding the classical risk assessment 

approaches with ignored values and neglected qualitative aspects. This approach aims to 

merge risk taking need of innovation process, participation and precaution into one 

concept, which highlights that risk assessment should consider the same priority for 

qualitative issues of social values and the quantification of probabilities and magnitudes. 

The new risk concept move towards emphasising qualitative aspects of RA, as 

complementary to qRA allowing the implementation of an approach to the management of 

technological risk, which is both ‘scientific’ and ‘precautionary’ at the same time to 

provide globally applicable, suitable new principles and strategies and also adequate risk 

management practices for risk managers and policy makers. It must be highlighted that due 

to the characteristics of risk and certain limitations of qRA approaches, precautionary 

approach tend to represent a more scientific approach than traditional narrow risk 

assessment neglecting these considerations (Stirling, 1999). The basic challenge according 

to the systemic risk concept is to propose more effective, efficient and reliable methods of 

risk assessment and risk management, reflecting specific functions as early warning, new 

assessment and management tools, improved methods of effective risk communication and 

participation, while at the same time, ensure path towards new innovations and technical 

breakthroughs. 
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V. Case Study on Constructive Technology Assessment: The Danish 

Mode of CTA 

 

This chapter presents the main characteristics of the advanced Danish practice of 

constructive technology assessment as a case study, highly recognised for developing and 

disseminating participative methods. It explores the main participative methods in the 

institutional spheres. Based mostly on in situ investigation, this part highlights the main 

roles and challenges of application of different variants of participative technology 

assessment methods and the possibility of developing methods applicable in most spheres. 

 

 

V. 1. Need for Analysis of Danish Practice: Brief Presentation of The Situation of 

Technology Assessment in Hungary 

 

The analysis of Danish mode of CTA intends to provide insight to the practice of the 

leading country in this field from the perspective of the current Hungarian practice. The 

topic requires the consideration of the Hungarian social and political background, which 

went through a great change since 1990, forming the basis of moving towards from the 

practices of state socialist system to a more democratic approach of managing conflicts 

originated from either environmental issues or technical aspects. The main challenges of 

Hungary connect to the effective formation of the background of the legal, social, and 

political factors, which determine the application and focus of the practice of TA and 

public participation. These also affects the implementation of procedures, and the 

formation of  social learning processes, furthermore the institutionalisation possibilities of 

technology assessment, with its application on an up-to-date level, avoiding the 

disadvantages of the former practises38. 

In the era of state socialism, technical approach characterised by strict central government, 

limited public access and strong reliance on technical criteria, was used. Decisions were 

made by elite of professionals and possible alternatives, and their evaluations were held 

secret from the public and results of decisions were explained only later, mainly through 

                                                 
38 The dissemination of TA methods in Hungary and the implementation of necessary advisory bodies 

operating for the Hungarian Parliament and for particular ministries of the government in an up-to-date 
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technical and economic arguments. In Hungary and also generally in Central and Eastern-

Europe, long-standing acceptance of top down decision-making, public passivity, and the 

transferring of responsibility to public authorities developed into slowly changeable 

tradition. After the political transition the market approach emerged with offering financial 

compensation, but its legitimacy is questioned by now. Currently, both old and new 

approaches and various conflict management methods are existing simultaneously (Vári 

and Caddy, 1999)39. 

Since the transition to democratic government, the legislative framework for public 

participation has been significantly expanded and reinforced. Culture of rights to 

information, consultation and participation begun to take root. In Central and Eastern-

Europe legal provisions for public participation in the field of environment are far grater 

than in other policy areas, thus provide a unique testing ground in environmental decision 

making, which is a specific arena for interaction between public authorities and private 

individuals, also providing possibility of social learning (Vári and Caddy, 1999).  

Vári40 (1994, 133) highlights that siting of industrial and infrastructure facilities with 

potential negative impacts on the environment has become a burdening experience in 

Hungary and due to the strengthening the civil society and to the legal framework 

providing possibility to public participation, “public protest against the construction of 

energy producing and waste management facilities, highways and bridges have become 

more frequent and vehement”, but in the early period the environmental conflict 

management practices and methods have not developed in accordance with the 

requirements. The tendency gradually shifted from reactive to proactive approach to 

problems as in the case of siting of spent fuel storage facility in Hungary in the early 

                                                                                                                                                    
form would be essential to create sounder background for the handling of new challenges in governance 
(Várkonyi, 2005b). 

39 In their book on ‘Public Participation in Environmental Decisions’, Vári and Caddy (1999) review recent 
experience of public participation in Hungary, which has great relevance also to other Central and Eastern-
European countries, by critical analysis of case studies of environmental decision-making in the 1990s in 
the fields of siting of facilities, local and regional environmental planning, and national policy making 
showing the varying degrees of success of public participation through cases from the wide spectrum of 
policy areas involving waste management, water quality, transport and infrastructure. 

40 Anna Vári carried out several practical researches on conflict perspectives in multi-stakeholder processes, 
decision supporting systems and public participation in environmental decision-making processes, 
furthermore on the development of conflict management, moreover developed practical methods for 
approaching nuclear risk from public participation perspective. She summarised policy and management 
recommendations through many practical case study analyses in various Hungarian and international 
topics among others as the siting low-level radioactive waste disposal facilities in the USA and Hungary, 
siting spent fuel storage facility in Hungary, waste management and facility siting in Hungary, power plant 
siting in Hungary, siting of secondary reserve gas-turbine power station in Hungary, environmental 
conflict management of siting of a bypass road around Budapest and public participation in developing 
water quality legislation and regulation in Hungary. 
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1990s, contrary to the reactive approach followed in the earlier case of the low- and 

intermediate-level waste repository (Vári, 1996a). Since legitimacy of a decision on siting 

depend on the gained level of consensus between the stakeholders, and on the design of 

fair process and the fair the fair distribution of both risks and benefits, Vári (1996b) 

suggests negotiation of mutually acceptable agreement of the main actors regarding 

principles and criteria of fairness before the before the planning the process. 

The experience and results of early cases established possible role models for making 

environmentally-related decisions as in the case of siting spent fuel storage facility (Vári, 

1996a) and of developing water quality legislation. The later case started nearly a decade 

ago in 1996 in the framework of the PHARE programme and was the first attempt in 

Hungary to directly apply public participation methods in rulemaking from early stages of 

the process. Its importance was significant as there was no history of cooperation between 

those who bring new legislation, relevant experts and those affected. Vári and Kisgyörgy 

(1998) highlight that direct stakeholder participation in the planning of legislation and 

regulation processes is a key importance in finding of feasible and broadly accepted 

solutions, while providing possibility for stakeholders of assisting  the elimination of 

expert preconceptions and the emergence of new alternatives and perspectives. The 

original project extended far beyond its original aims and created a starting point for a 

general model of public participation in Hungary. 

In Hungary the elements of TA and its related activities mostly appeared after 1992 in the 

practice and interest fields of universities and research institutes. Later it resulted in the 

gradual appearance in education and research as well. The former role of OMFB (Országos 

Műszaki Fejlesztési Bizottság; National Committee for Technological Development) and 

the studies of Institute of Social Conflicts of MTA (Magyar Tudományos Akadémia; 

Hungarian Academy of Sciences; recently HAS, Institute of Sociology) and also the 

Budapest University of Technology and Economics should be highlighted in this area. The 

first TA book in Hungarian edited by Hronszky and László under the title of ‘Introduction 

to Technology Assessment’ was published by the OMFB (Országos Műszaki Fejlesztési 

Bizottság; National Committee for Technological Development) in 1994, based on the 

works of most of the leading domestic experts of TA. It established the relevant 

terminology and provided theoretical and historical framework for TA, also consisting the 

analysis of case studies form mainly international TA practices. It aimed at enhancing the 

wider recognition of TA and spread its methodologies, furthermore it can be considered as 

the first initiative in the establishment of TA culture in Hungary. 
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In Hungary the decision-making processes relating to technology emphasize the role of 

expertise. In this expert based framework, there is lack of intention to move toward higher 

level of governance. While expertocracy should be avoided and significant steps towards 

public participation would be needed, the application of technology assessment is still in its 

initial phase in Hungary, meanwhile public participation based TA reached its second stage 

in some of the member countries of the European Union, which requires two main steps 

from Hungary to accomplish in the near future (Várkonyi, 2005b). The crucial importance 

of participatory methods and their applicable formation in the domestic environment leads 

to the issue of the different role of democracy in the former socialist countries with their 

problematic situation of emphasizing technocratic approaches in connection with expertise 

rather than applying discourses and public participation. Generally, small amount of effort 

have been done for awaking responsibility relation to engineering constructions in 

Hungary. Technology assessment remained practically unknown at Hungarian universities, 

ethics for engineers has not much better position. In most of the cases fresh engineering 

diploma holders are not prepared to get integrated in multidisciplinary participatory 

projects (Hronszky, 2002b). The creation of TA as a culture through multilevel education 

would be essentially needed as a background to an effective long-term process. Despite the 

fact that in countries for instance, like the Netherlands (Twente University) and Denmark 

(Aalborg University, Technical University of Denmark41, Roskilde University) TA has an 

emphasised role in technical education, courses in Hungary were only introduced at the 

Budapest University of Technology and Economics until recently. 

In less than a decade, the basic framework of rights to public participation in 

environmental decision-making has been established and was accompanied by the 

emergence of a set of actors which enhances the extended utilisation of new and existing 

opportunities for participation. The joining to the European Union and to respond to 

international initiatives such as the Aarchus Convention were also important external 

factors reinforcing the principle of public participation in Hungarian policy making. Even 

though, without the supplementary measures and strong political commitment, the 

relatively well developed legal framework will continue to meet with limited or formalistic 

application and will increase the widespread disillusionment with institutions of 

                                                 
41 At the Technical University of Denmark, there are significant intentions to develop new type of 

engineering education through the integration of engineering disciplines, ‘citizens’ disciplines’ to create 
technologies that can work, based on socio-technical approach, aiming at integrating broader society in 
their perspectives. These programmes intend to educate engineers with the focus on social-technical 
dimension in order to provide competences for managing projects with integrated, broader assessment of 
technology in their development (Christian Clausen, verbal notification, Copenhagen (Technical 
University of Denmark), 26.02.2002). 
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representative democracy. The basic framework for the exercise of the rights to public 

participation is of recent introduction in Hungary still having limited experience of its use. 

Even those who have decided to use their rights are often disillusioned by their experience 

because of perceiving that the public still counts as little currently as under the previous 

system. Under the circumstances of frequent overlapping of existing laws, lack of 

implementing legislation, the absence of adequate training for those responsible for 

implementation reduces many innovative elements such as the improvement of decision-

making through public participation to mere formalities. The existence of the legal 

framework is only a necessary, but not sufficient precondition for comprehensive public 

participation. Many factors can be identified that hinder the effective use legislative 

provisions for public participation as the overwhelming predominance of economic 

concerns under financial and unemployment hardships, slow evolution of positive and 

proactive relation between public officials and the public with deep-rooted suspicion of 

decision-makers and widespread passivity, furthermore the lack of appropriate mechanisms 

for public participation and of methodological knowledge to manage such procedures 

effectively. Moreover, the extent and intensity of public participation gradually decrease as 

the level at which decisions are made is relatively remote, although the structure of rules 

governing public participation in decision-making also becomes weaker at higher levels in 

Hungary. Involvement in decision-making at the local level where the benefits of actions 

are more immediate and tangible. 

Main changes occurred in connection with the recognition of the need to involve affected 

parties in decision-making by public administration and business, furthermore with the 

greater voice of non-governmental organisations, although neither the exercise of the right 

of proactive participation in cases of the preparations of decisions and the development of 

policies in all policy fields is rarely used nor the successive phase of participation with 

individuals exercising responsibilities which accompany the rights of citizenship and 

considered as partners in decision making has not emerged in Hungary, yet (Vári and 

Caddy, 1999). 

Many developed industrial countries provides the public the possibility to participate in or 

follow the debate, while in Hungary there is an incomplete knowledge on debates, their 

historical development and their lessons. Up-to-date management of risk conflicts requires 

practices of participation with relevant learning processes, but in Hungary risk bargaining 

is still dominant, although it should be the final element of these processes. Many cases of 

industrial facility siting with different results show a trend leading to the more complex 
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management of environmental conflicts with the emphasised role of public participation 

(Hronszky, 2002c).  

Methods of participatory-based constructive technology assessment should be applied to 

increase the role of the public in the decision-making process. The domestic possibilities of 

these techniques framed by political and social approaches and the regulatory background 

should be considered to be widened in order to establish systematical applicability. The 

following analysis of Danish mode of CTA with participative methods being used on many 

levels of Danish the society, create a democratic basis for decision-making on technology 

development, showing a possible, recommended procedure of techniques, being a great 

part of culture and attitude, to the countries like Hungary, aiming to further develop their 

practice in this matter . 

 

 

V. 2. Social Debates and Technology Development in Denmark 

 

The long tradition based democracy in Denmark and similarly as in the Netherlands, 

provides an appropriate background to accept the challenge of the gradually accelerate and 

more rapid changes of technological risks involved in the application of newly developed 

technologies. There is a long-standing tradition for active communication among experts, 

politicians and the general public concerning opportunities and problems associated with 

technological change. “The Danish welfare state is based on a set of common values where 

democracy and citizens participation in debates and decisions is highly appreciated” (Jæger 

and Hansen, 1997). In the surroundings of democratic culture of managing technological 

conflicts in a multi-polar society, the stakeholders’ opinions are considered thoroughly 

carefully, which may contribute to the accomplishing of the aim of establishing a more 

democratic governance of technological risk. 

Danish understanding of TA has a background in the democratic traditions of the country 

ensuring rights to citizens to influence technological development. There is a strong 

tradition of integrative political processes and participatory democracy mostly linked to the 

local perspective (Andersen and Jæger, 1999). The applied methods of assessment on risks 

related to technology emphasize the role of laymen from the initial phase of the process to 

start formulating questions to the experts rather than experts start analysing risks. The 
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possibility for participants to influence the decision-making processes at an early stage has 

a real effect on the development decisions. 

The social debates of the stakeholders and the involvement of the public in the 

specification of the aims of developing technologies have a long, experienced practise in 

Denmark, following a democratic approach in the development and innovation processes. 

Active, public-close risk communication and public participation are widely applied in 

order to reach a widely based consensus to harmonize the different systems of values in the 

society. The basically technological origin changes that have been entrenched in society 

implicated a number of conflicts and generated debates on the different aspects represented 

by different groups of society. Besides the result of creating consciousness about 

technology developments through a dialogue between the different parts of society, the 

enterprises and public institutions can be motivated to emphasize their efforts on those 

technological development activities that are suited to the needs of the society and 

appropriate to the forces of the market. 

Considering society, the social debates following participation based on constructive 

technology assessment approach have the potential to democratise decision-making 

processes on technology development through the involvement of stakeholders and the 

affected groups of society representing wide range of values, aiming at the avoidance of 

expertocracy and decisionism. Considering the leading practice of CTA, Danish 

technology assessment activities have strong participatory and constructive elements 

(Hansen and Clausen, 2000) with the involvement of wide ranges of groups of society as 

politicians, scientists, technology developers and lay people. The Danish TA activities are 

mainly characterised by proactive and interactive, dialogue and participation oriented TA 

approaches. 

The increasing costs of research processes and the effects of the market also require a more 

complex assessment of technology in an earlier stage than previously and the increased 

involvement of the stakeholders with the application of participative methods on many 

areas of the society. 

The Danish approach to environmental policy and technological innovation aims to 

provide solution for environmental challenges and is based on the participatory democratic 

tradition of bringing various stakeholders or interest groups together in order to reach 

consensus, as in many other areas of Danish social and political life, and advise the 

responsible authorities. Stakeholders’ participation in the decision-making process is 

essentially used. The successful application and gained results of participative approaches 
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and methods are highly established in the highly democratic Danish traditions and the 

Danish educational system providing outstanding background to the discussions on social 

and cultural issues and enhancing social awareness of technology development. Citizens 

attach high priority to environmental protection, and the industry seems to act in a sensitive 

way to the environmental requirements (Baark, 1997, 45-69). The broader Danish 

discussion of technology was influenced with its emphasis on including and informing the 

public, mainly by general education and public debates that are important elements in 

Danish society’s democratic tradition, as well as the practice of public information and 

debate through grass-root movements. Political debates led to technology assessments 

characterised by a comprehensive approach and with the emphasised consideration of 

environmental, working condition, health and socio-economic consequences with emphasis 

on grass-root-based development of technologies. 

The Danish as well as the international initiatives with regard to setting technology 

assessment on the agenda was the concerned reaction to a number of technological, 

environmental and energy developments in the 1970s. The basically technological 

originated changes have been entrenched in society implicated number of conflicts and 

generated debates of the different aspects represented by different groups of society. Many 

controversies appeared in connection with technology’s benefits and with its 

controllability. The criticism was raised amongst by the trade unions, environmental 

organisations and by students and researchers at universities with regard to the 

consequences of technological development. The technology-critical public debate and the 

wish for control of technological development were united under the joint concept of 

technology assessment. Inspiration from other countries influenced the idea that 

government and business should ensure themselves against the undesirable consequences 

of the new technology. This created early response to technology assessment activities of 

OECD and institutional developments of USA with major differences as the Danish 

activities focus on a large extent to proactivity, dialogue and participation. On the other 

hand ‘early warning’ was also part of TA activities with the aim at identification of 

unintended and unwanted consequences for regulation. Furthermore driving forces and 

barriers of innovations have been main targets of TA (Clausen and Hansen, 2002). Later 

debates led to discussions on more formalized TA activities. The application of 

participative methods in the Danish model applied on many levels of the society create a 

democratic basis for decision-making on technology development, showing a 

recommended procedure of techniques, being a great part of culture and attitude, to 
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countries intending to establish their ways or improving their TA methodology and 

practice. 

In the recent years TA followed the way of appearing in more specified ways, but also in 

broader area of topics through activities mostly without being labelled TA42. Explicitly 

designated TA activities mostly represented by the Danish Board of Technology and health 

technology assessment activities (Clausen and Hansen, 2002). 

 

V. 3. Spiral of Government 

 

V. 3. 1. Social Experiments as Constructive Technology Assessment 

 

In the formation of information society and national IT strategy in Denmark differently 

from most other countries’ practices, public sector supposed to have a leading role acting 

as a driving force in the development and the importance that technology should be a tool 

for all citizens was stressed. Technology was perceived as an element to strengthen 

democracy at all levels. IT policy considered technology assessment as an important, 

central concept (Jæger and Hansen, 1997). 

An important part of the Danish TA dialogue and participative experience have been 

gained in the 1980s as part of a Danish programme for social experiments with the use of 

information and communication technology related to the development of a new 

telecommunication infrastructure. A political agreement for a cable network led to a new 

type of research that consisted of extensive local experiments with the new technology. 

The plan of network intended to establish a hybrid network as a combination of publicly 

owned, nationwide broadband network and traditional local systems in housing areas and 

neighbourhoods. As the result the hybrid network would only be accessible for 

communities with more than 250 households, which meant that 1.4 million people were 

                                                 
42 Arnie Remmen points out that current TA activities are mostly not labelled as TA, although lot more 

researches influence technology development than before. It is more a problem of visibility than a problem 
that is not taken place. TA now takes mostly part in the development processes in order to influence 
change. Consequence assessment receives far less attention than foresight activities, and the expectations 
are much higher, but in different areas as it has a totally different role considering science and technology 
(Arnie Remmen, verbal notification, Aalborg (Aalborg University), 25.03.2002). 

All large IT firms started to apply usability labs to assess the useability of a certain technology. This did 
not exist in the 1980s, and now although it has TA orientation, it is not regarded as TA activity at all. This 
situation also makes the calculation of currently spent money on TA or TA-like activities a more difficult 
task as well (Arnie Remmen, verbal notification, Aalborg (Aalborg University), 25.03.2002). 
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out of reach of the potential positive impacts of the network (Cronberg, 1990 in Jæger and 

Hansen, 1997). 

A special experimental participatory activity was established as a political compromise of 

the parliamentary decision on investments in a Danish broadband data transmission net 

following the original plans, with the purpose of ensuring that people in rural and remote 

areas would be able to benefit from the net with equal opportunities. This was attempted by 

providing education of users as well as user participation. The implemented experiments 

covered a wide range of information and telecommunication technology applications. This 

research examined the role of interaction between the involved social actors in the actual 

implementation of the technology, and thereby also revealed the unpredictability connected 

with the development process. A search and learning process was formed with a dynamic 

interaction of understanding and change within the frame of a practical test of technology 

and new organizational forms enabling the participants to understand the potentials and 

consequences, and thus providing a new basis for change (Cronberg, Duelund, Jensen and 

Qvortrup, 1991). 

As Jæger and Hansen (1997) highlights the „aim of the experimental programme was to 

clarify the broad social, cultural, industrial, and geographic aspects of the new information 

technology” and „to place it in a societal and organizational context” rather than to develop 

technology as such. 

In Denmark information technology was the main field of the practice of the approach. 

During the period from 1983 to 1990 technology assessment activities were also included 

in the Social Science Research Council’s Technology-Society Initiative, which was 

financing 38 research projects that amounted to 23 million DKK in the field of technology 

and society (Hansen, Danielsen and Ravn, 1992). The main projects on information and 

communication technology were carried out in 16 projects from 1986 to 1989 (Clauensen 

and Hansen, 2002). 

The Committee on Technology and Society appointed by the Social Science Research 

Council promoted research and in particular research environments in the area of 

interaction between science and society. Its operation resulted in the broad formation of 

knowledge regarding the relationship between technology and society, and developed 

professional co-operation between researchers within technological and the social sciences. 

Technology assessment carried out in the broadest sense, contributed to the growth of 

interdisciplinary research environments (Hansen, Danielsen and Ravn, 1992).  
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The target group of the experiments was intended to cover the whole population in the 

communities involved. The targeted goals of the experiments also covered wide ranges of 

areas: „to give inhabitants in remote areas access to technology, to test and develop new 

possibilities of information technology in order to promote a decentralized development in 

poorly developed regions, to stop immigration from rural areas to the cities, to decrease the 

rate of unemployment and to increase the offer of service in the area” (Jæger and Qvortrup, 

1991 cited in Jæger and Hansen, 1997). In order realise these goals a community 

teleservice centres or telecottages were established where „IT equipment was placed at the 

disposal of the citizens of a specific local community” (Jæger and Qvortrup, 1991, cited in 

Jæger and Hansen, 1997). 

The social experiments targeted both the way of using ICT technologies and the diffusing 

of technology in the Danish society. The results of experiments in the fields of information 

and communication technology led to the identification of a range of shortcomings in the 

technology with the consideration of the social context and inspired innovation in the 

development department of the telecommunication company and influenced the later 

innovation process. The social experiments contributed to the appropriation and social 

shaping of the information and communication technology. On the one hand, for potential 

users they provided an opportunity for learning about the technology and its organisation. 

On the other hand, through the interaction and feedbacks, development departments and 

suppliers learned a lot about users and utilization patterns and how to comply with non-

professional user needs and expectations. Thirdly, through the co-evolutionary processes 

suppliers and users constructed new services and markets. The co-evolutionary defined 

direction of development continuously created new costumer segments for the new 

technology. These experiments were unique efforts of creating a dialogue on the role of 

technology and the use of information technology in the society. The experiments were 

mostly geared to local development, technology assessment and the decentralized use of 

technology. Considering that the projects covered wide ranges of IT applications, possible 

users were widely identified and for their active participation practical education in the 

relevant field was enhanced. The established centres provided opportunity to the local 

population to judge, through participation in courses and practise, how they would benefit 

from the use of technologies. The experiments were oriented to many sectors, involving 

the educational-, health-, housing-, cultural- and public sectors with also projects done in 

the industrial and business sector, highlighting the importance of fishery industry and the 

target groups of farmers in the experiments originated from the characteristic of the 

domestic situation (Cronberg, Duelund, Jensen and Qvortrup, 1991). 
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A number of new products have been developed in connection with the enhancement of 

communication possibilities of veterinary consultancy. The idea that technological renewal 

consists of a continuing series of minor developments and implementation, experiments 

became more and more dominant. Involvement of the groups affected by a technology thus 

became important, since users influence the direction of technological development and in 

the end safeguards the success of the new technologies. 

The involvement of public in the definition of the direction of technology development and 

the gathered experience through many years of ‘social experiments’ indicating interactive 

social learning processes contributed to the determination of the strategy of information 

and communication technologies reflecting to social requirements and to the social shaping 

of the technology (Cronberg, Duelund, Jensen and Qvortrup, 1991). 

Beside social experiments contributed to the appropriation and social shaping of ICT, 

Clausen and Hansen (2002) also emphasise the isolated characteristic of ‘social 

experiments’ from the centres of technological design and development, and point out that 

the technology push approach in connection with the broadband network and later 

governmental IT programmes as well was basically maintained. Their analysis also shows 

that some traces of the experiments and the involvement of workers have been left and 

experiments and user participation become tools for innovation as an integrated element of 

design practices. As a long term result of the experiments, experimental participative 

culture has developed within the public sector administrations (Jæger, 2000 in Clausen and 

Hansen, 2002). 

Similarly, Jæger and Hansen (1997) highlights in connection with the evaluation of 16 

experiments that none of them managed to fulfil the requirements of the original broad 

goals, but very importantly they led to a significant social learning process. Their reports 

with participants of experimental process points out that especially in the first cases lack of 

experience, not adequate usage of funds, and its causeless degree considering final results 

caused major problems, although beside the critiques they mostly highlights the 

importance of learning processes. Many of the biased perspectives and opinions could be 

criticised considering the direct results only, although it may lead to a narrow way 

evaluation without the consideration of the later broader effects that influenced the 

strategic and operational levels of participated companies towards developing 

competencies for gaining competitive edge and resulted also in developments in the 

regional level. 

Most importantly, from the final evaluation of the experiments, the formation of the social 

learning process and its results relating to the development of conflict exploration, to new 
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type of product development and to the deeper understanding of innovation related cultural 

competence should be emphasised. Many of the learning process related to failures mostly 

due to uncovered conflicts and rivalries and to the lack of innovative potential. For 

companies the communication with non-professional users, and the deeper understanding 

of the needs of end users created new exploitable possibilities. Social experiments created 

a special interface between the technology and the users and contributed to a new type of 

product development with a close and active user involvement from the early stages of 

product development, even integrating the end-users needs in the design of the prototype. 

The differences in results of the same social experiment with the same technology and 

activities gained in different local communities provided insights into the characteristics of 

communities with high potential of entrepreneurship and innovation capacity and led to the 

understanding of cultural competence with its local and context sensitive aspects is a 

crucial part of comprehensive knowledge needed for the integration of new technology in 

local life (Cronberg, Duelund, Jensen and Qvortrup, 1991). 

Notwithstanding, beside the critiques, many other experiments have been carried out in 

Denmark, initiated by government, municipalities or by companies targeting also fields 

beyond information and communication technologies. The later government initiatives 

mainly focused on the similar goals as in the first waves of the experiments. 

These social experiments must be highlighted as an important way of constructive 

technology assessment. This research examined the role played by the interaction among 

the participating social actors in the actual implementation of the technology. Social 

experiments are practical technology assessment attempting the integration of testing of the 

potentials of technology and the assessment of its consequences with the crucial 

application of participation. Social experiments are characterized by being processes of 

learning containing a dynamic interplay between understanding and change. Thus social 

experiments consider technology as a catalyst of change and not a goal in itself. Since the 

objectives and means of social experiments are relatively unknown, it requires competence 

in learning. Social experiments realize a kind of constructive technology assessment 

process aiming at dialogue based research and development. They involve the idea of 

evaluating the sustainability of the technology in a context sensitive manner. These 

experiments function as a process realizing social construction of a technology through the 

inclusion of relevant social groups acting on the upon the technology in order to form it in 

accordance to their technological framework rooting also in daily practice, culture and 

professional interest (Cronberg, 1991). The experiments considered both social needs and 

the possibilities and consequences of technology and searched for the overall context in 
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which technology can be useful and its potential can be optimised to the broad social needs 

observed in an extended inclusion process. Summarising, social experiments are a search 

and learning process, a dynamic interaction of understanding and change within the frame 

of a practical test of technology enabling the participants to understand the potentials and 

consequences, and thus providing a new basis for change. 

 

 

V. 3. 2. Government-Funded Technological Research and Development Programmes 

 

A first institutionalisation of explicit TA activities appeared in the beginning of the 1980s, 

when in a number of government-funded programmes to support development of 

information technology, biotechnology, food technologies, cleaner technologies and 

material technologies TA has been supported as an element in the decision-making 

process, but also integrated into the development of the funded activities. The importance 

of the technology advancement programmes organised from 1985 should be highlighted. 

Technological Development Programme (TUP, 1985-1988) was the first programme 

operated for four years with the largest budget of all with 1311,3 million DKK (Hansen, 

Danielsen and Ravn 1992, 25) governmental grants. Within 26 projects 31 million DKK 

allocated for “technology assessment and experiments” in the field of information 

technology development (Hansen, Danielsen and Ravn 1992, 16). The fund was 

administrated by the Organizing Group for Technology Assessment, which was established 

by the Council of Technology in 1984 as a governmental body. 

Later also other programmes followed with directly granted TA funds in the field of 

biotechnology (Biotechnological Research and Development Programmes: BIO 1 (1987-

1990) and BIO 2 (1991-1995)), food technology (Research and Development Programme 

for Food Technology: FØTEK, 1990-1994), environment (Danish Environmental Research 

Programme: MILJØ, 1992-1996). In the Materials Technology Development Programme 

(MUP, 1988-1992) many projects involving TA have been carried out, although funds 

allocations for TA activities were managed indirectly. In the fields of energy and 

transportation number of TA related projects has been carried out, although no 

programmes or independent TA bodies existed in these areas. At the establishment of the 

large technological research and development programmes funded by the government with 

their focus on technology and industrial development and utilisation of new technologies, 

projects were established to make assessment on the social aspects of the technologies. In a 
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number of government-funded R&D programme projects TA has been supported as an 

element in the decision-making process, but also integrated into the development of the 

funded activities. Technology assessment under the TUP programme among others has 

covered projects of ‘Meaning of Information Technology for Working Life’, ‘Local 

Societies’, ‘Danish structure of production’ and ‘Function of the Public Sector’ following 

user-oriented TA methodology. Researchers had role as process consultants from helping 

the clarification of users needs regarding information technology to assisting the users in 

the application of technology (Hansen, Danielsen and Ravn, 1992). 

All of the technology advancement programmes used 1 to 4.8 % (Hansen, Danielsen and 

Ravn 1992, 25) of their budget for carrying out technology assessment. This funding has 

also helped to create a number of research groups at universities and R&D institutions. In 

the meanwhile, a number of research groups at universities have been engaged both in the 

development of TA methodologies and lately also in developing the new perspectives in 

technology foresight. 

 

V. 3. 3. Institutionalisation of Danish Technology Assessment 

 

The understanding and content of technology assessment that mainly became subject of 

heated debates through the two parliamentary reports called the Red Report in 1980 and 

the Green Report in 1984. The reports mainly dealt with the research methodology of 

technology assessment and with establishing an institutional background for technology 

assessment. From methodology aspects the reports dealt with the two main issues of partial 

vs. comprehensive TA and consequence analysis vs. future oriented formulation of goals 

and exposure of demands. This first report focused on partial TA, fixed framework for 

carrying out TA and stressed the application of the analysis of consequences representing a 

reactive way. This report was resisted by some ministries and mainly by the industry which 

perceived technology assessment as an intervention in its operation. The second report 

provided wider methodical background towards comprehensive TA and introduced a 

proactive approach which oriented towards the formulation of future goals which implied 

both the changing of attitude towards considering technology not as a self regulative entity 

but as something that is disposed to change and the move towards expert based TA to 

participation. The report also proposed solutions for the establishment of a technology 

council beside the parliament or the office of the prime minister or some of the relevant 

ministries. The debate on the two reports resulted in the understanding “that both the 
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reactive, the proactive, the partial and comprehensive assessment are regarded as useful 

methods, depending upon the area and goal of the technology assessment in question” 

(Hansen, Danielsen and Ravn 1992, 11). Comprehensive technology assessment focused 

on proactivity and participation became prominent feature in the majority of later Danish 

technology assessments practice. 

In the 1980’s beside the implementation of the number of government funded programmes 

promoting technology development, including technology assessment, the main 

institutional background for the development of technology assessment was established, 

represented by three governmental bodies. Beside the Organising Group on Technology 

Assessment under the Council of Technology and the Committee on Technology and 

Society under the Social Science Research Council, the increased need for a political 

advisory body for politicians and the fact that the debates on new technology have become 

broader and more important, led to the establishment of The Danish Board of Technology. 

It became an independent body established in 1986 by the Danish Parliament to 

disseminate knowledge about technology, its possibilities and its effects on people, society 

and the environment. Besides making TA projects and gathering information about the 

relevant topics to the parliament, it has been dealing with social debates on technology 

development and innovation43. The Board promotes the ongoing discussion about 

technology, to assess and evaluate technology through a social debate and to advise the 

Danish Parliament and also some of the governmental bodies. The Danish Board of 

Technology receives its own funds and has its own secretariat and a politically independent 

leadership with participation from interest organisations. 

The Danish Board of Technology functions as a bridge builder between politicians, expert 

community and citizens44. It also enhances public enlightment that is crucial for democracy 

to work properly. On the other hand its situation as an independent organisation was also a 

                                                 
43 The Danish board of Technology in its initial phase aimed at starting and furthering the public debate, 

managing own TA projects and providing direct information to the parliament and the government. This 
latter task was at that time not considered as advisory function, rather more as function in surrounding the 
political life with the debate. The Board established an integrated mode of TA practice (Lars Klüver, 
verbal notification, Copenhagen (The Danish Board of Technology), 03.04.2002). 

 
44 Lars Klüver emphasises that the main importance of providing space for interaction is also important if 

happens between different research groups. Creating interaction among those who have knowledge, 
opinion and the make decision can be a main outcome of their activities. TA practices with interactive 
orientation require different competences than in other type of TA activities. Formerly analytical 
competence had major significance, but interactive TA requires project and process management 
competence being able to evaluate certain problems and to find the appropriate way of approaching and 
managing it (Lars Klüver, verbal notification, Copenhagen (The Danish Board of Technology), 
03.04.2002). 
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motivation towards developing participative methods that can guarantee the high political 

credibility of assessment results. These processes tried with the inclusion of citizens to map 

the needs and demands, and to create visions and goals (Klüver, Nentwich, Peissl, 

Torgersen, Gloede, Hennen, Eijndhoven, Est, Joss, Bellucci and Bütschi, 2000), which 

intended to overarch the Collingridge-dilemma as early warning activities in a societal 

context. 

The Danish Board of Technology annually calls upon members of Parliament, various 

authorities, organizations, business enterprises and individuals to come up with suggestions 

for topics for the coming year’s efforts. Themes taken up are prioritised through an annual 

procedure based on an open hearing of interested parties. The institution carries out the 

prioritisation with most focus on themes with mid-range time horizons. The institution 

carries out a number of projects of varying dimensions with the aim of assessing new 

technology that is of current interest to the politicians and the citizens. It very seldom does 

projects having duration of more than a year (Klüver, Nentwich, Peissl, Torgersen, Gloede, 

Hennen, Eijndhoven, Est, Joss, Bellucci and Bütschi, 2000). The subjects possess 

technological content with the essential need for the participation of large number of 

people in decision-making to democratically arrange the problems and conflicts caused by 

the technology. To maintain a broad and public perspective, the Board of Technology 

focuses on that discussions and research results to be disseminated to the broad public 

through reports and memorandums to the press and politicians. The Board also actively 

supports the TA activities of non-governmental organisations. During its operation, the 

Danish Board of Technology has been helping to qualify the discussion between the public 

and the decision-making level, by using and developing new participative methods as 

consensus conferences and scenario workshops. The Danish Board of Technology operates 

as a central institution on participative technology assessment (Clausen and Hansen, 2002). 

Under the 1995 law the institute was obliged to use methods that involve representatives of 

the public in the assessment activities. From this time it was also obliged to give advice to 

the government and the parliament (Klüver, Nentwich, Peissl, Torgersen, Gloede, Hennen, 

Eijndhoven, Est, Joss, Bellucci and Bütschi, 2000). It also follows the international 

technological development and disseminates information and methods on technology 

assessments in other countries. These activities are made possible through its membership 

in the European Parliamentary Technology Assessment Network (EPTA). 

Besides the Danish Board of Technology, many more institutions and committees have 

been established later in Denmark to help the decision-making processes of mostly 
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governmental institutions and the participation of the interested parties or their 

representatives. Even cities and municipalities have established technology assessment 

councils. All these institutions have been operating beside each other, but when it is needed 

the centralized and decentralized institutions operates together in order to help the work of 

each other (Mosoniné, 1994). After many institutions have changed or merged during the 

years, nowadays the existing ones represent the most important areas. 

Medical and health related technology assessment activities should also be highlighted 

since they received special attention from the beginnings of TA and have significant 

institutional background nowadays. ‘Health technology’ is a relatively broad definition 

relating to equipment, drugs, examination method, treatment, care, rehabilitation, health 

education and health promotion interventions (Jørgensen, Hvenegaard and Kristensen, 

2000). As Vrangbaek (2001) highlights health technology assessment (HTA) should 

mostly be considered as a political and interest-driven decision making process. The 

Danish decentralised HTA is basically oriented toward the public in the sense that various 

of interest parties participated in developing HTA over the years and formulating a 

national HTA strategy (Jørgensen, Hvenegaard and Kristensen, 2000). According to the 

national strategy for HTA, HTA should be involved into the planning and operational 

policy at all levels of the health sector, both centrally and decentrally, at institutional, 

political, administrative, professional and research levels (HTAC, 1996). HTA is related to 

research due to its methods and also to planning, administration and management due to its 

focus on decision-making. HTA serves as a bridge between a science paradigm and a 

policy paradigm (Battista and Hodge, 1995 in Kristensen, Hørder, Poulsen, 2001). 

Danish understanding of HTA is more comprehensive than international standards, and 

beside the “comprehensive systemic evaluation of the assumption for, and consequences of 

the application of health technology” (DNBH, 1996 cited in Nielsen, Kristensen and 

Vestergaard, 2000, 4) it relevantly includes clinical, patient-related, organisational and 

economic consequences. The main elements partly overlap each other. For instance ethics 

is placed under the ‘patient-related’ element but it cannot be handled as a separated 

element as it may form a framework for analysis across the elements (Andersen, 2000, in 

Kristensen, Hørder, Poulsen, 2001). 

Kristensen, Hørder and Poulsen (2001) point out that risk concept is an important topic in 

HTA, and highlight that risk assessment and perception of risk is fundamental and are used 

as the background and reason for carry out HTA. Patients’ or users’ knowledge, experience 

and perspectives are mostly based on ‘common-sense’ reflecting actual experience and 
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linkage to everyday life (Kristensen, Hørder and Poulsen, 2001). The Danish HTA also 

uses the advantages of participatory methods as consensus conferences, where the issued 

statements are directed to the public and decision-makers in policies and administration 

(Jørgensen, Hvenegaard and Kristensen, 2001). 

Danish HTA applies proactive methods from the early stage of technology development to 

create a situation which promotes to make predictions based on collected opinions and 

preferences. Early warning systems for new technologies have been established to improve 

the ability to act more proactively regarding to the concerned technologies. 

The application of Delphi method applied in cases “where existing empirical data is 

insufficient or where the occurrence of disease or side effects of a technology is unknown” 

to obtain estimates. The method followed by many feedback-rounds through the interactive 

survey process helps to iteratively formulate the knowledge of experts and users having 

extended experience on the analysed topic reach convergence of opinion in connection 

with a particular subject. Delphi method with citizen and expert participation has been used 

in connection with decisions regarding new drugs and new trends in treatment (Timm, 

Hansen, Morgall, Sigmund, 2001). Beside the Delphi method, future workshops, the 

progenitor of scenario workshops and consensus conferences discussed in Chapter V.6. are 

also widely used in Danish HTA. 

Currently, among others, beside the Danish Board of Technology, mainly the Danish 

Centre for Evaluation and Health Technology Assessment provides advice to the 

government and contributes to the quality development in the health services by carrying 

out analyses and assessments mostly in relation to new equipments and treatments 

comparing the existing ones to the advantages and consisted risks of the new ones. 

Furthermore, the Danish Council of Ethics provides advice to the Danish Parliament and to 

the public specifically about the ethical problems occurred due to the emergence of new 

medical technologies mostly in connection with biomedicine and the developments within 

the national health service. The Council also raise wider public debates. Some of its main 

reports covered issues of ‘ethical aspects of death criteria’ (1989), ‘fetal diagnosis and 

ethics’ (1991), ‘genetic screening’ (1993), ‘assisted reproduction’ (1996), ‘cloning’ (1997), 

‘late induced abortion’ (1997), ‘treatment of psychiatric patients’ (1997), ‘prenatal 

diagnosis’ (1998), ‘organ donation’ (1998) and ‘screening’ (1999) (Jørgensen T., 

Hvenegaard A., Kristensen F. B. 2000, 362). Some reports highlight that the reports of the 

Council should not to be regarded as HTAs (Jørgensen, Hvenegaard and Kristensen, 2000) 

or the organisation itself as a TA institute in traditional terms (Hansen, Danielsen and 
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Ravn, 1992)45, although their primary focus on ethical aspects provides an important 

contribution towards a more comprehensive assessment of technologies (Jørgensen, 

Hvenegaard and Kristensen F. B. 2000). According to the current trends in the evolution of 

TA towards searching productive ways of establishing synergy of assessment, foresight 

and evaluation, the operation of the Council with its work highly characterised by 

evaluations can be considered as an important organisation operating towards 

accomplishing this synergy for a more comprehensive assessment. 

Most TA institutions has the important roles of both operating as advisory bodies for the 

Parliament, and/or the government and for other public institutions and organising public 

debates mostly also applying participative methods and. During the advisory processes of 

the two-way communication works, making it possible to the institutions to draw the 

attention of politicians to some topics in the need of further discussion. Assessments 

relating to decision-making provide requested information in a relatively short time, from 

two weeks to three months depended on the topic and the urgency of analysis. Many of 

those institutions, which operate as advisory bodies to the Danish Parliament or to the 

Government, besides collecting required data to decision-making, arrange social debates 

about the socially controversial topics of new technologies, providing a real efficient 

bridge between technology and society, involving the different views of decision-makers, 

experts and the public. With the help of these institutions there is a possibility to create 

active debate on the concerned technology, generating democratic assessment of 

technology and decision-making, which results in a higher level of democracy in 

technology development. 

 

 

V. 4. Spiral of University 

 

The large scale of public participation methods has a great basis and practice both in 

Denmark and in the Netherlands, with the tendency of continuous development of the 

                                                 
45 Lars Klüver similarly to Christian Clausen (verbal notification, Copenhagen (Technical University of 

Denmark), 26.02.2002) points out that many institutions for instance the Energy Agency, integrated TA in 
their work and the number of people employed in TA activities is greater than ever, although in 
universities is smaller than it has ever been. Furthermore, there are some institutions that operate in certain 
special fields as the Council of Ethics or the Council of Transportation with TA integrated in their 
activities, but they do not regard themselves as TA institutions, although from the perspective of the 
Danish Board of Technology they should be considered as special TA institutions (Lars Klüver, verbal 
notification, Copenhagen (The Danish Board of Technology), 03.04.2002). 
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methods. A number of research groups at universities (in Denmark the Technical 

University of Denmark, Roskilde University and Aalborg University) have been engaged 

both in the development of TA methodologies and lately also in developing the new 

perspectives in technology foresight. In the late 1980’s and early 1990’s, Danish 

centralised and decentralised TA institutions already generally enhanced the integration of 

TA into design processes of engineering activities through education. Since nowadays 

CTA methodologies are integrated elements of the education process of engineers, the new 

approaches and more sensitive perspectives have a great possibility to be directly involved 

in the education of students in their up-to-date forms, enhancing the development of 

attitude toward social responsibility. 

The constructive technology assessment centres of the universities in both countries 

participate in the democratic development of the society through arranging ‘science shops’. 

The Netherlands and Denmark are the two only countries in Europe that have steadily high 

number of science shop since the 1980s (Pálinkó, 2005). The basic idea originates from the 

19th century France in connection with legal consultation provided for the public by 

volunteer jurist for free. The first science oriented shop was opened at the University of 

Delft in the Netherlands in 1908. The initiative disappeared after a while, but in the second 

part of 20th century renewed in the concept and established organisations of science shops 

(Pálinkó, 2005). The current concept was developed in the universities in the Netherlands 

in the 1970’s. In the Netherlands all the thirteen universities have one or more science 

shops managed on centralised or decentralised ways with a staff of typically 1-8 

employees. For instance, at the Technical University of Eindhoven there are nine science 

shops managed on voluntary basis (Jørgensen, Barchager and Tobiassen, 1999). In 

Denmark mostly the Technical University of Denmark, University of Copenhagen and the 

Roskilde University organize these activities. 

Nowadays, around 70 science shops operate in Europe. The initiative is widespread in 

Austria, Belgium, Denmark, France, Germany, Netherlands, Romania, Spain and in Great 

Britain (European Commission, 2003), furthermore outside Europe, in Australia, Canada, 

Malaysia, South Korea and in the US (Jørgensen, 2003). Science shops are characterised 

by diverse fields of expertise, organisational form and approaches. The term ‘science’ is to 

be understood in its broadest sense, including natural, physical, engineering and technical 

sciences, furthermore social sciences and humanities. Most science shops are university-

based, some operates as independent, non-profit research institutes through which 

researchers and students give advice to community groups (Jørgensen, 2003). The 
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international network of science shops in the last few years developed to a more structured 

networked with the aim at disseminating the concept and analysing the social impacts of 

science shops, furthermore their impact on curricula and research (Hende and Jørgensen, 

2002).  

The fundamental aim for the science shops is to provide possibilities for the general public 

to initiate investigations at the universities. They offer community groups very low cost 

access to scientific knowledge and research in order help these groups to achieve social 

and environmental improvement, mostly following a participatory model realising 

‘research with community’ (Hende and Jørgensen, 2002). According to the Danish 

practice, citizen groups considered as customers of science shops should mostly have to be 

non-commercial, have lack of financial resources and their need for knowledge should be 

related to broadly based interest in society. The final results of projects are made available 

for public access. 

Through science shops, universities do not only keep contact with the surrounding world, 

but create active communication with the public and mostly serve local needs. Science 

shops provide an institutional structure for linking university and civil society. In 

university strategies science shops can be considered as a way of promoting and 

connecting knowledge production and knowledge application, furthermore can help the 

publicising of staff expertise visibly to external bodies (Jørgensen, 2003). 

The knowledge communicated by the science shops affords the opportunity for scientists 

and also for students to co-operate with organizations not involved in the academic world, 

resulting in an early experience and deeper understanding of the importance of knowledge 

communication in a comprehensible language. This forms a learning process towards 

understanding user and also affected groups of a relevant technology, and furthermore the 

way to co-operate with lay people in an interactive way also facing the differences of 

scientific and experience based knowledge which can be utilised in a proactive and 

productive way. Through mediating and developing co-operation between experts and 

layman from civil society, science shop projects give good experience in the field of 

applied research through confronting scientific expertise with societal problems. Science 

shop assists the clarification of the needed knowledge by the citizen groups, and as 

consultant in the process facilitates the development of problem-solving capacity of the 

costumer producing new knowledge in the problem solving process (Jørgensen, Barchager 

and Tobiassen, 1999). As mediator organizations, science shops mostly act as centres for 

independent, participatory research, providing “support in response to concerns 
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experienced by civil society” (Hende and Jørgensen, 2001, 7), which has two major 

impacts in terms of education. Firstly, their impact on the curricula enables the application 

of project works as part of the established courses and provides the possibility for students 

to learn competences in science communication and in two-way academia-user dialogue 

and to gain more practice oriented knowledge as part of their education. Secondly, 

considering research aspects, they may become research centres for participatory research 

enhancing the development of new research areas or the re-focus of existing ones with 

emphasis on dialogue partner involvement (Hende and Jørgensen, 2001) resulting in 

practical research tasks for students and university staff, also effecting the curricula 

indirectly. These impacts may lead to the sounder understanding of the research and 

education needs of the civil society. “Participatory research may have different forms, from 

including into the formulation of research problems, through contextualization as the 

researcher visualizes it, getting in consultation with those who will be the possible users of 

knowledge, including them into research” (Hronszky, 2002b, 25). Reuzel points out that in 

participatory research the “persons involved participate, not as research subjects, but as 

active agents determining the assessment” (Reuzel, 2004, 123). Reuzel highlights that the 

reasons for doing this type of research might be qualified as strategic, since reasons 

involve that technology is not an isolated artefact, the better understanding of the 

interaction of technology and its societal context is needed, participation opens large 

sources of relevant expertise and finally participatory research helps to identify a 

comprehensive list perspectives related to a technology (Reuzel, 2004, 123-124). Science 

shops through organising problem oriented research based on a socially sensitive approach, 

give the possibility for students to develop an alliance of expert and participatory 

knowledge, simultaneously to the involvement into real practice, which has a significant 

potential to avoid the formation of the ‘remote adviser’. 

 
 
V. 5. Spiral of Industry 

 

The Danish discussions and practices in the field of TA were dominated by policy 

concerns and the interest in informing and involving the public in decisions on future use 

of technology in the early times, but the role of different technologies has become more 

and more important in most business areas, and the need for tools and concepts to 

understand the impact and potentials of new technologies grew simultaneously. 
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In the early 1980s, a number of technology assessment activities have also been carried out 

in the sphere of industry. The Danish Federation of Industries extended its support for 

developing models for technology assessment and strategic technology planning. The 

project, “Strategic Technology Planning in Industrial Production Companies” (STIP), 

described a series of formalised procedures to be used in the strategic planning of 

individual companies (Jørgensen, 2000). In this time different industries also started to 

organise TA studies to support the work of the individual companies. 

Although the business community has been involved as an important actor in the TA 

discussions from the beginnings, at the same time generally responded with scepticism 

toward the role of TA based on the critical discussion on new technologies. Thus, 

technology assessment as a formalised methodology has not very often been used in the 

business community’s own strategic technology planning. Partly due to the history of 

technology controversies, and partly as a consequence of its link to public discussions and 

the parliamentary institution, the methods have not been used very much by companies. 

Business and industry organisations have held sceptical views about the concept, since the 

initial controversy on stakeholder-based research, but these have recently been taken up to 

revision, and a renewed interest in the methodology has led to experiments within the 

framework of technology assessment and mostly by technology foresight, but in most of 

the cases it is difficult to distinguish clearly between the two fields, which is partly result 

of the current evolution of assessment and foresight and also of the fact that in the recent 

years TA activities mostly tend to appear without being labelled TA. 

The active character of participatory approach appears also in organizations. Firms also 

follow the way to involve their employees in the development processes of the working 

facilities. According to domestic characteristics of the country, many projects have been 

carried out in the meat and fishery industries. As an example, the ‘New Technology and 

Slaughterhouses’ project was carried out during 1985-1988 in order to provide industry 

workers and the trade union more influence on the development and implementation of 

new technologies and to improve the working environment and product quality in the meat 

industry (Jørgensen, 1995). In north Denmark, several cleaner technology projects 

targeting the herring industry have been carried out applying different TA methodologies, 

although the company with the best environmental performance stressed its further 

improvement possibilities highly rooting in the application of employee involvement 

(Nielsen, 1994, in Remmen, 1995).  



 

 104 104 

Beside mobilising local practical tacit knowledge and competencies of employees through 

proactive and constructive oriented participatory projects, the participation of consumers 

with their non-expert, local and context sensitive factual knowledge to specify their needs, 

opinions, attitude towards the products, mostly in case of emerging new technologies and 

techniques, is also necessary to provide an added value for the company in the competition 

on the targeted market. 

Consumer demands had a great influence in the discussion about organic food products on 

the assessment of which technological concepts should be promoted. In the developing of 

the project on organic bread from 1990 to 1992, carried out by researchers of the Technical 

University of Denmark46, many stakeholders were involved like the food workers trade 

union, the national consumer council, and an environmental organization (Jørgensen, 

1992). 

Consumer targeted technology assessment with public participation can be recently seen 

mainly in the pharmaceutical sector, where the great expenses of research and 

controversial public opinions meet in a special way. The process, involving stakeholders 

early on and throughout the process has the advantage to guide the enterprises in a way that 

they can improve their impact and ability to compete. 

Some of the major companies from a great service and product range have been engaged in 

Denmark in technology assessment and recently also in technology foresight, such as NKT 

Research, Grundfoss, Oticon, Danisco, TeleDenmark Research, Novo, Danfoss, Lego, 

Bang & Olufsen, Ericsson and Nokia. Although some of these are not only Danish-owned 

or Danish-situated companies, or subsidiaries of trans-national companies, their Danish 

R&D facilities have been heavily engaged in planning for technological renewal with 

strategic parts of their development facilities located in Denmark. The activities within 

these companies vary, but they have all formalized their technology-planning activities by 

using methods from technology assessment (Jørgensen, 2000). 

 

 

                                                 
46 Michael Søgaard Jørgensen and his colleagues at the Technical University of Denmark try to assist 

workers and unions to get influence on the planning of certain new facility or work process such in the 
cases of the slaughterhouse and organic bread projects. They combine public participation, sustainable 
development and better product quality issues in their activities (Michael Søgaard Jørgensen, verbal 
notification, Copenhagen (Technical University of Denmark), 14.03.2002). 
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V. 6. Main Participative Methods 

 

Constructive Technology Assessment has a great variety of applied methods mostly 

connecting to the leading countries of CTA like Denmark and The Netherlands that are 

considered to be the European roots of CTA. From the systematic procedures for inclusive 

deliberative appraisal as citizen’s juries, focus groups (Renn, Klinke, Rip, Salo and 

Stirling, 1999, 30 in Stirling, 1999) the methods of consensus conferences and scenario 

workshops should be highlighted. The unique Danish participative models of consensus 

conferences and scenario workshops are widely used in all institutional spheres, with an 

emphasised democratic perspective, providing framework for the participation of the 

public in the technology development oriented processes of the spheres. They make 

possible the necessary dialogue of decision-makers, experts, citizens and other possible 

stakeholders about technology, policy and society. The task of continuously contributing to 

the development of methods for assessing technology, especially the ones involving the 

citizens affected by the technology in question is essential. These efforts should target the 

development of applicable methods fulfilling the needs of the different spirals.  

Consensus conference, developed in 1987, makes it possible to include the public and their 

experience in technology assessment by providing ordinary people the “opportunity to 

assess a given technological development and make up their minds about its possibilities 

and consequences” (DBT, 2005a). The conference consists of the dialogue between the 

panels of experts and 14 lay people representing society along the dimensions of age, 

gender, education, profession and geographical place of habitation (DBT, 2005a) and 

playing the leading role in the process. The advisory committee makes sure the democratic 

and transparent process accomplishment. After the preparatory four to six months (Klüver, 

2000) the conference itself lasts for three days and it is open to the public and the media. 

The panel of citizens produces the final document, presenting their conclusions and 

recommendations in connection with the assessed technology, socio-technical issue. Since 

consensus on attitudes and recommendations is achieved through open discussion, the final 

document can be considered as the expression of the extent to which the citizen panel can 

reach consensus (Andersen and Jæger, 1999). The final document containing the results is 

passed on to the media to be diffused to a broader public and also to the members of 

Parliament. The conference helps the bridging of the gaps between the public, experts and 

politicians. Consensus conferences have the broadest representation of participants and 
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they many times act as the roots of public debates and potentially influence and participate 

in regulatory47 and technology policy (Clausen and Hansen, 2002). 

The topics that are suited for treatment at consensus conferences have current social 

relevance, presupposing expert contribution and contain unclear attitudinal issues. The 

main topics of consensus conferences carried out by the Danish Technology Board until 

recently include the followings (DBT, 2005a): ‘How can we assign value to the 

environment?’ (2003), ‘Testing our Genes’ (2002), ‘Roadpricing’ (2001), ‘Electronic 

Surveillance’ (2000), ‘Noise and Technology’ (2000), ‘Genetically modified Food’ (1999), 

‘Teleworking’ (1997), ‘The Consumption and Environment of the future’ (1996), ‘The 

Future of Fishing’ (1996), ‘Gene Therapy’ (1995), ‘Where is the Limit? – chemical 

substances in food and the environment’ (1995), ‘Information Technology in 

Transportation’ (1994), ‘A Light-green Agricultural Sector’ (1994), ‘Electronic Identity 

Cards’ (1994), ‘Infertility’ (1993), ‘The Future of Private Automobiles’ (1993), 

‘Technological Animals’ (1992), ‘Educational Technology’ (1991), ‘Air Pollution’ (1990), 

‘Food Irradiation’ (1989), ‘Human Genome Mapping’ (1989), ‘The Citizen and dangerous 

Production’ (1988), ‘Gene Technology in Industry and Agriculture’ (1987). 

Scenario workshop is a development of the future workshop and focuses on society’s use 

and regulation of technology focusing on finding solution to a problem. During its process, 

a group of citizens interacts with 25-30 agents as policy-makers, business representatives, 

experts having different knowledge, views and experience in the framework of a local 

meeting to exchange knowledge and experience in order to develop common visions and 

produce a plan of action, following the phases for criticism, vision, and fantasy. The 

exchange of experience among professionals and users generate new knowledge. The 

workshop is based on the presentation of scenarios with different outcomes under different 

perspectives and circumstances, considering possible future developments in connection 

with a technology. The scenarios have to be different in both the technical and 

organisational solutions described by them and the social and political values embedded in 

                                                 
47 Consensus conferences many times cause political debates and result in the initiation of new regulation. 

For instance, the consensus conference on human genetic testing held in the Danish Parliament 24-27 May 
2002 that I had the possibility to observe as a guest of the Danish Board of Technology, dealt with ethical, 
social and economical aspects genetic diagnostics and genetic testing of sick and also healthy people and 
provided me a possibility to observe the process of the conference and to also have discussions with the 
members both of the lay panel and the expert panel, resulted in the regulation of banning the use of genetic 
testing for the purpose of employment or the contracting of insurance, what was at the top of the main the 
considerations of most of the lay panel members, shared generally by the expert panel members as well. 
However, the impact of the conference is not considered as a high one in terms of political decisions, 
rather it is emphasised as a register of attitudes (Lars Klüver, written e-mail notification, Copenhagen (The 
Danish Board of Technology), 25.10.2005). 
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them. They are used as visions and as an inspiration in the process (Andersen and Jæger, 

1999). They inspire creative and critical suggestions for future solutions. The criticism of 

the scenarios and the experience of participants form the basis for visions and action plans. 

At the end of the process participants intend to construct a consensual vision and course of 

action to realize it. The main focus of the process is on criticism and comments rather than 

the choosing or prioritising of the scenarios. The “participants’ visions and attitudes 

towards new technology constitute a bank of ideas and a basis for the further discussion 

and assessment among experts and politicians” (DBT, 2005b). The results of the workshop 

are communicated to a broader circle of citizens, in order to carry on the debate among 

those affected by the development. The main aim is to form a basis for local action, but the 

scenario workshop furthermore serves to gather knowledge about the visions, attitudes and 

preconditions of participants in connection with the analysed topic (DBT, 2005b). 

The topic of the scenario workshop must be relevant to society with an emphasised 

characteristic that local action is a necessity to solve the problem. The Danish Board of 

Technology utilised the methods in projects on ‘Urban Ecology’ (1993) and ‘Library of the 

Future’ (1996) (Klüver, 2000).  

The method has also been chosen by an Innovation Programme of the EC DGXIII, which 

searched for a method to establish and improve the communication between different 

sectors of society in order to bring EC R&D programme more line with the needs of 

society. Scenario workshop was chosen for pilot study realised from 1993-1994 with the 

participation of the Danish Board of Technology in four cities of France, UK, the 

Netherlands and Greece. In the framework of the programme, later it was followed by 

several scenario workshops in other cities of Europe in different fields with the aim of 

creating a more flexible application of the method to provide tools and procedure to local 

communities, which are tailored local needs (Andersen and Jæger, 1999). Scenario 

workshops have been applied in many countries like UK, the Netherlands, Austria, New 

Zealand, Japan and Switzerland and a comprehensive network has also been developed 

(DBT, 2005b). 

The focus of both methods is to create a framework for the necessary dialogue among 

policy-makers, experts, lay people and other possible stakeholders about technology, 

policy and society (Andersen and Jæger, 1999). Consensus conferences target particular 

technology based mainly on lay-expert dialogue and the dissemination of results to 

politicians and the public. In case of scenario workshops, certain topics are targeted. The 

topic of debate should deal with the assessment of technology having social relevance and 
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should provide different alternative choices. The main aim is to create a connection 

between the research and development activity, and the needs of society. Using these 

democratic participative methods politicians can be aware of the attitudes, hopes and 

concerns of the public, so the participative methods can effectively support decision-

making to a certain extent. Even though the methods are limited to represent whole society 

but they provide opportunity to present ideas opinions in an open way for those interested 

and intend to actively participate to provide public voice through new ways beside already 

well structured processes. As Andersen and Jæger (1999, 339) highlights, even though 

both methods “represent well documented, convincing and tested efforts to involve citizens 

in technology assessment”, in the Danish Board of Technology these methods are 

“conditioned by the cultural context of their origin” and they emphasise the need to make it 

adaptable to different cultural contexts. They overall conclude that both of the “methods 

demonstrated great capacity for creating awareness of methodological innovations and 

diversification, and for building networks” (1999, 339). Since the dialogue process gives 

the possibility of the creation of new knowledge at all stakeholders‘ side, it is a 

continuously established long-term social advantage for the wider basis of society. 

According to the Science and Society Action Plan of the EU (European Commission, 

2002), participatory methods as consensus conferences and participative foresight 

programmes linked to science and technology and furthermore science shops have an 

emphasized priority on the European level. Furthermore, the results of the EUROPTA 

project (European Participatory Technology Assessment, Participatory Methods in 

Technology Assessment and Technology Decision-Making) co-ordinated by the Danish 

Board of Technology, carried out from March 1998 to December 1999 emphasized that the 

“problem of how to deal with uncertainty and inequality is seen as an important motivation 

for setting up participatory processes, which is closely intertwined within the discussion of 

democratisation of science and technology” (Klüver, Nentwich, Peissl, Torgersen, Gloede, 

Hennen, Eijndhoven, Est, Joss, Bellucci and Bütschi, 2000, 9). The project was financed 

by TSER programme of the European Commission (Research Directorate-General) and 

including partners from Austria, Germany, the Netherlands, United Kingdom, and an 

associated partner from Switzerland. The main aims of the project were to advance the 

understanding of the role of participatory oriented TA by assessing the experiences of 

different European national participatory initiatives through 16 case studies, and to help the 

further development of the practical implementation of its methods. Furthermore it 

intended to contribute to the development of participatory methods and practices in 

technology assessment and provide guidance for the implementation of participatory 
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methods as a support function for public discourse and decision-making. The theoretical 

framework of the project intended to provide a sound understanding of participatory 

oriented TA methods. Its focus was on managing uncertainty and inequality, and the 

possibilities of the implementation of participatory oriented process, opening perspectives 

towards the democratisation of science and technology. The comprehensive analytical 

framework consisted the dimensions of social-, institutional context and the Participatory 

TA arrangement and moreover their inter-relationship (Klüver, Nentwich, Peissl, 

Torgersen, Gloede, Hennen, Eijndhoven, Est, Joss, Bellucci and Bütschi, 2000, 7-9). Its 

recommendations supported the understanding and implementation of participatory TA as 

a necessary methodology complementary to traditional TA, when “a need for knowledge 

on public attitudes, social learning, critical (public) discourse” appears or “policy support 

with processes and input is found” (Klüver, Nentwich, Peissl, Torgersen, Gloede, Hennen, 

Eijndhoven, Est, Joss, Bellucci and Bütschi, 2000, 7), furthermore they highlighted the 

need for the improvement and diffusion of participatory based TA methodology and 

practices on both national and European levels. 

 

V. 7. Some Limitations of Participative Approaches 

 

Evaluation of the impacts of technology assessment activities is a complex issue. All 

methods have limitations but the most problematic is the evaluation of indirect effects or 

those results that are originating from multiple sources and make it difficult to trace back 

influences and effects. Considering the operation of the main Danish CTA institute of the 

Danish Board of Technology, Klüver (2000) points out that supporting a political process 

even leading direct actions and law-making raise the problem that it may not traceable 

back to the Board and highlights that indirect and long-term impacts can be more important 

than the direct ones48. The success criterion for the Board is its responsiveness capability to 

working conditions of the identified as the main customers of as politicians. As The Board 

organise parliamentary TA activities, pluralism and independence are the main factors to 

gain political credibility and timing is one of the crucial qualities. Methods should provide 

politicians with results that can be applied without risking to be manipulated. 

                                                 
48 Lars Klüver points out that the work of the Danish Board of Technology should be relevant and necessary. 

The way they can be relevant and necessary does not mean direct impact on legislation. Establishing a 
necessary debate for the Danish actors before it is too late is more important than insuring that the result of 
the debate is of a certain kind (Lars Klüver, verbal notification, Copenhagen (The Danish Board of 
Technology), 03.04.2002). 
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As it was analysed in connection with social experiences of the 1980s, they enhanced the 

social shaping of new technologies, but had limited effect on the major trajectory of 

technology development (Clausen and Hansen, 2002) meanwhile as long term 

experimentation and participation become integrated elements of innovation process 

practices and developed experimental participative culture within the public sector 

furthermore social learning processes were generated that may have been out of the focus 

of the evaluation. Moreover, as a general challenge in this issue, many TA activities have 

not been labelled as TA activity. 

In connection with the main participative methods it must be recognised that however good 

or democratic the methods are if their results are nor considered in the decision-making 

they are of no direct use. Although both consensus conferences and scenario workshops 

had direct impacts, but their indirect impacts are more significant Andersen and Jæger 

(1999) and they highlight that both type of impacts are difficult to measure. 

Considering the energy debates in Denmark and the Netherlands in the 1970s and 1980s, it 

can be clearly seen that the direct results of CTA methods cannot guarantee the application 

of results and due to long time interval and complexity of certain decision-making 

processes their effects may not traceable back to them directly. 

Public debate on energy programme in the Netherlands started in 1981 and lasted two and 

a half years, and cost 28 million gulden. It had many organisational, conceptual and 

problem definition aspects that could be criticised and showed that the complex energy 

debate is not the most appropriate issue to be the object of initial TA applications. Final 

political decision was made independently from the results of the public debate and 

decided the extension of the numbers of nuclear power plants (Tamás, 1994b). The result 

of the public debate could come only come indirectly to the surface as the changing of 

decision-making processes on governmental level towards participation, and the law 

regulation of environmental impact assessment that both implicated significant effects later 

on compared to the practices of other countries. 

In Denmark, the public debate on the energy programme started in the second part of the 

1970s. Unfortunately, it has not clearly defined the objective of the debate, which resulted 

in many restart of the process. The debate utilised only 1 million gulden and had much 

better conditions in terms of organisation and efficiency than the one in the Netherlands, 

although the final political decision was opposite to the results of public debate (Farkas, 

1999). 
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In connection with consensus conferences Andersen and Jæger (1999) point out that there 

were many results that were not taken into consideration. The direct success criteria would 

be the difference that recommendations make, even though participants actually have a 

voluntary advisory role to decision-making without any guarantee that their efforts will be 

considered at all. Andersen and Jæger (1999) raise the question similar to Klüver (2000) 

whether the most important impact is the direct one on specific decisions or the new 

knowledge they communicate towards politicians and awareness they create for the public. 

They also highlight the problem of recruitment of participants as it can only target those 

who are concerned with the certain issue and intend to actively participate. Even though it 

is a large part of the population, in spite of the efforts of developing sound process in this 

area, the Danish Board of Technology also admits that the lay panel cannot be fully 

considered to represent the opinion of the whole population. Although Hennen (2005) 

point out that consensus conferences stimulates an informed public sphere, which should 

form the basis of decision-making processes in representative democracy. The method 

mainly represents an opportunity to identify and channel the opinion of those who are 

generally not asked about the certain issue and have little power to be generally heard in 

discussions. It provides dimensions that may be not taken account in public debate and 

decision-making and provides “opportunity for democratic decision-making on the use and 

regulation of new technology” (Bijker, 1993, 28 cited in Andersen and Jæger, 1999, 336), 

which leads to better and more comprehensive decision-making. 

In case of scenario workshops citizens are group of actors among other groups and because 

of the local context they all can be clearly considered as experts. Since top-down 

approaches tend to have less influence in local issues and the formation of local dialogue 

can easier lead to local actions, their contribution may have larger impact possibility. 

Although their scope and applicability of their results are very much limited to local 

context and generally applicable results would require more experience with more time and 

money. Furthermore, due to their mostly local orientation it is much harder to make it 

subject of politicians interest (Andersen and Jæger, 1999). According to Andersen and 

Jæger (1999) further development of methods are needed towards more earlier 

involvement of the public at the stage of design and deciding on the selection of criteria in 

the development of technology simultaneously with the strengthening of the power of 

consensus conferences to balance the more narrow approach of experts in the decision-

making. The application  of scenario workshops should be considered in connection with 

‘participatory inquiry’ (Fisher, 1999, in Hennen, 2005) that searches for sustainable 

solutions for regional or local planning problems. Here lay people has a more significant 
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role than in the context of ‘public controversies’ on the application of generic technologies 

or on the ethical aspects of research, mainly targeted by consensus conferences, where lay 

people appear more as moral persons evaluating the new technological options than clients 

or users. 

For further critiques beside the limitations of CTA institutions framed by the political 

arena and of democratic participative methods, it must be highlighted that some opposing 

tendencies in the democratic practices and efforts can also be observed. In spite of the 

Danish democratic traditions, in some cases of bridge (for instance ’The Great Belt Link’ 

between Funen and Zealand) or tunnel constructions or in the case of the metropolitan 

underground design and building, the capacities of participatory methods are not utilised at 

all49. 

As Hansen and Clausen highlights (2000, 38) beside the individual limitations of 

participative TA approaches, “they played and continue to play an important role for the 

dynamics in the social shaping of technology” through actor position formation, awareness 

of silent users, public debates of various participants like NGOs, trade unions, local 

communities and consumers, furthermore through social awareness, skill development and 

broader cultural movement of participation. TA activities enhanced the translation of user 

experiences into new methods of socio-technical system design (Clausen and Hansen, 

2002). Democratic society is a prerequisite background, but also a constructive ‘fourth 

spiral’ element of technology development initiatives of all institutional spheres aiming at 

social acceptability in a multi-polar society consisting of different knowledge and value 

bases. Through systematic inclusive processes, value plurality and knowledge of society 

enhances the development of socially acceptable innovations, meanwhile establish higher 

level of risk governance. 

The comprehensive analysis of the leading constructive technology assessment practice 

through the presentation of the Danish mode of CTA shows that although democratic 

society is considered as a prerequisite background of technology development initiatives of 

all institutional spheres, it has a potential to act as crucial constructive ‘fourth spiral’ 

element, thus this latest parallel recognition should be built in the understanding in a 

complementary manner. 

 

                                                 
49 Christian Clausen, verbal notification, Copenhagen (Technical University of Denmark), 26.02.2002. 
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VI. Technology Assessment and Innovation 

 
 
The evolution of technology assessment shows a shift from classical risk management 

orientation towards the integration of further aspects in the developing concept of the 

constructive form of TA. Böhle and Raeder (2003) points out that technology foresight has 

always been understood as means to support mainly the national innovation system, 

nowadays also we can observe the shifting of technology assessment towards innovation. 

They highlight that this is the main part in the shifting from technology assessment to 

‘innovation and technology analysis’, and emphasise that TA in fact deals with complex 

technological innovation processes. The diffusion phase of innovation is a major target of 

technology assessment activities, although CTA tends to move toward to be considered a 

relevant enhancing mechanism in all phases of the innovation processes and beside 

enhancing incremental innovation processes it also becomes basis and framework of the 

methods aiming at developing socially accepted breakthrough innovations with the main 

consideration of forming social robustness. 

The elaboration of socially and environmentally valuable innovations is increasingly 

emphasized, as the enhancement of competitiveness is more and more fulfilled through 

innovative products representing social values. In its realisation, public participation based 

constructive technology assessment strategy oriented management methods represent 

significant tools with their integration in technology development processes, with the 

emphasized possibility of user involvement as a form of public participation50. Currently 

both the policy need of public participation and user involvement intention of the industry 

can be simultaneously observed, significantly requiring the consideration of CTA practices 

in the entire process of innovation. As Hronszky (2005d) highlights, there are parallelities 

in the quest for participation in production and in administration where public appears as a 

co-producing consumer of policy decisions, although participation representing a multiple 

purpose resource in social system dynamics has ambivalences in both areas. Firstly, it can 

contribute to the emancipation of groups so far only affected by but not involved in the 

technology development oriented decision-making processes. Secondly, participation can 

strengthen tendencies of individualisation and alienation. Furthermore, he emphasises that 

participation may also be a tool of exerting control and imposing the values of the 

                                                 
50 The innovation process model of Gallouj (see pg. 9) may also emphasise above its original message, but 

within the framework of the increasing need for co-innovative, integrated and contextualised consultancy 
that the role of experts moves toward consultancy and of public participation towards extending 
knowledge- and value-base with the inclusion of highly contextualised and practical perspectives in all 
possible phases of technology development processes. 
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producers by making the users collaborators of the design and implementation process. 

Rohracher (2005) points out that CTA with the participation of users in the design process 

is expected to be more likely to bring up social relevant issues and the problems of 

acceptance very early in the processes, furthermore as second order learning is an 

integrated element of its learning processes, it helps to open possibilities through 

questioning existing preferences and requirements. The emergence of breakthrough 

oriented converging technology development significantly highlights the needs of these 

practices, from vision assessment and development of self-organising networks to co-

produced innovation processes, where even the phases of the innovation processes 

simultaneously appear as targets of activities and are heavily effected by system of 

feedbacks, resulting in a rapidly changing co-evolutionary context, where the development 

of technologies call for the revisiting of the issues of targeted social groups along the 

changings of the developing social visions of the forming socio-technical initiative. 

Majer (2005) highlights that sustainable innovations requires specific conditions such as 

shared vision, cooperation and interaction in society, furthermore embeddedness in a 

learning society and experimentation. As Majer (2005) points out, the emergence of 

innovation changed considerably in the last 200 years, from the individual inventor without 

explicit visible interaction through setting up large in-house R&D institutions51 where 

innovation was based mostly on selected group of experts to innovation processes which 

become a ‘normal’ activity by all or most citizens, leading to sustainable society with 

interaction of all relevant actors, corrigating the former accomplishment of innovation 

processes departed form the preferences of consumers. The management of the dynamical 

innovation processes should also find the way to relate to uncertainty in the world of plural 

value system. Instead of products and processes, learning agents become centre of 

sustainable innovations. Sustainable innovations among others require joint vision based 

on participation, a potential, willingness and ability to cooperation and interacting. Given 

adequate conditions, since innovation is an interactive and self-organising process, 

sustainable innovations can emerge self-organised or have to be implemented through 

embedded networking and self-organisation, providing possibility for organising all actors 

for learning for jointly finding solution to a problem (Majer, 2002). 

                                                 
51 Before the appearance of institutionalised in-house R&D activities, the process could also be completed 

with the Schumpeter mark I. model, which takes place in a competitive, entrepreneurial capitalism 
characterised by inventions and exogenous scientific discoveries, where innovative entrepreneurial activity 
consists of the identification of available knowledge of inventions and discoveries having economic 
potential, and of the implementation of the innovation process (Muller, 2001). 
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Leijten (2002, 67) highlights that to “open the innovative potential of users” by means of 

large-scale public experimentation becomes increasingly necessary in innovation 

processes. As this offers opportunities for creative innovation on the part of users which 

actually involve users as constructive actors and even as producers in the innovation 

process and their role will be not bounded to select and adopt a certain technology but 

extended to invent and develop new applications. As Leiten predicts this possibility will 

not only be the available in ICT field but also in biotechnology and nanotechnology in the 

near future, when the basic building blocks of a technology become available for the wider 

public. According to this ‘learning by doing’ will be a dominant in innovation processes, as 

learning becomes a process of designing (Serra, 2002, cited in Leijten, 2002, 72) through 

collective learning processes based on user involvement. Currently, this is mostly valid in 

case of ICT and advanced services with highly networked environments, where there is 

increasingly growing application of public experimentation (see Chapter V.3.1.). 

“Experimental socio-economic engineering” appears as the complement of technological 

experiments (Leijten, 2002, 90). Experimentations provide more than testing certain 

technologies or providing user-friendly products, since they form a “joint discovery 

process” (Leijten, 2002, 74) and integrate technology laboratory and social laboratory in 

their processes in order to provide space for the cooperation of many different parties of 

the relevant socio-technical systems to build consensus and promote visions. In the 

beginning of an extended public experimentation Leijten (2002) highlights the need of 

extensive public decision-making in order to educate and familiarise users with the 

technology. After, the “innovative potential of the users” (Lundvall, 1988 cited in Leijten, 

2002, 75) both final and mediate ones are targeted to develop applications from the 

provided technology platform tailored to their own specific needs (see Chapter V.3.1.). 

This may lead to the development of generic technology platforms and the more 

emphasised recognition of feedback loops in innovation processes (see pg.4.). It emphasise 

the importance of application oriented knowledge, furthermore multiactor and cross 

disciplinary activities building on the knowledge spread in society. Developments point 

towards the direction of innovation networks with contradictory co-opetition forms and 

many emerging issues as ownership of results and other benefits (Leijten, 2002). 

Experiments based on extended knowledge, value, experience and creativity bases and 

consensus building among different interest groups may lead to the discovering of potential 

and limits of new technologies and enhance the possibility to develop sustainable 

innovations. 



 

 116 116 

Leijten (2002) also points out that the main problem of companies is no longer to invent, 

develop and market services or products, but to select what to make. In highly dynamic 

innovation processes the issue of identifying the representatives of future users  can even 

accompany this challenge. As Konrad (2005) points out the scenarios of use including the 

concepts of both how and by whom may change radically, and following the above 

mentioned statements of Leijten (2002), it tends not to be possible to differentiate between 

separate phases of development and use as development cycles and relevant design and use 

phases may proceed side by side, and not successively at all. This may lead to instability, 

situations that are characterised by circle of uncertainties, where “neither technologies, 

user groups nor scenarios of use are a reliable basis for a development process” (Konrad, 

2005, 317) as they can be subjects of rapid change, thus impacts of technology are also 

unknown. The ultimate user groups and scenarios are often not those expected in the early 

phases of development, since the modifications and further developments generate radical 

alterations in the scenario rather than incremental ones. Furthermore, many times 

technology has to designed to a certain level, before even generic scenarios can be 

developed, but in this case there are already presumptions about the future users are built in 

the technology as a kind of customer-specific scenario from the developers’ side. At the 

point when an innovative technology is quite malleable and future users have not yet been 

determined, we have to face a complex and unstable situation with the changing of relevant 

user groups thus the relevance of social groups according to the evolution of scenarios 

leads to a paradox situation (similar to the discussed paradox of innovation at pg. 7.) since 

user involvement will have significant limitations, although it will be need more to the 

appropriate management of the innovation processes. Konrad (2005) points out that 

participatory approaches as participatory design aiming at involving futures users in the 

design process or evolutionary consideration based alternation of design and use phase 

involvement in order to integrate the future selection environment, or experiments 

representing a more open form of user involvement, where technology is tested over a 

certain period of time on a larger scale are quite important, although in highly dynamic 

innovation processes they may have a significant limitation of not taking larger societal 

dynamics into consideration as they only focusing on local dynamics of design. 

In order to manage highly dynamic co-evolutionary innovation processes with the 

permanent and parallel co-evolution of technologies, applications and use patterns, Konrad 

(2005) identifies three main strategies for designers considering the scenario, the specific 

user group or technological function as a starting point. She highlights that the maintaining 

of possibilities of future revisions till the innovation get integrated in the societal structures 
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is as important as the adaptation of technology to the scenario, user groups or the specific 

function. This extremely requires the integration of frame-reflection in the innovation 

management process that is basically inherent of the concept of CTA. Furthermore the 

application of CTA as wide public participation based ‘vision assessment’ (Grunwald, 

2002) (see pg. 117.) consisting permanent assessment and reflection process with the 

recognition that visions become clear during the technology development process due to 

the co-evolutionary processes of technology and society, and furthermore conscious 

consideration of changing societal context may have a potential to manage even the 

challenges of highly dynamic innovation processes and overcome certain limitations of 

some of the inclusive processes within these context, which is also highlighted by mainly 

the intention of NanoNed and CTEKS of CTA application in this manner in breakthrough 

oriented converging technology development (see Chapter III.3.). 

Abernathy and Clark (1985) highlight that firms likely to have to face the task of managing 

different kinds of innovation at the same time, and simultaneously managing incremental 

and  breakthrough or ‘architectural’ innovations. They points out that breakthrough 

innovations break technological competencies and customer linkages as they are irrelevant 

for the success of the new technological option, and require the development of new 

competencies and linkages. Following Abernathy and Clark (1985),  Hofman (2003) points 

out that there are several path dependent features of the existing system acting as a barrier 

as the existing skills and competences do not satisfy the needs of the innovation, and new 

innovation demands a new set-up of market linkages, furthermore users are not 

accustomed to the new innovation, moreover industrial and regulatory standards have 

developed within the existing system may also act as barriers for the radical innovation. 

Thus, radical innovations require the creation of new paths fitting the emerging new 

technologies, although these paths are likely to require major modification of existing 

networks and “demand multistakeholder ventures into the conditions and infrastructures 

under which the radical innovation can perform” (Hofman, 2003, 2). He also emphasises 

that beside the focus on the technical and economic performance the social performance of 

the technology should be also considered, „such as the way acceptance is gained, actors 

gain belief in its promise, and the way its initial introduction is accompanied by wider 

institutional changes that facilitate a further spread of the technology” (Hofman, 2003, 13). 

The main concerns should focus not only on the functioning of the technology involving 

linkages between heterogeneous elements (Geels, 2002, in Hofman, 2003), but also the 

possibility to shape the social configuration in which it can function with the recognition 
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that success also needs the availability of the window of opportunity created by societal 

changes (Hofman, 2003). 

CTA has flexible and relevant competence in both areas with different management 

approaches, targeting different stakeholder based development processes from mainly 

employee, user and local stakeholder groups involvements mostly for incremental 

innovation processes, to vision assessment and heterogeneous self-organising network 

development for establishing social robustness of breakthrough technologies, which do not 

only break technological knowledge and skills, but also disrupts existing social and legal 

arrangements (Larédo, 2003)52.  

Rip (2002a) highlights that the idea of possibility to map emerging paths that are created 

while ‘walking’ (Garud and Karnoe, 2001, cited in Rip, 2002a, 14) and to analyse the way 

they emerge, furthermore to feed it back to the actors was “being developed into a TA tool 

for RTD projects” (Rip, 2002a, 14) under the framework of the EU supported SocRobust 

project co-ordinated by Larédo. The Socrobust project supported by the EU TSER 

programme aimed at developing a method capable of describing the risks taken and 

following the exploration made. Jolivet, Larédo and Shove (2002) highlights the main 

advantages of the methodology in terms that it is interdisciplinary and internalises societal 

robustness within the project rather than externalising future problems as barriers or non-

technical obstacles. Furthermore, it offers the potential for both periodic use and for project 

monitoring. As limitations they point out that the process depends highly on tacit 

knowledge about innovation processes, which currently hinders its application by project 

managers themselves, furthermore it has not provided a series of trials, yet. 

The project utilises socio-technical mapping providing both a starting point for a diagnosis 

of the involved dynamics and possibility of tracing expectations of relevant actors about 

the technological option. It considers the heuristics that guide the further developments of 

technology, and actors’ anticipation of the impacts of the new social-technical initiative, 

furthermore existing and developing network linkages. SocRobust intends to reconstruct 

actors’ script of social, cultural, and technical context of the envisaged future in order to 

analyse the functioning of the technology. The creation of such contexts and the limitations 

that become visible do not only help to analyse the feasibility of further development and 

implementation of technology, but are also parts of the co-production of impacts (Rip, 

2002a).  

                                                 
52 It should be highlighted that innovation search mechanisms tend to search for breakthrough innovation 

potential extendedly to all elements, even in traditional targeted areas of incremental innovations. 
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Jolivet, Larédo and Shove (2002) established a four-step process of description, project 

unfolding for strategic change identification, societal robustness assessment and lines of 

action with ten tools for the management of breakthrough innovations in the SocRobust 

project. Description deals with project narrative and identifying critical issues. Unfolding 

the future script already embedded in the project to identify strategic changes involves the 

visualisation of present network and the identification of critical actors in order to increase 

the richness and heterogeneity of the network, furthermore the nature and durability of 

actors. It focuses on the requirements of the future network and its context, furthermore the 

relevant key changes. Societal robustness assessment on the key changes intends to 

accomplish external check by focusing on the critical assumptions made by the project. 

Finally, the lines of actions focuses on the capacity of actions and assess the margins of the 

project for manoeuvre, also creating space for debate within an a framework of a forum for 

exchanging argument of relevant groups in order to reach robustness along the goals that 

are internalised by relevant group and also mobilise the results of external check regarding 

robustness of the envisaged constructions. 

The SocRobust process with the central issue of clarifying uncertainties, progressively tests 

the relevance of the envisioned setting of  both human and non-human actors in order to 

discover how actors can be involved and structured. The SocRobust methodology has been 

tested on projects, which helped the consolidation of the method and showed its practical 

relevance. The developed methodology is built on two central approaches. On the first 

hand, it uses methods based on inversion of scenario making, focusing not on external 

scenarios, but on the projects own endogenous scenarios with the task of unfolding the de-

scription of the future world inscribed in the project in order to identify and characterise 

the required strategic or key changes. On the other hand, since breakthrough innovations 

break from present market structures, they require a collective agreement through debates 

at a so-called fora where agreement can be gained. Success in fostering agreement is 

measured by the reached robustness of the alignment of arguments and actors utilising 

focused external search for assessing the societal robustness of key changes along the three 

possible breakthrough dimensions of technological and infrastructural, especially focusing 

on the legal, administrative and regulatory environment, furthermore user-producer 

relationships in order further characterising the capacity of the project (Jolivet, Larédo and 

Shove, 2002). The method should result in a stable heterogeneous self-organising network, 

where the included actors, institutions and technical objects form a durable co-operation53. 

                                                 
53

 It should be highlighted that the proactive approach of developing a stable heterogeneous self-organising 
network may also roots in the social constructivist and evolutionary understanding for the management of 
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Constructive technology assessment gradually moves toward the integration of further 

aspects beyond classical risk management orientation of technology assessment fulfilling 

the requirements of both incremental innovation management and through vision 

assessment and the development of self-organising networks towards co-produced 

innovation processes the management of breakthrough innovations, and becomes main 

basis and framework of innovation methods aiming at developing socially acceptable 

innovations. 

                                                                                                                                                    
innovation processes. As Rip (2002a) highlights, actors tend to project a linear future and use it as a 
roadmap, while mapping tools should force actors to consider non-linearity of evolution, and accept 
complexity of innovation processes. Hronszky (2001) highlights, that an important recognition of the 
social-constructivistic reconstruction of history of technology, when it considers that technologies are 
always ‘in the making’, which means the possibility of active participation in the formation of 
technologies through the whole process from planning, developing, and using technologies. Social 
constructive approach highlights that every technological choice is simultaneously a social choice and 
emphasise the co-contruction of technological artefacts and their environment (Hronszky, 2005). It should 
be highlighted that relevant social groups may have a significant potential to actively change the artefact 
in the development process of technology as it was the case of ‘bicycle’ development over a decades 
(Pinch and Bijker, 1987), or completely change the artefact and even invent a new one just right in the 
diffusion phase as the case of the social construction of fluorescent lighting shows (Bijker, 1992). The 
characteristics and relevance of social groups clearly requires a proactive utilisation of the historical 
knowledge based on the social-constructivist and evolutionary understanding of analyses and 
constructively built in the process of innovation management. As Grunwald (2002) emphasises, 
technology assessment helps the shaping of technology, although it should not be considered as a 
procurement of acceptance as refusal of accepting a technology can also be result of a learning process. As 
Rip (2002a) highlights, TA can improve the quality of scenarios through understanding the dynamics of 
the process in which actors are involved. The recognition originating from  this understanding will make 
actors act differently and thus leading to the shift of the dynamics through changing actions and 
modulating of innovation journeys and the embedding process of technology in society, where technology 
assessment should play significant role. 
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Conclusions 

 

 

The management and policy considerations of technology development, especially the 

emerging breakthrough oriented converging technologies, require participative and 

precautionary approaches complementary to former risk assessment (classical TA and 

qRA) methods. Public participation is required in order to reflect on the characteristics of 

risk originated from technology development and to establish higher level of democracy in 

the governance of risk on social level. Due to the characteristics of risk and certain 

limitations of qRA approaches, precautionary approach tends to represent a more scientific 

approach in risk assessment than the ones neglecting these aspects. Consideration of 

systemic risk requires a more comprehensive assessment with special focus on both 

qualitative and quantitative factors. Risk management and assessment from the initial 

phases requires methods extending the interrelating knowledge- and value-bases of 

decision-making processes realizing the social construction of knowledge and risk in order 

to construct socio-technical systems in socially accepted manner. These considerations 

implicate difficult tasks to be managed, but anyhow challenging they are, they must be 

accomplished. The constructive form of technology assessment provides reflectivity on 

changing contexts in a socially responsible manner, furthermore frameworks and tools for 

risk management on multiple levels of society towards enhancing the possibility of the 

social construction of knowledge, risk and technology. It creates framework through 

inclusive and qualitative aspects extendedly integrating risk assessment oriented methods 

for developing socially acceptable innovations. Constructive technology assessment moves 

toward the integration of further aspects beyond classical risk management orientation of 

technology assessment, and it has possibility to be applied in all phases of the innovation 

processes and can be utilised as a basis and framework of innovation methods aiming at 

developing socially acceptable innovations. It must be emphasised that although 

democratic society is considered as a prerequisite background of technology development 

initiatives of all institutional spheres, it has a potential to act as crucial constructive ‘fourth 

spiral’ element, thus this latest parallel recognition should be built in the understanding in a 

complementary manner. 
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Glossary 

 

The glossary contains some main relatively new terms of the analysed issues for definite 

understanding of them in the context of the Thesis. 

 

Co-evolution: Following the understanding of Rip (2002b), it is linked evolution of more 

dynamics that are all possible to be conceptualised in terms variation and selection. The 

linkage can provide patterns with dynamics of their own. Dynamics become parts of each 

other in the evolution process, for instance as economy should also be analysed in the 

context of society. There are different notions of co-evolution as between producers and 

users, within innovation systems, between science, society and markets and all of these 

concepts imply new relationships of civil society in the knowledge production (IFOK, 

2005). 

Co-opetition: It is an increasingly emerging new and contradictory form of relationship 

combining co-operation and competition of the same actors in innovation processes. 

Dual nature of risk: Technology development has a two-fold challenge for society. It may 

provide possibility to socially desired progresses, meanwhile bringing unwanted effects. 

New products and processes bring undoubted benefits, carry unknown and unpredictable 

risks. The nature of risk is dual, as it appears as a potential for technological progress and 

also as a social threat (Renn and Klinke, 2004). 

Embeddedness: It is the process that forms the basis of co-evolution through establishing 

mutual dependence of systems that results in the situation that unindependently they are 

not possible to be defined. If we do not abstract, any technological system is a socio-

technical system. In one relation it means, that social systems make up the preconditions 

for technologies to function, they are embedded in social relations. According to Latour 

(1991) society and technology should not be considered as two ontologically distinct 

entities, rather like phases of the same essential action. As Latour highlights, the technical 

artefact is ‘society made durable’ and it never act in isolation but become embedded into a 

socio-technical network. 

Endogenous: It is a characteristic of a system of internal originated change. We can also 

identify endogenous futures in technological developments and their embedding in society. 
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Governance:  It means rules, processes and behaviour that effect the way in which powers 

are exercised. In the context of the thesis it relates to the European level. 

Reflexive co-evolution: It means the context when the dynamics of co-evolution change 

due to the results of actors’ anticipation on co-evolutionary interactions and outcomes, and 

of their definition and adaptation of own actions on the basis of understanding of co-

evolution (Rip, 2002a). In the Thesis, it is mainly considered in the relation of society and 

technology. 

Robustness: It is the situation when the assumptions on which the proposition depends are 

no longer challenged  (Jolivet, Larédao and Shove, 2002). It can also be considered as the 

“combination of consolidation and well-articulated alignment” (Rip, 2001, 102). 

SocRobust means societal robustness of breakthrough innovations (Jolivet, Larédo, Shove, 

2002). 
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Appendicies 

 

Appendix I. 

The mythological background to the risk classification of the study: 

“‘Sword of Damocles’: According to the Greek mythology Damocles was invited to a 

banquet by his king. At the table he had to sit under a sharp sword hanging on a wafer-thin 

thread. Chance and risk are tightly linked up for Damocles and the Sword of Damocles 

became a symbol for a threatening danger in luck” (Renn and Klinke in Stirling, 2001, 16). 

“‘Cyclops’: The Ancient Greek knew enormous strong giants who were punished despite 

their strength by only having a single eye. They were called Cyclops“ (Renn and Klinke in 

Stirling, 2001, 16). 

“‘Pythia’: The Greeks of the antiquity asked their oracles in cases of uncertainty. The most 

known is the oracle of Delphi with the blind prophetess Pythia. Pythia’s prophecies were 

always ambiguous“ (Renn and Klinke in Stirling, 2001, 17). 

“‘Pandora’s box’: The old Greeks explained many evils and complaints with the myth of 

Pandora’s box, which was sent to the beautiful Pandora by the king of the gods Zeus. It 

only contained many evils and complaints. As long as the evils and complaints stayed in 

the box, no damage at all had to be feared. However, when the box was opened, all evils 

and complaints were released which than irreversibly, persistently and ubiquitously struck 

the earth” (Renn and Klinke in Stirling, 2001, 17). 

“‘Cassandra’: Cassandra was a prophetess of the Trojans who certainly predicted correctly 

the victory of the Greeks, but her compatriots did not take her seriously“ (Renn and Klinke 

in Stirling, 2001, 17). 

“‘Medusa’: The ancient mythology tells that Medusa was one of three snake-haired sisters 

of the Gorgons whose appearance turns the beholder to stone” (Renn and Klinke in 

Stirling, 2001, 17). 

 

 



 

 XX 

List of Figures 

 

 

Figure 1: The chain-linked model of Kline and Rosenberg .................................................5 

Figure 2: Schumpeter mark III. derived from Schumpeter mark II. ....................................9 

Figure 3: Triple Helix model …………………………………………………..................10 

Figure 4: The two dimensions of sociality and the four rationalities .................................33 

Figure 5: The Concepts of ‘Incertitude’, ‘Risk’, ‘Uncertainty’ and ‘Ignorance’ ………...38 

Figure 6: Model of Scientific Methodology …………………………………………..….58 

Figure 7: An Alternative Model of Relationships between the Concepts of Risk, 

 Science and Precaution …………………………………………………….…..66 

Figure 8: Risk Classes, A Graphic Representation of the Heuristic Risk 

Taxonomy ...........................................................................................................78 

 
 
 
 

List of Tables 

 

Table 1: A Heuristic Taxonomy of Different Classes of Technological Risk ……..…….77 



 

 XXI 

Publications of the Author 

 

Articles in edited books: 

Várkonyi, L. 2005: Technológia hatáselemzés és technológiai előretekintés alkalmazása 

innovációs folyamatokban (Application of Technology Assessment and Foresight in 

Innovation Processes). In Molnár, L., Tóth A. (eds): Innováció és globalizáció (Innovation 

and Globalisation). Arisztotelész Bt., Budapest (ISBN 963 86670 3 6) 

Várkonyi, L. 2005: A participatív alapú technológia hatáselemzés és dániai fejlődése 

(Participative Technology Assessment and Its Evolution in Denmark). In Hronszky, I., 

Farkas, Sz., Galántai Z., Kürtössy J. (eds): Innovációkutatási tanulmányok (Innovation 

Research Studies). Magyar Szabadalmi Hivatal. Budapest (Under publication) 

Várkonyi, L. 2005: Social Construction of Risk: Case Study of Denmark. In Galántai, Z., 

Pesche, H.-J., Várkonyi, L. (eds): Internet and Security. Sigma. Berlin (Under publication) 

Várkonyi, L. 2005: Technológia menedzsment módszerek szerepe az innováció-

politikában (Role of Technology Assessment Methods in Innovation Policy). In Buzás N. 

(ed.): Tudásmenedzsment és tudásalapú gazdaságfejlesztés (Knowledge Management and 

Knowledge-Based Economy Development). SZTE Gazdaságtudományi Kar Közleményei 

2005. JATEPress. Szeged. 50-62. 

Várkonyi, L. 2005: Shaping Better Technologies Through Constructive Technology 

Assessment: On The Danish Case. In Kornwachs, K., Hronszky, I. (eds.): Shaping Better 

Technologies. Litt Verlag. Münster. Germany (Under publication) 

Várkonyi, L. 2005: Teaching Participative Approaches Towards Sustainable Technology 

Development. In Oktem, U. (ed.): Bridging the Gap: Proceeding from the First United 

Nations Global Compact Academic Conference. Istanbul (Under publication) 

Várkonyi, L. 2003: Technológia hatáselemzés és társadalmi participáció (Technology 

Assessment and Public Participation). In Perecz, L. (ed.): Műhelytanulmányok (Workshop 

Studies). Gazdaság- és Társadalomtudományi Kar, Budapesti Műszaki és 

Gazdaságtudományi Egyetem. Ligatura Kft-Naszály Print Kft. Budapest (ISSN 1589-

1143) 

Várkonyi, L. 2003: A dán technológia hatáselemzés története (History of Technology 

Assessment). In Vámos, É., Vámosné dr. Vigyázó L. (eds.): Tanulmányok a 

természettudományok, technika és orvostudományok történetéből (Studies from the History 



 

 XXII 

of Natural Sciences, Technology and Medical Sciences). Műszaki és Természettudományi 

Egyesületek Szövettsége Nyomda. Budapest. 219-224 

Várkonyi, L. 2002: Participative Approach in Technology Development: Danish 

Experience from a Hungarian Aspect. In Karner, S., Wieser, B. (eds.): International 

Summer Academy on Technology Studies: Technology and the Public. IFF/IFZ Conference 

Proceedings, Graz: IFF/IFZ, S., Austria. 243-252. 

 

Conference proceedings: 

Várkonyi, L. 2003: A participatív technológia hatáselemzés jelentősége Dániában (The 

Importance of Technology Assessment in Denmark). In Doktoranduszok Országos 

Szövetsége (ed.): Tavaszi Szél 2003 Konferencia kiadvány. Doktoranduszok Országos 

Szövetsége. Sopron. 2002 

 

Other publications: 

Várkonyi, L. 2003: Az Európai Unió kockázat koncepciója és a technológia hatáselemzés 

alkalmazása (Risk Concept of the European Union and the Application of Technology 

Assessment). In Kazinczy Zs., Sárkány I. (eds.): XXVI. Országos Tudományos Diákköri 

Konferencia, Társadalomtudományi Szekció. Tartalmi kivonatok. Debreceni Egyetem 

Bölcsészettudományi Kar. Debrecen. 182. 


