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Brice Laurent (MINES ParisTech, brice.laurent@mines-paristech.fr) 

Abstract 

Public participation in science, technology, and innovation is a significant trend in 

contemporary western democracies, which increasingly implicates the social scien-

tist in diverse ways. Yet, the question as to how social scientists actually engage in 

public participation, and how their engagements may be normatively justified, is 

not the object of systematic consideration in participatory frameworks and in ac-

tion-oriented social science. In this article, we ask how social scientists can take 

responsibility for their normative choices when engaging in participatory practice. 

Drawing on our experiences as researchers of public participation in nanotechnol-

ogies in Flanders (Belgium) and France, respectively, we reflectively consider our 

relationship with research subjects, the political relevance of our work, and the 

research problems we deal with. This leads us to articulate three modes of norma-

tivity that inform our commitments: a process mode, a critical mode, and a mode 

inspired by Actor Network Theory. Differentiating between these modes and gar-

nering sensitivity towards each mode’s characteristics opens the way to experi-

mentation with different types of normativity through which the social scientist 

accounts for his commitments and shifts or deepens his engagements in response 

to conflicting demands and real-world circumstances. Thus, rather than endorsing 

one approach to participation, we recommend a pragmatic attitude that implies 

systematic probing of the roles the social scientist assumes vis-à-vis other partici-

pants, interests, and objectives, and that enables him to continually adjust his po-

sition in view of the particularities of his situation. 
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1 Introduction 

“The integration of ethical concerns, 

innovation research and social sciences 

into nanosciences and nanotechnolo-

gies Research and Development will 

help build confidence in decision-

making related to the governance of 

nanosciences and nanotechnologies.” 

(CEC 2005: 9) 

Public participation in science and 

technology (S&T) is a significant trend 

in contemporary western democracies, 

which engenders new research collab-

orations and the building of new rela-

tionships between science and society. 

Yet, despite the widespread adoption 

of participatory discourses and prac-

tices, the terms and uses of “participa-

tion” are manifold and contested. In 

this article, we reflect on our engage-

ments as social scientists in ongoing 

processes of public involvement in new 

and emerging technologies. The ques-

tions we raise concern the shifting 

nature of roles (expert-non-expert, 

observer-participant), the interplay of 

different “knowledges” (scientific, so-

ciological, lay) in participatory pro-

cesses, and social researchers’ contri-

butions to innovation and research 

and development more broadly, as 

policy makers, natural scientists, and 

citizens call on us to take on responsi-

bilities beyond the traditional confines 

of academia. The quote above from the 

European Commission’s nano-

technology Action Plan is a case in 

point, as it proposes integrating social 

sciences into nanotechnology research 

and development in order to build 

public confidence in nano-related de-

cision-making. Yet, the extent to which 

social science can contribute to this 

aim, and whether or not it should, is 

debatable. More challengingly still, 

assuming that social scientists accept 

the invitation to play a role in the gov-

ernance of emerging technologies, 

how are they to proceed? 

These questions are further complicat-

ed by the fact that social scientists 

themselves increasingly instigate and 

coordinate participatory activities in 

S&T, for instance through consensus 

conferences and scenario workshops. 

This is distinctively the case with new 

and emerging technologies, where 

social researchers mobilize citizens 

and natural scientists in experiments 

with “anticipatory governance” 

(Barben et al. 2008) and provide partic-

ipatory expertise in potentially contro-

versial contexts (Joly and Kaufman 

2008). Often, these initiatives assume a 

scope, reach, and aims that differ from 

policy rationales. They can also differ 

considerably from one another.  

The multiplicity of engagement for-

mats and the variety of expectations 

and demands they entail, produces 

contradictions and uncertainties that 

are normative and political in charac-

ter, as actors seek both to justify and 

prescribe particular lines of action for 

others to follow, and organize them-

selves for mutual support. As these 

processes invariably implicate the so-

cial scientist in various ways, there is a 

need to empirically examine and con-

ceptually frame the forms of engage-

ment he enacts (Macnaghten et al. 

2005, Bennett and Sarewitz 2006). 

Thence, we ask ourselves how we re-

late to policy makers, citizens, natural 

scientists, and other social scientists in 

public participation. How should we 

engage with these actors and how 

should we study them? Under which 

conditions and on which grounds do 

we act? More broadly, how do we un-

derstand the political and normative 

significance of our work?  

In the field of Science and Technology 

Studies (STS), in which our research is 

situated, the questions posed above 

prove contentious. Critics argue that 

STS research fails to transform the 

ways in which science is done (Fuller 

2000) and that it cannot help us in 

answering the pressing political ques-

tion, What to do? (Radder 1998). While 

prominent STS scholars respond that 

their work is “political in the deepest 

sense” (Jasanoff 1996) as well as criti-

cally engaged, for instance because it 
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renders explicit competing claims in 

the production of rationality (Wynne 

1996), these responses by and large 

leave open the question of how the 

social scientist is to articulate norma-

tive positions or state claims vis-à-vis 

the actors he engages with. 

Recently, advances in addressing ques-

tions of this more explorative nature 

have been made, as STS analysts re-

flexively attend to the multiple and 

potentially conflicting roles they as-

sume in technoscientific collaborations 

(see e.g. Abels 2009, Doubleday 2007, 

Burchell 2009, Robinson 2010) and ask 

what it means to intervene in practice 

as an STS researcher (Zuiderent-Jerak 

and Jensen 2007). Increased attention 

is also given to the different ways in 

which STS scholars conceptualize 

technology, politics and participation, 

and to the political implications of 

using these concepts in particular 

ways (Wynne 2007, Nahuis and Van 

Lente 2008). Acknowledging, and re-

sponsive to, these tendencies in STS, 

this article is meant as a contribution 

to the growing body of literature that 

develops critically reflexive analyses of 

STS, often with the benefit of ethno-

graphic data, and questions the roles 

of social scientists in relation to public 

participation in S&T in particular. 

Our questions and concerns lead us to 

interrogate the reflexivity of the social 

scientist. Reflexivity, as it is deployed 

in this article, implies calling attention 

to the social scientist’s research and 

the practices he engages in. As we seek 

to illuminate normative aspects of so-

cial science research in particular, we 

ask how the researcher relates to the 

actors he studies, how his work is po-

litically relevant, and what kinds of 

research problems he deals with. Our 

use of the term is not to be confused 

with calls for reflexive analysis in an-

thropological and sociological litera-

ture, which demand that social scien-

tists make explicit their normative 

commitments by accounting for the 

funding they receive and how their 

work is mobilized, for instance.1 While 

such questions can be normatively and 

politically relevant, they are often 

asked with the aim of ensuring both 

the neutrality of the social scientist 

and the accuracy of his descriptions. 

Consequently, they fail to consider 

how representation and object of study 

are interdependent (Woolgar 1988). 

Nor do we propose continuous ques-

tioning of the social scientist’s position 

and interpretations to the extent that 

he becomes an ethnographer of his 

own involvement practice. While “con-

stitutive reflexivity,” as this kind of 

reflexivity is called (Woolgar 1988), can 

help to render explicit what social sci-

entists take for granted about their 

experiences and interpretative practic-

es, it provides them with little in the 

way of practical resources. We concur 

with Latour (1988a) that relentless 

probing of one’s own interpretations, 

knowledges and positions comes with 

the risk of being trapped in a “reflexivi-

ty loop” that restricts opportunities of 

becoming politically engaged. Thus, 

rather than disengaging from our re-

search in order to interpretatively ac-

count for it, we seek to develop a 

strong capacity for practical action, 

which is nonetheless steeped in reflec-

tion. 

In order to account for the different 

features of normativity that confront 

us, we distinguish three different 

modes of normative engagement that 

inform our researcher commitments: a 

process mode, a critical mode, and a 

mode inspired by Actor-Network Theo-

ry. Each of these modes constitutes a 

coherent expression of three dimen-

sions that define social scientific ac-

tivity: (1) the relationship of the social 

scientist with the actors he studies, (2) 

the political relevance of his work, and 

(3) the problem the social scientist 

                                                        

1 For anthropology, see e.g. (Clifford and 
Marcus 1986). In sociology, Bourdieu 
(1980) has called for “objectifying the ob-
jectification.” 
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deals with. Upon comparing our re-

sponses along each of these dimen-

sions, we contend that it is the ever-

changing and fluid interplay among 

modes that may fruitfully inform our 

future actions, as we shift between 

modes or deepen a particular approach 

with respect to a given context. In an 

attempt to offer ways to think about 

and handle the multiplicity of norma-

tive commitments, we propose the 

notion of experimental normativity, 

which we ground in classical pragma-

tism. More than a mode, experimental 

normativity is a pragmatic attitude 

towards engagement that implies sys-

tematic probing of the roles and con-

tributions social scientists assume 

throughout their engagements. As 

such, it is an attempt at empirical ex-

ploration of how the social scientist 

may articulate various normative posi-

tions or state claims vis-à-vis the ac-

tors he studies whilst he engages with 

them in ways that he believes are 

meaningful and responsible, and thus 

sufficiently reliable to inform his future 

actions.  

2 Two trajectories through partic-

ipation 

As our accounts suggest, public partic-

ipation in nanotechnologies is particu-

larly instructive to examine and rethink 

social researchers’ roles and commit-

ments, as these technologies are still 

at an early, undetermined stage of de-

velopment. Hence, they open a space 

for collective exploration and enact-

ment, which implicates diverse actors 

(citizens, scientists, and social re-

searchers) and topics (ranging from 

safety and risk concerns to governance 

issues) in unprecedented ways. In the 

two cases described in this article, 

collective exploration is made possible 

by means of formal, well-structured 

group dialogue, such as a citizens’ 

panel or a “Nanoforum” involving in-

novation actors and societal groups. 

The two cases also have in common 

that participatory initiatives often re-

ceive financial support from state bod-

ies, or are at the very least lauded by 

policy makers in Flanders and France, 

respectively, as a means of furthering 

socially responsible innovation. Yet, 

despite this shared public endorse-

ment of participatory mechanisms and 

despite significant overlap as to whom 

these mechanisms engage and how 

they are structured along participatory 

lines of inquiry, different problems and 

challenges surface in the interactions 

between participants and different 

kinds of discussion ensue. Accordingly, 

our responses as social scientists to 

the situations we encounter differ, and 

in fact lead us to ponder the kinds of 

questions participants are asked in the 

first place, to which ends they are 

asked these questions, and whether 

and how we can develop other fram-

ings of the issues, questions, and rela-

tionships at hand. 

2.1 Author 1: From process to critique 

I became involved in public participa-

tion in S&T as a social science re-

searcher to the Flemish participatory 

Technology Assessment (pTA) project 

“Nanotechnologies for Tomorrow’s 

Society” (NanoSoc). Although I had 

little knowledge of pTA at the time, I 

was intrigued by the idea of inviting 

outsiders to nanotechnology to partic-

ipate in its development and sympa-

thetic to the project’s aim of initiating 

dialogue events between scientists and 

publics (I was also looking for a job). 

Initially, I engaged in the project as an 

“observing participant”; i.e. as one of 

the social scientists who contributes 

directly to the endeavor by initiating 

participatory workshops, conducting 

interviews with experts, collecting and 

analyzing data, and writing up reports. 

In a later stage however, I switched to 

the role of “participant observer,” lead-

ing me first and foremost to observe 

and analyze actors’ interactions in the 

project without actively bringing in my 

own perspective. This was shortly after 

I obtained a research grant that per-

mitted me to do research more or less 

independently from NanoSoc. 
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My reasons for tentatively moving 

away from the project and the implica-

tions of doing so are elucidated below. 

Before turning to my experiences how-

ever, I should further qualify my un-

derstanding of “participant observer” 

as opposed to “observing participant,” 

as the duality between the two posi-

tions informs my commitments. Partic-

ipant observation, as I intend it, signi-

fies an inclination towards detached 

analysis that emphasizes observation 

rather than participation, albeit with-

out denying that the two are inextrica-

bly intertwined, as the observer cannot 

remove his observational traces. Simi-

larly, detachment does not imply that 

the researcher has no normative com-

mitments or social location; rather, it 

signifies an intention to a posture of 

non-alignment that brings “serious, 

sympathetic and critical attention to 

claims” as these are described into 

reality (Taves 2003). The distinction is 

an important one to make, as my in-

tention to restore a distance with par-

ticipants is largely at odds with the 

role many participatory approaches 

designate to the social scientist, par-

ticularly those that conceive of data 

generation and data interpretation as a 

joint enterprise to which all contribute 

through “co-operative inquiry” (Heron 

1996, Reason and Bradbury 2001). 

NanoSoc is but one of many pTA for-

mats that draw on this cooperative, 

action-oriented research paradigm. 

The language of “co-construction” that 

it speaks suggests that each actor has 

a stake in shaping technology and that 

everyone may be engaged in its craft-

ing through a process of mutual learn-

ing. This also includes the social scien-

tist, who is attributed the multiple re-

sponsibilities of initiating, facilitating, 

and analyzing participatory processes 

towards “socially robust” outcomes 

(Goorden et al. 2008a). Yet, one of the 

most obstinate problems I have faced 

is precisely how to combine these dif-

ferent roles, especially in instances 

where they tend to rule each other out. 

Hence, I have sought to come to terms 

with the methodological, political, and 

relational struggles I have experienced 

through the language of co-

construction and questioned the feasi-

bility of aligning initiation, facilitation, 

and analysis. 

Questioning the smart environment 

In 2007, social scientists in NanoSoc 

initiated a three-round Delphi study to 

which nanoscientists, “social experts,”2 

and citizens were asked to contribute 

short stories on the future of a smart 

environment with nanotechnologies. 

The aim of the study was to incite re-

flection on potential futures with 

“nano” in Flanders, taking partici-

pants’ visions and expectations as a 

starting point. Social scientists initiat-

ed and facilitated the rounds and also 

analyzed participants’ contributions by 

drawing out recurrent themes in the 

stories, assessed which actors and 

institutions were attributed which re-

sponsibilities, etc., but did not contrib-

ute narratives themselves. What struck 

me was how the vast majority of con-

tributions depicted technology users 

as highly autonomous and responsible 

consumers who are free to choose. 

Respondents envisaged consumers 

using smart gadgets such as intelligent 

fridges, “personal digital assistants,” 

intelligent underwear, and electronic 

labels on luggage in order to save 

themselves time, money, and frustra-

tion. Questions as to what causes time 

stress and frustration and how tech-

nology may incite anxiety were over-

looked. Hence, I raised these questions 

in a popular science magazine editorial 

(Van Oudheusden 2007). 

My urge here was to unearth assump-

tions about human needs and psy-

chology that are built into actors’ 

views on technologies, as well as to 

bring in voices not easily heard that 

                                                        

2 This category comprised social scientists 
from other departments and universities 
than ours, scientists in the liberal arts, in 
philosophy and the humanities, and vari-
ous types of professions, such as journal-
ists, politicians, and contemporary artists. 
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question common sociotechnical 

presentations. I saw a role for the so-

cial scientist in discerning forms of 

critique not readily provided and that 

were therefore not taken into account. 

As such, I also implicitly questioned 

the disposition of the social scientist in 

NanoSoc towards facilitation and anal-

ysis rather than (direct) engagement. 

In a report that followed the Delphi 

study, I argued that we were to give 

more consideration to questions about 

assumptions, norms, and expectations 

in the ensuing phases of the project, 

specifically given the aim of interactive 

TA (as I labeled the project at that 

time) of “moving beyond self-

containing perspectives and recursive 

practices that characterize a certain 

policy field or technology domain” 

(Loeber 2004) (Van Oudheusden et al. 

2007). 

Principlism versus narrative ethics 

To some extent, deeper issues about 

the smart environment surfaced in the 

following NanoSoc phase, which con-

sisted of three citizens’ panels of fif-

teen participants each.3 Panelists were 

asked to reflect on the nanotechnology 

futures that emerged in the first Na-

noSoc round, with the aim of inciting 

debate about potential developments, 

whether positive or negative. To make 

the workshop as concrete as possible, 

the NanoSoc research team had se-

lected two scenes from the “nanofu-

tures” in advance. These scenes were 

acted out by a professional actor and 

by participants themselves through 

role-playing. Questions laid out to the 

panelists included the following: How 

do the future worlds enacted in these 

plays differ from the ways in which you 

live and work today? How are they 

similar? What role does technology 

play in these future worlds? Which 

values are at play in these future 

worlds? Hence, the aim of the citizens’ 

panels was to engage citizens in fictive 

                                                        

3 Criteria for selection included gender, 
age, socioeconomic status, work and edu-
cational background. 

worlds to make explicit the values de-

picted therein and to have participants 

reflect on the changing nature of val-

ues over time. 

Shortly after the panel workshops, an 

issue of contention arose between 

social scientists as to how to analyze 

participants’ contributions. As the aim 

was to draw out citizens’ values in 

relation to nanotechnologies, a discus-

sion ensued on whether to adopt a 

“principlist” approach, which assumes 

that four overarching principles are 

central to moral life and which organ-

izes all values in relation to those prin-

ciples, or a narrative ethics, which 

stresses the relational and communi-

cative dimensions of moral situations 

(McCarthy 2003).4 

As with the Delphi study, I felt more 

inclined towards exploring citizens’ 

argumentations and challenging their 

views and norms, rather than attempt-

ing to organize moral beliefs and 

commitments according to predeter-

mined principles. In a paper I wrote 

with a colleague shortly after this re-

search phase, I argued that a narrative 

approach would provide a richer ap-

preciation of citizen values, as it has 

the potential to reveal the framings 

that produce claims rather than only 

considering whether there is agree-

ment or disagreement between them. 

To give an example, participants in the 

citizens’ panel on smart environment 

defined the overarching principle of 

autonomy both as a value and a dis-

value, depending on the situation at 

hand. One respondent argued that our 

increasing dependency on technology 

enables us to act independently (i.e. as 

free agents), as well as disables us to 

make decisions consciously and will-

fully without reliance on technology. 

Another respondent suggested that 

technology drives our need to become 

autonomous. Yet, the social situated-

ness of autonomy/dependency and the 

                                                        

4 More specifically, social scientists in Na-
noSoc deployed an ethical matrix, adapted 
to nanotechnologies. 
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Table 1: A process mode of normative engagement 

Relationship of the social scientist with 
the actors he studies 

Co-researcher or co-practitioner 

Political relevance of social scientific 
work 

Elucidating processes that produce 
more robust sociotechnical systems 

What is the problem the social scientist 
deals with 

Evaluating process or design 
mechanisms 

 

extent to which it generates ambigu-

ous responses to technology, received 

scarce attention in the initial principlist 

organization of the data. 

Furthermore, principlism itself per-

forms certain assumptions of what a 

citizen is, makes a distinction between 

the social and the personal, and be-

tween the human and the technologi-

cal. While these distinctions may well 

be necessary for participants to make 

sense of nanotechnology, I felt they 

ought to be debated. So my aim was 

not simply to discern values as if these 

corresponded directly with the data 

citizens provided us with, but to reveal 

some of the process of gathering and 

analyzing data itself by showing that a 

principlist approach purifies away in-

structive nuances. However, I also 

wondered whether a participatory 

framework that seeks to instigate 

harmonious co-construction permits 

delving into potentially controversial 

issues and differences between partici-

pants. 

Disrupting participation: critical nor-

mativity 

One may discern from the examples 

above a principle of inquiry in Na-

noSoc that orients actors’ contribu-

tions towards common action and 

solutions (e.g. an assumed common 

morality). Like pTA formats in general, 

procedures in NanoSoc are normative-

ly grounded in a commitment to delib-

eration and consensus seeking (e.g. 

Sclove 1995, Hamlett 2003). More spe-

cifically, pTA formats seek to initiate a 

process of co-management (or co-

construction) of technology to which 

various actors contribute their views 

and concerns so that widely supported 

outcomes may be obtained. Within this 

perspective, instigating an inclusive, 

accountable, and transparent proce-

dure matters as much as, or more 

than, the technological outcomes 

themselves (Nahuis and Van Lente 

2008).5 

Hence, the political relevance of the 

social scientist in pTA lies in elucidat-

ing processes that meet these criteria, 

which he sees as a prerequisite to pro-

ducing more robust sociotechnical 

systems. The core problem he deals 

with is evaluating the processes or 

design mechanisms that produce sys-

tems on those terms, usually with the 

intention of transferring the acquired 

knowledge to other settings and con-

texts.6 Table 1 summarizes this process 

mode of normative engagement. 

Without denying the importance of 

devising more inclusive procedures for 

sociotechnical decision-making, my 
                                                        

5 This emphasis on procedure does not 
imply that the substantive results of TA 
practice are irrelevant. Schot (2001) for 
instance argues that Constructive TA (CTA), 
which is linked to pTA, “is based on the 
assumption that CTA practices will eventu-
ally … produce outcomes more widely 
acceptable, with fewer adverse effects.” 
Nonetheless, pTA formats foreground the 
interaction between actors and the mutual 
exchange of viewpoints. 
6 In NanoSoc, the attempt to transfer pro-
cedural knowledge is implied in its mis-
sion: “The main objective of the research 
project Nanotechnologies for tomorrow’s 
society (NanoSoc) is to develop and try out 
an interactive process as a methodology in 
support of (nano)scientists and technolo-
gists when trying to incorporate societal 
expectations and issues as regards strate-
gic research decision making” (Goorden et 
al. 2008b). 
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Table 2: A critical mode of normative engagement 

Relationship of the social scientist with 
the actors he studies 

Critical distance (detachment)  

Political relevance of social scientific 
work 

Disrupting disciplines so as to open up  
spaces for alternative configurations 

What is the problem the social scientist 
deals with 

Providing criticism based on an 
interrogation of received views and 
commitments 

 

experiences in NanoSoc lead me to say 

that a firm commitment to co-inquiry 

has far-reaching political and episte-

mological implications that remain 

unaccounted for. For one, “pTA re-

searchers may be too preoccupied with 

accommodating various perspectives 

into a shared framework of action (...), 

thence leaving alternative and new 

understandings of notions unexplored” 

(Van Oudheusden 2011). In the first 

example above, dominant notions of 

smart environment remained unchal-

lenged in the interactions between 

participants. Moreover, when all actors 

are involved in decisions about content 

and method, as the co-inquiry para-

digm in its fullest form insists, critical 

questions as to whose assumptions 

define the smart environment and how 

it is deliberatively established remain 

not just to be answered, but need first 

to be recognized as significant. Com-

plementary to this political argument, 

one could argue that a critical assess-

ment of actors’ assumptions is a nec-

essary (albeit far from sufficient) con-

dition to incite a collective learning 

dynamic, as it requires actors to rec-

ognize and articulate their interests, 

concerns, and identities in view of 

competing understandings, possibly 

even moving them to revise their as-

sumptions in the process (Wilhelmson 

2002, Rip 1986). Lastly, one may ques-

tion the disposition of the social scien-

tist in NanoSoc in that he inevitably 

does set himself apart from partici-

pants, not just by abstaining from de-

bate in participatory events (as in the 

Delphi exercise), but also upon design-

ing the project’s data-gathering meth-

ods and extracting interpretations 

through them. My contention here is 

not that this disconnection sits uneasi-

ly with the principle of inclusiveness 

that is central to co-inquiry as such, 

but that it brings problems of owner-

ship, control, and power that remain 

unaddressed if the distinction is not 

acknowledged. 

The ramifications and inconsistencies I 

discern in the participatory approach 

explain my shift towards a critical 

mode of normative engagement that 

interrogates the assumptions, proce-

dures, and techniques that sustain 

NanoSoc and pTA at large, and that is 

more detached than participatory in 

character. Interrogation, as I see it, 

may be achieved by setting up contra-

dictions (principlism versus narrative 

ethics) and creating differences 

(searching for differentiation rather 

than agreement) that disrupt conven-

tions, codes, and principles. At best, 

critical analyses of this type produce 

translations between different registers 

that allow interruptions to the norm, 

for instance by taking the form of a 

principlist value assessment that is 

reflectively considerate of the discrim-

inating work it necessarily performs, 

and to some degree even inclines to-

wards narrative ethics. Hence, these 

interruptions may generate alterna-

tives alongside dominant practices. 

They become discourses that do not 

favor one account over another, but 

open up the possibility of difference.  

The critical mode I have sketched out 

is summarized in table 2. Although it is 

not new in terms of the methodologies 

it deploys and the normative commit-

ments it implies (in both respects it 

draws on the writings of Foucault and 

certain strands of STS itself; see e.g. 

Law 2004, Stirling 2008), I would argue 

that it remains to be fully enacted in 

relation to pTA practices and tech-
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niques. In the case of NanoSoc my 

interventions have incited debate 

among social scientists on questions 

of method and data gathering, on the 

relationships between project initiators 

and other parties, as well as on how to 

imagine and articulate the desired 

ends of the project. One nanotechnol-

ogist has repeatedly debated these 

questions with me as well, suggesting 

that in the interest of collaboration 

more time should be devoted to dis-

cussing with all participants the vari-

ous theoretical frameworks and opera-

tional terms upon which a pTA rests. 

It is important to recognize that the 

process mode and critical mode enact 

different concerns and interests that 

are by their very character difficult to 

draw together (e.g. the first is distinc-

tively problem oriented, whereas the 

second values critique of modes and 

actions). It is therefore probably inevi-

table that deconstructing participation 

in the manners described weighs on 

my relationships with colleagues and 

with project participants who assume 

shared problem definitions, or are ea-

ger to establish them in the interest of 

moving the project forward without 

delving into normative concerns. The 

bigger question to my mind, however, 

is whether and how the tensions and 

conflicts between social scientists and 

their “normativities” can somehow be 

productive. This point is addressed in 

the following section by way of other 

empirical examples, and picked up 

again in the conclusion. 

2.2 Author 2: Experimenting with me-

diation 

Over the past few years, I have been 

studying a French civil society organi-

zation by the name of Vivagora, which 

campaigns for the “democratization of 

science and technologies.” Created by 

science journalists in 2003, Vivagora 

has been particularly active in the field 

of nanotechnology. The association 

has organized public debates on nano-

technology, as well as intervened in 

public events organized or commis-

sioned by the French government. Due 

to its alignment with civil society and 

the expertise its members bring to the 

table, Vivagora is a relevant case to 

examine –one that opens a third mode 

of normative engagement.  

Vivagora’s initial initiatives included 

two series of public nanotechnology 

meetings (in Paris in 2005 and Greno-

ble in 2006). As my research focused 

on sociotechnical controversies and 

public participation, the organization 

quickly became one of my objects of 

study. In one of several papers, I de-

scribe how Vivagora articulates a vi-

sion of public participation that calls 

for the collective production of robust 

sociotechnical systems (Laurent 2007). 

Vivagora equally took an interest in my 

research and came to contact me on a 

more regular basis. However, as I 

gradually became more implicated in 

Vivagora activities, I was led to ques-

tion the nature of my engagement with 

the organization. I consider here some 

examples to illustrate different ways in 

which I negotiated relationships with 

Vivagora members, and thus the politi-

cal relevance of my work as a social 

scientist. 

Part of my research relates to the study 

of technological controversies in the 

field of ethics and the extent to which 

different forms of ethics produce dif-

ferent political arrangements. In a 

2010 article, I describe a pragmatist 

ethics that does not accept stabilized 

boundaries between a factual reality 

that can be assessed and values that 

are then mobilized to judge it norma-

tively (Laurent 2010). I argued that 

Vivagora articulates such a pragmatist 

ethics; a point the organization’s ad-

ministrator took note of and subse-

quently used to articulate her own 

position in a roundtable she was invit-

ed to. So in this instance, although the 

civil society organization was clearly 

an actor I was studying, my academic 

work enabled one of its members to 

more clearly state her position. My 

research thus contributed to “giving 
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voice,” so to speak, to one of the ac-

tors under study. 

Giving voice is a long-term concern of 

feminist studies that seek to expose 

the oppression of women in politics, 

science, art, etc. and do away with 

gender discrimination (Gorelick 1991). 

The use of this expression in terms of 

empowering dominated social groups 

has led to a somewhat romantic un-

derstanding of what it means (Rip 

2000). Yet my interactions with Vivago-

ra imply more than a desire to make 

heard the voices of those with fewer 

resources, be they financial, organiza-

tional, cognitive, etc. First, Vivagora 

does not need me to be heard – even if 

I occasionally manage to help the or-

ganization. Second, giving voice in this 

case is not just a matter of circulating 

existing positions that actors are sup-

posedly not aware of themselves, as 

another example may illustrate. The 

Citizen Alliance on Nanotechnology 

Issues (ACEN), which was launched in 

2010 following an initiative by Vivago-

ra, was expected to coordinate the 

work of several civil society organiza-

tions in nanotechnology and gather 

information about risk research and 

governance formats. As the project 

constituted an empirical site in the 

production of the public of nanotech-

nology, I professed my interest in 

ACEN in my conversations with Vi-

vagora members, who then called for 

my help as a “content expert” in the 

field of nanotechnology. As part of the 

work of the alliance was to gather in-

formation, content expertise amounted 

to advising what sort of information is 

to be acquired. The project could 

therefore be seen as an emerging col-

lective exploration: of the social to be 

enacted, of the identity of the civil so-

ciety organization itself, of my own 

position in the process, of what it 

means to have knowledge of nano-

technology. Giving voice here thus 

implies collective experimentation with 

the concerned actors. 

A third reason why giving voice, in the 

sense of empowering actors, is insuffi-

cient to account for my work with Vi-

vagora, is that the relationships are 

less one-way processes than constant 

interactions and adjustments, which 

require work from both sides. In some 

instances, these adjustments went 

smoothly so that empirical research 

and political involvement could come 

together in the same movement. A 

case in example is the Nanoforum, a 

participatory mechanism supported by 

the French Ministry of Health in which 

Vivagora also participated. In this in-

stance, I was asked to stand in the 

organizing committee on behalf of 

Vivagora when the administrator felt 

she needed someone to accompany 

her to meetings. I agreed to do so and 

explained to her that I wanted to con-

sider this site as an empirical object of 

study. Yet, in the course of my in-

volvement, I gradually engaged in dis-

cussions about potential topics for the 

forum. For instance, I insisted on polit-

ical instruments like nanoparticle la-

beling, as I believed such instruments 

to be good entry points through which 

pluralist political processes gain foot-

ing. In the somewhat informal organiz-

ing committee (in which other aca-

demics were also present and which 

did not have the rigid nature of a long-

standing administrative body) I could 

negotiate the specificities of my posi-

tion as both a member of Vivagora and 

as an academic and feel comfortable 

with the research setting I was a part 

of.7 Through my involvement, the fo-

rum evolved, as did Vivagora, which 

now focused less on organizing public 

meetings than on the collective moni-

toring of nanotech research. To give an 

example, in early 2010 Vivagora 

launched a project on collective exper-

tise, which drew in several civil society 

associations to jointly examine exist-

ing scientific literature and regulation 

on the use of nano titanium dioxide 

                                                        

7 I appear as co-author in a paper written 
by the members of the organizing commit-
tee of the Nanoforum (Dab et al. 2009). I 
also use this example in my academic 
work. 
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and nano silver coatings. Initiatives as 

these in turn shaped the research I 

was doing. In taking a more explicit 

interest in how participatory mecha-

nisms and devices are experimented 

with to answer complex, controversial 

or elusive public issues, I sought to 

answer how through experimentation 

“the citizen,” for instance, is redefined 

or potentially transformed. 

The relative ease with which I spoke 

with/for actors in Vivagora does not 

necessarily translate to other situa-

tions, however, especially when more 

traditional forms of representation are 

expected. Consider the following ex-

change between Vivagora’s adminis-

trator, M, and myself: 

M: We’re looking for someone to represent 
Vivagora at the meeting with DGCCRF (a 
French administrative office). 
L: I don’t know if I feel comfortable doing 
this… I don’t think I can advocate for Vi-
vagora’s positions. 
M: That’s always the problem with you 
academics… you know, we want to be in 
action. (...) You should take more responsi-
bility in the association. 
L: As I see it, I can contribute in my own 
way…8 

In this instance I refused to participate 

on the official terms set by the admin-

istrator. The example indicates that the 

nature of the relationship is perma-

nently at stake and needs to be ex-

plored through constant negotiations 

in which what is negotiated is itself in 

question. One can use the term “trial” 

here to describe the multiple situations 

in which uncertainty about the relative 

identities of the analyst and the actors 

is collectively explored (Latour 1988b). 

These relationships cannot be defined 

ex ante, as it is only through succes-

sive trials that they can be enacted. 

Hence, I cannot say in advance how I 

will position myself. 

Giving voice and negotiating a position 

In the work I do with Vivagora, giving 

voice is thus part of the job, in the 

                                                        

8 Phone conversation, October 16, 2008 
(my translation). 

sense that I believe my work contrib-

utes to making the actions of the or-

ganization more visible. As stated ear-

lier, making the work of actors visible 

is not just a matter of rendering explic-

it existing positions. Rather, it implies 

using my own repertoires to bring 

new, previously non-existent realities 

to life. 

To further elaborate this point, I turn 

to Actor-Network Theory (ANT). In an 

ANT perspective, enactment is a cen-

tral issue and concern to the sociolo-

gist. Callon uses the example of his 

work with the Association Française 

contre les Myopathies (AFM) to 

demonstrate how his involvement con-

tributed to the organizational evolu-

tion of the AFM through its explicit 

recognition that it could make a rele-

vant contribution to scientific research 

(Callon 1999). As this example indi-

cates, the nature of the social scientific 

contribution is to be found in the col-

lective formation of social and tech-

nical identities, which entails articulat-

ing social identities not previously 

considered or clearly formulated be-

forehand, as well as participating in 

the construction of sociotechnical 

concerns (e.g. genetic treatment of a 

rare disease). The social scientist is 

attached to specific actors in this pro-

cess, through which he enacts the so-

cial (Law and Urry 2004) and produces 

his own subjectivity (Gomart and Hen-

nion 1998). He contributes to the sta-

bilization of heterogeneous arrange-

ments, which consist of political com-

mitments (e.g. the definition of a pub-

lic concern), value judgments (e.g. the 

choice to mobilize for a particular is-

sue), and material devices (e.g. the 

layout of a participatory format). The 

collective exploration in my study of 

Vivagora and my interactions with the 

organization can be described as an 

ongoing process of enactment: both 

the members of Vivagora and I experi-

ment with our social identities. Con-

cretely, enactment comes about 

through the organization of participa-

tory activities such as the Nanoforum, 
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Table 3: An ANT derived mode of normative engagement 

Relationship of the social scientist with 
the actors he studies 

A mediator successively attached and 
detached  

Political relevance of social scientific 
work 

Making associations visible, thereby 
enacting them 

What is the problem the social scientist 
deals with 

Choosing emerging associations to 
study 

 

and mutual attempts to transform so-

ciotechnical concerns (such as nano-

particle labeling) into public issues. 

Practicing sociology then, is consid-

ered both a methodology for the social 

scientist and a form of action in the 

world that is always relational and 

process-oriented. Callon (1999), for 

instance, speaks of successive attach-

ments and detachments to describe his 

work with actors, thus implying that 

there is not one, fixed relationship 

between the researcher and his re-

search subjects. On the contrary, mo-

ments of proximity should alternate 

with distancing episodes. Yet, articu-

lating attachments and detachments is 

clearly not easy or straightforward. My 

own experience with Vivagora demon-

strates some of the difficulties it en-

tails. The dialogue quoted above can 

be read as an example where my at-

tempt to detach myself from certain 

actors is met with reluctance on both 

sides, as I am pressured into an en-

gagement that I do not believe in or 

wish to advocate. It demonstrates that 

remaining attached and detached re-

quires permanent adjustments with 

the actors in question and has to be 

tested and made more robust each 

time it is subjected to trials. 

In this perspective, the difference the 

social scientist seeks to make in the 

world is interwoven with the forms of 

the links with the actors he studies. In 

the process of enacting associations, 

social scientists ideally act as media-

tors between different worlds. Contrary 

to intermediaries, mediators transform 

the social while they circulate among 

actors (Latour 2005: 39). The meth-

odological position of the mediator as 

described by ANT goes with individual 

choices the social scientist makes as 

an academic researcher. His choices 

lead him to follow certain associations 

rather than others, providing resources 

to certain actors (those he studies), as 

much as they provide resources to him 

(Callon 1999). 

An ANT derived mode of normative 

engagement 

One can thus identify a mode of nor-

mative engagement derived from ANT, 

which appears relevant to account for 

some of the interactions with the ac-

tors I study and the form of normativi-

ty I articulate. The political relevance 

of this mode is to be found in the pro-

cess of making associations visible and 

explicit, in ways that also render visi-

ble to the world his own descriptions 

and analyses. The problem the scholar 

addresses is which association he 

wants to study, and thereby enact. In 

this mode, the social scientist acts as a 

successively attached and detached 

mediator. Table 3 summarizes the 

mode of normative engagement as 

derived from ANT. 

As my above experiences in the field of 

nanotechnologies suggest, it is not 

clear what the issues are and how they 

are to be dealt with, or what the roles 

are of social movements like Vivagora 

and those of researchers like me. 

Clearly, while public participation in 

nanotechnologies is still in the mak-

ing, there is room for exploration and 

collective enactment. Accordingly, as it 

is at times difficult to ensure the nec-

essary openness in the relationships 

with the actors under study, there is a 

need to refine understandings of ex-

perimentation, enactment, and media-

tion based on everyday practice and 

struggles with normativity.  



Van Oudheusden/Laurent: Shifting and Deepening Engagements  

 

 

15 

Accounting for trajectories across 

modes 

Based on our experiences as social 

scientists with participation in S&T, we 

encountered a process mode, a critical 

mode, and an ANT-derived mode. Alt-

hough these modes are prominent in 

our research field, we do not contend 

to have described the entire landscape 

of normative positions. Rather, we 

have sought to account for a variety of 

positions the social scientist adopts 

when he circulates among the actors 

he studies or “moves about” (Rip 

2000). 

The two previous cases therefore de-

scribe trajectories, which the social 

scientist enacts. In the first example, 

the analyst is involved in a participa-

tory project to which he adopts a mode 

of normative engagement based on 

knowledge he acquires in the process. 

He shifts to a critical mode that allows 

him to make explicit issues not articu-

lated by the involved actors, specifical-

ly the politics embedded in the con-

duct of a pTA exercise. The second 

example illustrates the continuous 

adjustment and negotiation that is 

needed to articulate a position that 

“gives voice” and at the same time 

contributes to enacting the social. We 

believe it is important to account for 

these processes of trajectory making to 

enable a better understanding of the 

theoretical value of the position of 

social scientist, as well as the political 

relevance of his work.  

3 Experimental normativity 

In Reconstruction in philosophy, Dew-

ey (1920: 28-53) develops his analogy 

between the natural sciences and the 

human sciences. He argues that the 

natural sciences have learned to go 

beyond the hierarchy that privileges 

contemplative knowledge over practi-

cal knowledge. Scientists, argues Dew-

ey, do not passively observe nature to 

see if their ideas correspond to reality. 

Rather, they engage in an active exper-

imental process by controlling condi-

tions and manipulating the environ-

ment to test hypotheses and solve re-

al-life problems. With this view as his 

starting point, Dewey argues that the 

human sciences can gain relevant 

knowledge of the social by testing ide-

as and intuitions and also revising 

them in the light of new experiences, 

thus enabling humans and their envi-

ronments to continuously adjust to 

one another. He proposes an experi-

mental ethics that refuses general per-

spectives based on theoretical certain-

ties, instead advocating an ethics in 

“which the needs and conditions, the 

obstacles and resources, of situations 

are scrutinized in detail” (Dewey, 1920: 

174). Dewey’s position is close to 

James’s, for whom “ethical science 

just, like physical science, and instead 

of being deducible all at once from 

abstract principles, must simply bide 

its time, and be ready to revise its con-

clusions from day to day” (James 1897: 

208). 

Research in ethics, then, is research 

about methodologies and generating 

“effective methods of inquiry” (Dewey 

1920: 170). These methods produce 

knowledge about the world, as well as 

enable researchers to deal with situa-

tions that are potentially problematic 

for scholars and non-scholars alike. 

Dewey thus refuses the dualist per-

spective that separates a supposedly 

theoretical position from a politically 

relevant one, as it is through the inter-

vention of the object under study that 

an “amelioration” of the current situa-

tion can be reached. In fact, plans for 

improvement have to be worked out; a 

point to which we turn shortly. 

In further developing his experimental 

ethics, Dewey grounds research in-

quiry in experience, which for him en-

compasses both intellectual reflection 

and practical intervention. To convey 

this connectedness between reflection 

and action, he describes experience as 

“double-barreled” in that “it recogniz-

es in its primary integrity no division 

between act and material, subject and 

object, but contains them both in an 
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unanalyzed totality” (Dewey 1958: 8). 

Accordingly, experimental ethics refus-

es rigid categorizations and a priori 

dichotomies (subject/object, insid-

er/outsider, description/intervention) 

in so far that these arbitrarily reduce a 

set of multiple possibilities to one or 

two outcomes that are removed from 

actual human experience. For Dewey, 

philosophical intervention is thus best 

understood as an experimental pro-

cess rather than as a mobilization of a 

set of ready-made instruments. While 

the conclusions it produces can be 

more or less stable, these are always 

“liable to modification in the course of 

future experience” (James 1897: vii). 

In short, for pragmatists like Dewey 

and James, experience is a source for 

the constitution of knowledge and the 

construction of the social (Dewey 

1958, Dewey 1988). It is embodied in a 

process that gradually stabilizes reali-

ties, allowing once again for human 

action to proceed. The analogy with 

natural science is useful. For one, 

Dewey and James insist on the practi-

cal character of intervention in the 

human sciences, including ethics. Sec-

ond, pragmatism does not conceive of 

truth as a stable property, but sees it 

as a process through which a reality 

acquires validity (James 1978). Science 

studies, in turn, have demonstrated 

that scientific knowledge is based on 

successive trials (Latour 1988b). The 

notion of trial is also useful to account 

for the stabilization of the criteria that 

define what is morally good or bad 

(Boltanski and Thévenot 1991). Upon 

drawing together these lines of 

thought, experience emerges as a con-

stituent part of the processes that sta-

bilize technical and social realities. 

These processes, which comprise ma-

terial and moral trials, can therefore be 

labeled experimental. 

3.1 Reflection-in-action 

Upon considering our own research in 

the light of classical pragmatism, both 

James and Dewey direct our attention 

to the processes we engage in as re-

searchers of public participation. In 

insisting on the experimental character 

of these processes, and on the under-

standing that analysis and political 

intervention intertwine, they urge us 

not just to account for our research 

trajectories, but also to take seriously 

the challenge of defining the different 

forms under which intervention is pos-

sible. As our experiences with partici-

pation suggest, a variety of such forms 

are possible. For instance, the analyst 

may be too close to the actors he stud-

ies and may therefore want to restore 

a distance. Such action results from 

constant work and adjustments with 

the actors we study and cannot be 

described in terms of an epistemologi-

cal distance between the subject and 

the object of his inquiry. Instead, one 

has to consider a plurality of modes of 

engagement across which the analyst 

circulates.  

Accordingly, through experimentation 

the social scientist instigates relatively 

stable arrangements with the human 

and non-human actors he studies and 

works with, albeit in ways that lead to 

different answers for the researchers 

involved, as there is no unique way to 

“be normative.” Rather than choosing 

from a list of existing modes of norma-

tive engagement, the research process 

leads the social scientist to articulate 

specific modes that are more or less 

stable, in the sense that they allow him 

to both account for his empirical ex-

ploration, and take into account his 

expectations vis-à-vis those of the ac-

tors he studies. 

In this article the two empirical exam-

ples typified modes of normative en-

gagement that help characterize the 

type of intervention we see fit for our 

own case. They were not given to us in 

advance. Nor will they remain fixed or 

stagnant, but develop according to the 

particulars of situation. Accounting for 

these evolutions is part of the research 

process, and implies that we include in 

our future descriptions explanations as 

to how relationships were established, 

roles assumed and alliances devel-
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oped, as well as pinpoint the effects of 

our interventions on the actors and 

processes we engage with. 

Experimental normativity then, is the 

work that is needed to articulate for 

ourselves modes of normative en-

gagement based on continuous “re-

flection-in-action” (Schön 1987). We 

stress that reflection and action are 

interdependent to clarify a key differ-

ence between experimental normativi-

ty and “constitutive reflexivity” pre-

sented at the outset of this article. 

While the latter requires that the ana-

lyst detaches from himself and from 

his actions in order to identify what his 

underlying presuppositions and values 

are, we contend that values and rela-

tionships are constructed with the 

actors under modalities that are not 

given beforehand but need to be con-

tinually accounted for in the research 

process.9 

3.2 Against relativism 

Does our grounding of normativity in 

experimentation leave us with an ex-

treme relativism that consents to any 

form of intervention? Dewey sees ame-

lioration of the present situation as 

one of the aims of any work in ethics, 

yet he does not further develop the 

notion in Reconstruction in philosophy. 

For our purposes, we again invoke the 

concept of trial. Although it is conceiv-

able that certain modes of normative 

engagement incite instability, we em-

phasize that neither the type of rela-

tionship, nor the distance between 

analyst and research subjects, is a pre, 

but has to be experimented with in 

practice. This means that the analyst’s 

commitments and values (for instance, 

a desire to democratize technology) 

are not fixed, but constructed in a pro-

                                                        

9 To further clarify this difference: the re-
flexivity answer would imply that the ana-
lyst isolates punctual decisions and weighs 
the pros and cons of a given form of en-
gagement, while experimental normativity 
seeks to account for the continuous pro-
duction of particular forms of arrange-
ments. 

cess that simultaneously produces 

knowledge and normative engage-

ment. Seen in this way, the research-

er’s individual responsibility extends to 

the kinds of relations he manages with 

actors and to how he accounts in epis-

temological and normative terms for 

the particularities of his situation. Tri-

als thus lead to question more than 

relationships with individuals: they are 

“problematic situations,” as Dewey 

would say, in which public issues and 

social identities are interrogated at 

once, rather than separately. 

A second reason to distinguish exper-

imental normativity from relativism is 

that we conceive of knowledge accu-

mulation as learning processes. Revis-

ing the conclusions from day to day, as 

is necessary with experimental norma-

tivity, does not mean that research 

happens in a state of permanent insta-

bility. The two trajectories we de-

scribed are processes in which the 

analyst gradually learns about the ob-

ject he studies and acquires a social 

understanding of his relationships with 

involved actors. Hence, learning occurs 

about the situation the analyst studies 

and the type of normativity he articu-

lates. In addition, from the viewpoint 

of experimental normativity, learning 

again occurs through trials: of our 

relationships with the actors we study, 

of our positions with regards to our 

colleagues. Such knowledge accumu-

lation supposes that it is both possible 

and necessary to experiment, that the 

researcher accepts to put himself at 

risk. The notion of trial also suggests 

that learning is not necessarily a col-

laborative or harmonious enterprise, 

as the relationships between actors are 

not given from the start and often 

evoke resistance to social scientific 

intervention (Callon and Rabeharisoa 

2004, Vikkelsø 2007). In fact, learning 

may well agonize relations between 

actors (temporarily or even more per-

manently), for instance when the ana-

lyst distances himself from a certain 

kind of participation (trajectory 1) or 

refutes commitments that other actors 
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confer upon him (trajectory 2). Hence, 

experimental normativity is not about 

making purely subjective choices, but 

about ensuring the stability of a par-

ticular arrangement between the ana-

lyst and the actors he studies. As the 

two examples show, stability is not a 

permanent feature. As he faces new 

demands from the actors he studies, or 

attempts to articulate an explicitly crit-

ical stance, the social scientist may be 

led to enact other modes of normative 

engagement. “Stability” thus denotes 

an arrangement that is sufficiently 

reliable to inform our future actions. 

Having terminated a sequence of in-

quiry, we depend on “evidence already 

marshaled and constructive work al-

ready done” to experiment anew 

(Hickman 2009: 147). 

3.3 The political value of experimental 

normativity 

It should be clear from the emphasis 

we place on ongoing reflection-in-

action, flexibility, and the open-

endedness of social scientific engage-

ment that experimental normativity 

conveys the significance and useful-

ness of ambivalence in experimenta-

tion; that is, of situations where the 

social scientist has the possibility to 

navigate across different modes of 

normative engagement. In the two 

cases described in this article, the re-

searcher is caught up in existing ex-

pectations and forms of action, as we 

are both invited to engage as insiders 

on terms set by participation initiators, 

or assume a more descriptive role as 

outsiders. While the extent to which it 

is possible for us to work around these 

expectations (or even decline them) 

differs, our experimentations with 

normativity each suggest ways of mov-

ing beyond this implied insid-

er/outsider dichotomy and of thinking 

through individual and collective iden-

tities.  

Consequently, although we recognize 

the plurality of modes and their poten-

tially conflicting nature (as well as po-

tential overlaps between them), we 

first and foremost stress the need to 

explore with actors the types of en-

gagement that demand articulation in 

a given situation without prescribing 

which mode is more appropriate. Ex-

perimental normativity should be dis-

tinguished from a meta-mode that 

provides tools and rules for the man-

agement of the analyst’s normative 

engagement. It is best understood as 

an attitude that seeks to multiply ex-

periments, thereby displaying the nor-

mative modes at play and proposing 

new forms of arrangements with the 

actors in question. While experimental 

normativity does not provide a ra-

tionale to guide the social scientist in 

every circumstance, it does insist on 

the connections that he can draw be-

tween different empirical sites. Upon 

drawing these connections the social 

scientist can shape alternative forms of 

political action.  

What should be avoided is the a priori 

establishment of a distance between 

the analyst and the actors he studies. 

Rather, the social scientist must attend 

to the multiplicity of distances and 

critiques that arise from the particular-

ities of a problematic situation. As 

such, critique, whether distanced or of 

a more intimate kind, exemplifies a 

“mode of responding” to the concrete 

activities and challenges that emerge 

in research practice (Zuiderent-Jerak 

and Jensen 2007). It also recognizes 

the deeply political dimension of the 

engagement process: through negotia-

tions a relatively stable mode of nor-

mative engagement may emerge, 

which encapsulates the various roles 

and identities that both the analyst and 

the actors he studies assume in a par-

ticular situation. It is therefore crucial 

that the experimentalist in normativity 

is able to connect different sites and, 

through his scholarly production, shed 

light on multiple modalities, for in-

stance in the realm of public discus-

sions of science. And although these 

acts of connecting and describing may 

in some cases hold claims that are 

similar to the rationales that underpin 
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public participation in the first place 

(e.g. through the notions of collective 

experimentation and social learning 

encountered in pTA), the value of his 

social scientific work and significance 

of his political intervention lies in his 

capacity to account for this multiplici-

ty, as well as to decisively move across 

various modes of normative engage-

ment as he meets challenges on the 

way. 

4 Conclusion 

This article describes various forms of 

normative engagement the social sci-

entist enacts in public participation in 

science and technology. It discerns a 

process mode, a critical mode, and an 

Actor Network Theory inspired form of 

engagement, which we extract from 

our experiences as social scientists 

with public participation in nanotech-

nologies. With the aim of accounting 

for our normative commitments in 

research practice, we propose an ex-

perimental approach that negotiates 

between the various normativity reper-

toires starting from the particularities 

of our situations. Hence, we seek to 

come to grips with the issue of how 

the social scientist is to interact with 

the actors he studies, given the norma-

tive questions that arise through his 

engagements. Taking inspiration from 

classical pragmatists, we argue that 

these questions cannot be answered in 

the abstract, but require that the social 

researcher empirically explores his 

potential roles and contributions in a 

given setting and continuously ac-

counts for his experiments. 

We ground our normative reflections 

in our experiences with participatory 

initiatives in nanotechnologies. The 

multiplicity and variety of participatory 

initiatives in “nano,” and the uncer-

tainties related to the construction of 

“nano” publics and objects, enable, 

and compel, us to describe different 

forms of scholarly involvement. While 

we do not claim to have mapped out 

all the forms of social research in-

volvement, we do believe our analysis 

elucidates a variety of participation 

postures and suggests their potential. 

If the social scientist intends to exper-

iment with mediation for instance, as 

from an ANT perspective, empirical 

explorations of the diverse translation 

processes through which he enacts the 

social will be of much interest to him. 

They will also be necessary to account 

for the scholarly and political rele-

vance of his work. Researchers in par-

ticipatory technology assessment may 

in turn consider “mediation” as a 

means of reflexively attending to the 

roles they assume, and do not assume, 

in participatory spaces. 

For scholars of reflexivity more gener-

ally, our experiences open a “window 

on the world” (Rip 2003: 361) as they 

enable a wider debate on the values 

and interests that inform social in-

quiry. In the context of public partici-

pation in science and technology, 

where the roles of academic scholars 

vis-à-vis non-academic researchers 

and practitioners are not clearly de-

marcated, our reflections may be of 

use in that they help specify the char-

acter of scholarly contributions to the 

field. This specificity consists in ac-

counting for actions (e.g. shifting and 

deepening engagements) and situa-

tions in epistemological and normative 

terms without therefore dismissing the 

political alignments of the actors we 

study. While in the cases described 

above some professionals disproved of 

how we each problematized participa-

tion in our respective contexts, we 

contend that the modes we outline in 

this article, and how one negotiates 

between them, can serve action-

oriented actors as resources. For one, 

public engagement inevitably implies a 

blurring of different roles in practice 

(as we have seen), which renders the 

conventional distinction between prac-

titioner and analyst simply untenable 

(see also: Chilvers 2012). Second, given 

the political-economic significance of 

nanotechnology research, there is a 

real risk that all social sciences are 
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trivialized or instrumentalized through, 

or despite, participatory processes. 

Practitioners, as well as analysts, must 

therefore consider what is at stake for 

them. Drawing out normative differ-

ences between actors, programs, and 

instruments can contribute to this aim 

of mutually informed positioning and 

articulation. At the very least, such 

articulation would render participatory 

social science more socially accounta-

ble and politically resilient, analogous 

to how social scientific interventions in 

technology can render “scientific cul-

tures more self-aware of their own 

taken-for-granted expectations, vi-

sions, and imaginations” (Macnaghten 

et al. 2005). More importantly, it can 

enable social researchers to reflectively 

readjust and reposition themselves in 

the face of real-world challenges and 

concerns. Even if readjustments of this 

kind may not appear feasible, for in-

stance because the social scientist is 

obliged to play a particular role, it 

would be naïve to assume that his dis-

position will go uncontested in prac-

tice. As Abels (2009) contends in an-

swer to the question What role for 

social scientists in participation?, so-

cial scientists can, and already do, ex-

periment with different commitments 

and orientations because they must. It 

would therefore be a mistake to leave 

the practical and political implications 

of their commitments unexamined and 

unaccounted for.  

That being said, and having touched 

upon the weighty issues of normativity 

and politics in research, it is important 

to be modest about what our analyses 

and reflections may achieve, particu-

larly as the situations we describe are 

still in the making. Secondly, as exper-

imental normativity underscores the 

multiplicity of modes of knowledge 

production and engagements, experi-

mentation need not, and should not, 

be limited to the individual researcher 

or to our cases. One can hope that for 

one scholar who organizes public dis-

cussions, there will be another one 

providing a critique of them. For one 

social scientist calling for institutional 

reflexivity (Wynne 1993), another one 

will propose empirically based exami-

nations of social scientists who engage 

with natural scientists on the lab floor 

(e.g. Fisher 2007). Thus, as we describe 

the interventions of social scientists in 

participatory activities in nanotechnol-

ogy, we welcome others to examine, 

engage with, and question our in-

volvement practices and the experi-

mentation with modes that we find 

compelling and seek to articulate. 
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1 Introduction 

 “Sal awakens; she smells coffee. A few 

minutes ago her alarm clock, alerted 

by her restless rolling before waking, 

had quietly asked, ‘Coffee?’ and she 

had mumbled, ‘Yes.’ ‘Yes’ and ‘no’ are 

the only words it knows. […] At break-

fast Sal reads the news. She still pre-

fers the paper form, as do most people. 

She spots an interesting quote from a 

columnist in the business section. She 

wipes her pen over the newspaper’s 

name, date, section and page number 

and then circles the quote. The pen 

sends a message to the paper, which 

transmits the quote to her office. Elec-

tronic mail arrives from the company 

that made her garage door opener. She 

had lost the instruction manual and 

asked them for help. They have sent 

her a new manual and also something 

unexpected – a way to find the old one. 

According to the note, she can press a 

code into the opener and the missing 

manual will find itself. In the garage, 

she tracks a beeping noise to where 

the oil-stained manual had fallen be-

hind some boxes. Sure enough, there 

is the tiny tab the manufacturer had 

affixed in the cover to try to avoid 

Email requests like her own. On the 

way to work Sal glances in the fore-

view mirror to check the traffic. […] 

Once Sal arrives at work, the foreview 

helps her find a parking spot quickly. 

As she walks into the building, the 

machines in her office prepare to log 

her in but do not complete the se-

quence until she actually enters her 

office. […] Sal picks up a tab and 

‘waves’ it to her friend Jo in the design 

group, with whom she has a joint as-

signment. They are sharing a virtual 

office for a few weeks. The sharing can 

take many forms – in this case, the two 

have given each other access to their 

location detectors and to each other’s 

screen contents and location. […] A 

blank tab on Sal’s desk beeps and dis-

plays the word ‘Joe’ on it. She picks it 

up and gestures with it toward her live 

board. Joe wants to discuss a docu-

ment with her; and now it shows up on 

the wall as she hears Joe’s voice: ‘I’ve 

been wrestling with this third para-

graph all morning; and it still has the 

wrong tone. Would you mind reading 

it?’” (Weiser 1991: 74f.) 

The preceding paragraph is neither 

part of a science fiction novel nor is its 

author a writer. In fact, it stems from a 

scientific article published in a major 

popular science magazine and its au-

thor is a scientist: Mark Weiser, at that 

time head of the Computer Science 

Laboratory at the Xerox Palo Alto Re-

search Center, presenting his research 

group’s ideas about a new and revolu-

tionary way of computing. Additionally, 

it is a rather significant article. It has 

become to be considered as the foun-

dational paper of a key future technol-

ogy, called “ubiquitous computing”, 

which has attracted a large amount of 

research money and research activities 

within the last decade. 

Imaginations of the future are essen-

tial for all future-directed activities. 

Without people thinking about how the 

future might or should differ from the 

present, innovations would never or 

only incidentally occur. The im-

portance of technological future con-

cepts for technology development and 

prospective technology assessment 

has become widely recognized in the 

relevant literature. However, there is a 

lack of secure knowledge about how 

technological future concepts influ-

ence innovation processes. This paper 

outlines a research program which 

addresses this research gap. Generally 

speaking, it is based on two sugges-

tions: (1) to study not only the techno-

logical visions, that is the general and 

far-reaching pictures of the future, but 

the more detailed ways to depict the 

technological future, such as the Sal 

scenario presented above, as well; (2) 

to take into account not only the social 

and rhetorical effects and uses of 

technological future concepts but their 

factual and epistemic effects and uses 

as well. 
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2 Visions: the future concepts of 

radical innovations 

Processes of technological innovation 

strive to bring about a reality, which 

for now exists only in imagination: the 

reality of future technology. Hence, 

innovation efforts rely on conceptions 

of the future. The future concepts of 

radical innovations are different from 

those that govern incremental innova-

tions. The different character of the 

respective conceptions of future tech-

nology distinguishes incremental from 

radical innovation. Incremental inno-

vations are efforts to improve and ad-

vance existing technology. Thus, in the 

case of incremental innovation the 

characteristics and features of the en-

visioned future technology are to a 

large part derived from the past: as 

solutions for the shortcomings and 

weaknesses existing technology has 

shown (cf. Rosenberg 1976: 125; Nel-

son/Winter 1977: 57; Dosi 1982: 152; 

Hughes 1987: 73f.). In this way, it is 

possible to arrive at detailed and high-

ly concrete conceptions of the techno-

logical future. To extrapolate future 

technology from past developments 

thus has the effect to narrow down the 

considered paths of technology devel-

opment (cf. David 1986; Arthur 1989).1 

In contrast, radical innovation is char-

acterized by discontinuity (cf. Free-

man/Perez 1988: 46; Van de Ven et al. 

1999: 63). Processes of radical innova-

tion aim at future technology (and/or 

future uses) for which the past and the 

present do not provide technological 

(and/or cultural) precursors that may 

serve as example. For this reason, the 

technological futures radical innova-

                                                        

1 The orientation of the semiconductor 
development at Moore’s law and related 
past development trends exemplifies this 
point. From these past developments the 
semiconductor industry derives detailed 
roadmaps for future research and devel-
opment. Cf. in particular the ITRS 
roadmaps (International Technology 
Roadmap for Semiconductors); 
www.itrs.net. 

tive activities try to bring about, cannot 

or only slightly be extrapolated from 

existing knowledge. Consequently, 

these future concepts typically are 

vague in their specifications of the 

technical features and the forms of use 

of the envisioned technology. It has 

become common use in technology-

related discourses to call future con-

cepts of this kind “visions”.2 Especially 

the fields of technology, which cur-

rently are (or lately have been) consid-

ered as key future technologies, are 

highly affected by visions. Often, the 

names of these technologies are al-

ready “vision statements”: Artificial 

intelligence, genetic engineering, nan-

otechnology, ubiquitous computing 

etc.  

3 Effects and uses of visions in the 

innovation process 

Previous research indicates that vi-

sions may have specific effects in in-

novation processes and specific uses 

in processes of technology assess-

ment. Research on technology devel-

opment analyses visions with respect 

to their empirically observable impact 

on innovative efforts. Research on 

technology assessment, rather, is in-

terested in possible uses of visions as 

tools for assessing and shaping tech-

nologies of the future. Above all, the 

literature highlights the following 

three aspects: 

3.1 Mobilizing and coordinating ac-

tors, interests, and resources 

Many studies confirm that visions act 

as a means of mobilizing and coordi-

nating innovation-related actors, in-

terests, and resources (cf. Dierkes et 

al. 1992: 100ff.; van Lente 1993: 93ff., 

125ff.; van Lente/Rip 1998b; Van de 

Ven et al. 1999: 30ff., 82f., 203; Bender 

                                                        

2 There are some similar terms in use in 
innovation research like „guiding vision“ 
(„Leitbild“), expectation structure“ or 
„promising technology“ which – including 
additional conceptual connotations – also 
denote future concepts of radical innova-
tions. 
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2005: 178ff.). Visions seem to have a 

specific “appeal” (Dierkes/Marz 1992: 

52) and rhetorical power (Rammert 

1994: 16f.; Schulz-Schaeffer 1996: 

118). Being “expectations of potential” 

(van Lente/Rip 1998b: 222) they attract 

and thereby mobilize actors to invest 

time, money and career chances in 

efforts to realize them.  

According to well-known considera-

tions from the Constructive Technolo-

gy Assessment approach, the mobiliz-

ing and coordinating effect relies on 

the “performative role” (Geels/Smit 

2000: 867. 882) of technological vi-

sions: “expectations are performative: 

they do something” (van Lente 2012: 

772). These authors argue that the 

promise of a “promising technology” 

(van Lente 1993) at first is not much 

more than rhetorics (cf. van Lente/Rip 

1998b: 224, 246). But it may give rise 

to a social dynamic “from rhetorics to 

social reality” (van Lente/Rip 1998b: 

221): Scientists, research funding insti-

tutions, and enterprises become at-

tracted by the vision’s promises. They 

bring their interests, competences, and 

preferences into play, and, on this 

ground, articulate their particular ex-

pectations with respect to the envi-

sioned technology. In this way the 

vision as a rhetorical entity triggers a 

social process of “mutual positioning” 

(ibid.: 224), a process in which “actors 

take up positions and make linkages” 

(ibid.: 235). Mutual positioning neces-

sarily implies that the expectations 

become more specific, allowing to de-

rive more specific requirements for the 

development of the new technology 

(followed by again more specific ex-

pectations, and so on). This leads to a 

process of agenda building, and what 

has been mainly rhetorics at first, 

more and more becomes social reality 

(cf. van Lente/Rip 1998a; van Lente/Rip 

1998b). 

Some authors hold that not only rhet-

orics is responsible for the mobilizing 

and coordinating effect of visions but 

that additionally an epistemic dimen-

sion should be taken into account. 

Especially the guiding vision (“Leit-

bild”) approach (cf. Dierkes et al. 1992) 

has stressed this aspect. The approach 

claims to explain the mobilizing and 

coordinating effect by the visions’ 

character as patterns of orientation. 

The argument goes as follows: by serv-

ing as commonly shared vanishing 

points of thought and action visions 

shape the perceptions and assess-

ments of the involved actors (cf. ibid.: 

45ff., 100ff.). By influencing the actors 

in such a way, the visions have the 

effect of coordinating actors and guid-

ing innovation-related decisions (cf. 

Marz/Dierkes 1992: 36f.). According to 

this strand of argument, decisions to 

pursue and to fund projects of tech-

nology development are influenced the 

more by visions, the less the result of 

the innovative activities can be antici-

pated. Thus, visions are of major influ-

ence especially in the case of radical 

innovations (cf. Dierkes 1993: 269).  

3.2 Guiding research and develop-

ment activities 

As discussed in the previous section, 

there is little doubt that visions do 

have an impact on initiating programs 

and projects of technology develop-

ment. A different question is whether 

visions act as patterns of orientation 

for the ongoing research and develop-

ment activities of innovation process-

es. This is a controversial matter. The 

guiding vision approach argues in fa-

vor of this assumption (cf. e.g. Dierkes 

1993: 268ff.). Referring to own histori-

cal reconstructive case studies, its 

proponents claim to have shown that 

visions influence the actual research 

and development activities of innova-

tors and thus do have an impact on the 

features of new technologies and on 

the paths of their development (cf. 

Marz/Dierkes 1994: 42ff.; Dierkes et al. 

1992: 59ff.). However, it is to be sus-

pected that this finding is an artifact of 

retrospective analysis (cf. Grunwald 

2004: 56), especially since other stud-

ies do not confirm such an immediate 

effect of visions on technology devel-

opment (cf. Rammert et al. 1998; Berk-
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hout et al. 2003: 12; Hellige 1996a: 

25f.). 

Yet, one should not easily dismiss the 

assumption that the content of techno-

logical future concepts exerts an influ-

ence on technological research and 

development. Social dynamics are not 

enough to explain how technological 

future concepts are transformed into 

research agendas. For the dynamic 

from rhetoric to social reality to occur, 

actors’ need clues to evaluate whether 

or not it is of interest to them to en-

gage in the development of the pro-

posed technology. At least to some 

extent they need to know which com-

petencies and resources might be use-

ful for realizing the vision, which aca-

demic or economic aims and ambi-

tions thereby might be pursued, etc. 

Otherwise, there is little reason why 

(and how) actors’ should position 

themselves within such an endeavor. 

Since these questions refer to the im-

agined reality of technological future 

concepts the clues for answering them 

are not to be found anywhere else than 

in these future concepts. Consequent-

ly, the factual content of technological 

future concepts should play a part in 

the process of mutual positioning and 

agenda building. In line with this ar-

gument, van Lente and Rip agree that 

visions are not purely rhetorical: „ex-

pectation statements contain a ‚script’, 

indicating promising lines of research 

and technical development to be un-

dertaken by the enunciator of the 

statement and/or by others. Thus they 

mobilize support in specific ways.“ 

(van Lente/Rip 1998a: 218) It thus 

seems plausible to assume that future 

concepts provide orientation in inno-

vation processes. Yet, this does not 

imply that visions have the capability 

to directly guide specific research and 

development activities (cf. Rammert 

1994; Rammert et al. 1998). 

3.3 Prospective technology assess-

ment 

Without sufficiently reliable assess-

ments of the societal (i.e. economic, 

political, legal, social, and cultural) 

and ecological risks and benefits of 

future technologies there is little 

chance of influencing innovative activi-

ties with the objective to advance de-

sirable technological developments 

and to discourage undesirable ones. In 

the case of radical innovations, the 

present knowledge about the future 

reality of the envisioned technology is 

more or less restricted to what can be 

derived from the future concepts. 

Thus, technology assessment in this 

case has little options but to refer to 

these concepts. Some authors take 

account of this fact by suggesting to 

develop methods for “guiding vision 

assessment” ("Leitbild-Assessment", cf. 

Dierkes 1991; Hellige 1996b) or “vision 

assessment” (Grunwald 2004; 

Grin/Grunwald 2000). The basic idea is 

to assess the technological future as 

envisioned by these future concepts, 

that is to assess the risks and benefits 

to be expected if the visions’ future 

would come true. 

The idea to employ visions as tool of 

prospective technology assessment 

plays an important part in the guiding 

vision approach (cf. Dierkes 1991; 

Dierkes 1993; Marz/Dierkes 1994). As 

mentioned before, the authors of this 

approach hold the view that visions 

are effective in guiding research and 

development activities. Accordingly, 

they assume that the future the re-

searchers and engineers are about to 

realize will be not too different from 

the future as pictured by these visions. 

Consequently, it makes sense to use 

the visions employed in innovative 

activities for assessing these activities’ 

future outcomes. Additionally, it be-

comes a promising idea to try to pro-

spectively shape technological change 

by shaping the visions to which the 

researchers and engineers refer to in 

their innovative activities. 

However, it has soon been criticized to 

be an exaggerated claim that by ana-

lyzing visions it would be possible to 

recognize the consequences of tech-

nologies while they are still under de-
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velopment (cf. Hellige 1993: 196; 

1996a: 29). Such a concept of prospec-

tive technology assessment underes-

timates the fact that innovation, and 

especially radical innovation, “involves 

uncertainty in an essential way” (Nel-

son/Winter 1977: 47), so that the “out-

comes of innovative efforts can hardly 

be known ex ante” (Dosi 1988: 222). 

Additionally, given the current state of 

research there is little support to the 

claim that visions exert an immediate 

influence on research and develop-

mental activities. As Grunwald states, 

„their promised use for shaping tech-

nology in a prospective sense […] has 

not been realised“ (Grunwald 2004: 56; 

cf. Grunwald 2002: 149f.). This opinion 

is shared by many other researchers 

(cf. e.g. Schot/Rip 1997: 260; Rammert 

1994: 16f.). 

Nevertheless, even the above-

mentioned critics do not entirely dis-

miss the idea of using future concepts 

as means for prospective technology 

assessment. Hellige suggests an atten-

uated version of vision assessment (cf. 

Hellige 1996a: 29). Following his line 

of argument, Grunwald proposes an 

elaborated concept of vision assess-

ment. The cornerstone of his argument 

is that technological future concepts 

because of their mobilizing effects ac-

tually influence innovative efforts (cf. 

Grunwald 2006: 69ff.; Grunwald 2004: 

57). For visions to play a part in inno-

vative efforts, it is not necessary that 

they are blueprints of future technolo-

gies, which they are not. It is enough 

that visions affect decisions concern-

ing the establishment and funding of 

innovative efforts. Vision assessment, 

then, is the task to analyze the visions’ 

influence on innovation-related deci-

sions and to evaluate whether this 

influence leads to decisions that are 

desirable from the point of view of 

society (cf. Grunwald 2009; Karafyllis 

2009; Ferrari et al. 2012).  

The idea to prospectively shape future 

technology by establishing visions of 

desirable techno-social futures re-

mains highly attractive as well – in 

spite of the above-mentioned objec-

tions. The technology policy approach 

of transition management may serve 

as an example. According to this ap-

proach, sustainability visions should 

be employed to formulate desirable 

objectives of technology development, 

such as “cleaner cars” or “clean coal”, 

from which policies to attain the vi-

sions’ goals systematically should be 

derived. „The long-term visions of sus-

tainability should be used as a guide to 

formulate programmes and policies 

and the setting of short-term and long-

term objectives.“ (Kemp/Rotmans 

2004: 147; cf. Kemp/Loorbach 2005). 

Here again it is implied that visions 

may not only rhetorically but also fac-

tually structure technology develop-

ment. 

4 Integrative capacity and lack of 

concreteness 

Several well-known concepts of tech-

nology assessment in one or another 

way adhere to the idea of employing 

visions as means of prospective tech-

nology assessment and of prospective 

shaping of technology. Given the ra-

ther discouraging performance visions 

according to many researchers have 

shown in this respect, this is quite re-

markable. Scholars adhere to this idea 

because if visions could be used in this 

way, a crucial problem of technology 

assessment could be solved: the prob-

lem of overcoming the „dichotomy 

between promotion and control of new 

technology“ (Rip 2002: 14; cf. Schot/ 

Rip 1997: 264). Most distinctly, the 

guiding vision approach embodies this 

hope. According to this approach, the 

visions on the one hand significantly 

govern technology development efforts 

(“Leitbildprägung”). On the other 

hand, they can be used to prospective-

ly control technology development by 

taking care that innovation processes 

are based on desirable visions (“Leit-

bildgestaltung”) (cf. Marz/Dierkes 

1994: 35). 

The main obstacle for using this inte-

grative potential of visions lies in the 
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fact that, though visions undoubtedly 

affect public and private decisions to 

engage in technology development, 

they do not provide pictures of the 

future detailed enough to guide specif-

ic research and development activities. 

Visions are rough sketches rather than 

detailed drawings of the technological 

future they focus on. They do not 

elaborate on the complexity of the 

future reality in sufficient detail to de-

termine definite steps for realizing this 

future. For the same reason they do 

not provide a sound basis for evaluat-

ing the risks and benefits of the envi-

sioned technological future. Thus, 

shaping technology by shaping visions 

does maybe work in the context of 

research and technology policy but not 

in the context of actual research and 

development activities. The question, 

then, is whether there are forms to 

express concepts of technological fu-

ture, which may compensate for the 

visions’ lack of concreteness. 

5 Scenarios: specified conceptions 

of technological future 

The scenario as a tool for future re-

search, from the outset has been a 

means of concretizing and specifying 

future concepts. Scenarios created for 

this purpose try to take into account a 

plurality of factors and circumstances, 

which might affect the reality of the 

future technology and its forms of use, 

in order to describe this possible fu-

ture as a complex of specified cause-

effect-relationships. Scenarios concre-

tize visions by focusing on the interde-

pendences that are (or might be) con-

stitutive for the actual reality of the 

envisioned future. This does not mean 

that scenarios are or that they could 

claim to be forecasts. Just as visions, 

they are not. Scenarios no more than 

visions provide a solution to the prob-

lem of fundamental uncertainty of in-

novative activities. Like visions, sce-

narios rely on assumptions about the 

future, which result at best from in-

formed guess. Rather, scenarios con-

cretize visions by spelling out the im-

plications of the visions’ assumptions. 

Scenarios exemplify how the envi-

sioned future actually might look like 

by specifying for certain situations the 

relevant entities and events involved, 

the relations and interactions between 

them, the relevant circumstances, and 

so on. According to Herman Kahn and 

Anthony J. Wiener, the pioneers of sce-

nario research, scenarios “are hypo-

thetical sequences of events construct-

ed for the purpose of focusing atten-

tion to causal processes and decision 

points” (Kahn/Wiener 1967: 6). In a 

more encompassing sense they con-

sider the scenario to be an “aid to 

thinking” (ibid.: 262) because the sce-

nario is a means to go ahead from the 

visions’ overall pictures of the future to 

descriptions of the specific reality of 

possible futures. 

For scenarios to become useful tools 

for describing hypothetic future reali-

ties in a most realistic and plausible 

way, the scholarly literature stresses 

the importance of the following quality 

criteria: First, scenarios should be 

credible (cf. Wilson 1978) and con-

sistent (cf. Godet 1986: 135). They 

should provide a coherent and con-

sistent picture and derive it plausibly 

from the underlying assumptions 

about the imagined future. Second, the 

scenarios should be exhaustive (cf. 

Steinmüller 2003: 15f.) or holistic (cf. 

ibid.: 7; Steinmüller 1997: 52), meaning 

that they should include all the aspects 

of the imagined future reality that 

might be of importance. And third, the 

underlying assumptions from which 

the scenarios are derived should be 

made explicit (cf. Amara 1991). 

6 Types of scenarios 

One type of scenarios can be expected 

to be especially suited to serve as a 

means of concretizing visions: the 

qualitative normative situational sce-

nario. While there are scenario typolo-

gies that include more than ten dimen-

sions (cf. e.g. van Notten et al. 2003) it 

is enough to include the following 
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three dimensions in order to charac-

terize this type of scenario: 

Projective vs. normative scenarios: 

Scenarios that are obtained by ex-

trapolating the future from the past 

and the present are called projective or 

explorative scenarios. Normative sce-

narios, in contrast, are based on as-

sumptions, which are not derived from 

current trends. Normative scenarios 

focus on change and not on continua-

tion. They are conceptions of desirable 

or undesirable future states. Since vi-

sions also focus on discontinuity, sce-

narios that concretize technological 

visions basically are normative scenar-

ios. However, it should not be neglect-

ed that even radical innovations are 

discontinuous developments only in 

certain respects and in other respects 

(as in the case of incremental innova-

tion) recombinations of already exist-

ing elements (cf. Edquist 1997: 1; Van 

de Ven et al. 1999: 9). This means that 

visions – and the corresponding sce-

narios – usually include projective 

components as well (cf. Steinmüller 

1997: 53f.; Steinmüller 2003: 9f.). 

Situational vs. developmental scenari-

os: A scenario’s description of the in-

terdependencies between components 

and relations may either address a 

possible future state of affairs or a 

possible future development. Scenari-

os of the first kind are called situation-

al scenarios or snapshot scenarios, 

those of the second kind are called 

developmental scenarios or chain sce-

narios (cf. Steinmüller 2003: 11; van 

Asselt et al. 2010: 26f.). Technological 

visions are conceptions of desirable (or 

undesirable) future states of affairs. 

The scenarios putting these visions 

into concrete thus are situational sce-

narios. Both types of scenarios refer to 

each other. In a kind of forecasting, it 

is possible to derive situational scenar-

ios from developmental scenarios. Vice 

versa, in a kind of backcasting, it is 

possible to derive developmental sce-

narios from situational scenarios. This 

can be done by asking which steps of 

development are necessary to realize 

(or to prevent) the future reality as 

described by a situational scenario (cf. 

Steinmüller 1997: 55). The pictures-of-

the-future process as developed by 

Siemens AG calls this strategy “retro-

polation” (cf. Eberl 2001: 5). 

Quantitative vs. qualitative scenarios: 

To describe in quantitative terms the 

elements and relations to be taken into 

account within a scenario, it is neces-

sary to derive the assumed figures 

from actual trends, which already have 

been measured quantitatively. Purely 

quantitative scenario, thus, tend to be 

mere extrapolations. To a certain de-

gree all assumptions about technolog-

ical future states are affected by uncer-

tainty and the possible ways there are 

characterized by discontinuity. To deal 

with such complexities, scenario con-

struction has to rely on qualitative 

processes of reasoning about more or 

less probable, feasible and desirable 

(or undesirable) future developments 

and future states and on verbal de-

scriptions thereof (cf. Schwartz 1993: 

34; Steinmüller 2003: 45f.). For this 

reason, scenarios differ from forecasts 

by a certain amount of qualitative ar-

gumentation (cf. Ropohl 1997: 193). It 

is the proportion of projective or nor-

mative components that gives a sce-

nario a more quantitative or a more 

qualitative character. Scenarios with a 

predominantly qualitative orientation 

usually take the form of narratives, in 

most cases in textual form but some-

times as cartoons or film sequences. A 

way to further increase the concrete-

ness and the realism of qualitative 

scenarios is the so-called narrative 

scenario, a form of narration that in-

troduces fictional persons as the sto-

ry’s protagonists (cf. Steinmüller 2003: 

36). The above quoted Sal scenario (cf. 

Weiser 1991: 74f.) is an example of a 

narrative scenario. 

Considering all three dimensions, it 

can be theorized that the qualitative 

normative situational scenario should 

be empirically observable as the most 

appropriate type of scenarios for con-

cretizing and specifying the technolog-



Schulz-Schaeffer: Scenarios as Patterns of Orientation  

 

 

31 

ical visions of radical innovations. Fur-

thermore, it is to expect that scenarios 

of this kind that additionally take the 

form of narrative episodes – should 

serve this purpose especially well. 

7 Visions und Scenarios in Ubiqui-

tous Computing and Nanotech-

nology 

In his foundational paper Weiser envi-

sions a technological future in which 

computers become “an integral, invisi-

ble part of people’s lives” (Weiser 

1991: 66). According to this vision, a 

myriad of interconnected computing 

units embedded within the users’ eve-

ryday environment will constitute a 

constant background presence, a 

ubiquitous informational infrastructure 

that is intuitively usable based on eve-

ryday knowledge. In this paper, Weiser 

coins the term “ubiquitous computing” 

to denote this vision. 

As of the turn of the millennium, this 

vision has had a considerable impact 

on research policy (cf. Friedewald/ 

Raabe 2011: 56). In 2001, the U.S. Na-

tional Research Council publishes a 

research policy paper, which proposes 

the vision of embedded computer-

networks. It states the aim “to develop 

a research agenda that could guide 

federal programs related to computing 

research and inform the research 

community (in industry, universities, 

and government) about the challeng-

ing needs of this emerging research 

area“ (NRC 2001: VIII). At the same 

time, the Nomura Research Institute, 

that is influential in the Japanese re-

search policy, publishes a series of 

research reports proclaiming “Ubiqui-

tous Networking” as the new paradigm 

of information technology (cf. Mura-

kami/Fujinuma 2000; Murakami 2001; 

2003). The Japanese national research 

policy soon adopted this idea. In a 

White Paper of the Ministry of Tele-

communications a strategy for realiz-

ing a „Ubiquitous Network Society“ (cf. 

MPMHAPT 2004) is suggested. Similar 

research policy activities are taking 

place in Europe. Already in 1999, the 

Information Society Technologies Ad-

visory Group (ISTAG) – a panel of ex-

perts providing advice for the Europe-

an research policy in the field of in-

formation technology – proposes the 

vision of ambient intelligence (cf. 

ISTAG 1999: 2), thus creating an own 

label for research policy in the emerg-

ing field of ubiquitous computing. In a 

subsequent report this vision is char-

acterized as follows: „People are sur-

rounded by intelligent intuitive inter-

faces that are embedded in all kinds of 

objects and an environment that is 

capable of recognising and responding 

to the presence of different individuals 

in a seamless, unobtrusive and often 

invisible way.“ (ISTAG 2001: 1). 

It is noticeable that these “vision 

statements” nearly always are accom-

panied by scenarios, which in more or 

less detail spell out for a variety of 

domains of application how the future 

reality of ubiquitous computing3 possi-

bly will look like. Weiser’s Sal scenario 

describes the use of ubicomp technol-

ogies at home, during commuting, and 

at work in the bureau. The ISTAG re-

port „Scenarios for Ambient Intelli-

gence in 2010“ provides four narrative 

scenarios covering the domains of 

shopping, traveling, health care, mo-

bile communication, recreational activ-

ities, and education (cf. ISTAG 2001: 

4ff., 26ff.). The respective Japanese 

research policy papers include scenar-

ios with similar topics. They are often 

presented as cartoons (cf. Mobile IT 

Forum 2003: 1ff.; MPMHAPT 2004: 19). 

The U.S. research agenda “Embedded, 

everywhere” also provides scenarios, 

though with a different thematic focus: 

mobility, warfare, and agriculture (cf. 

NRC 2001: 16ff.)  

                                                        

3 The different terms „ubiquitous compu-
ting“, ubiquitous networking“, „embedded 
systems“, „ambient intelligence“, or „per-
vasive computing“ are basically referring to 
the same technological vision. They differ 
from each other only slightly. To simplify 
matters I am using only the term ubiqui-
tous computing and it’s often used abbre-
viation “ubicomp”. 
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Technology assessment studies of 

ubiquitous computing also rely heavily 

on scenarios. The EU project “SWAMI – 

Safeguards in a World of Ambient In-

telligence” has set standards for the 

use of scenarios for assessing ubicomp 

technology. Here, four so-called “dark 

scenarios” build the basis for as-

sessing the new technology – narrative 

worst-case scenarios devised to shed 

light on social and societal risks of 

future ubiquitous technology applica-

tions (cf. Punie et al. 2006).  

With respect to the visions of nano-

technology, it is useful to distinguish 

between so-called futuristic or utopian 

visions and so-called realistic visions. 

K. Eric Drexler, to whom the author-

ship of the term “nanotechnology” 

usually is credited,4 is the most out-

standing proponent of the futuristic-

utopian discourse. His pivotal vision is 

the future existence of molecular as-

semblers: nanoscale machines able to 

assemble designated structures from 

individual molecules or atoms. Thus 

being able to assemble the structure 

they themselves consist of, molecular 

assemblers additionally are self-

replicative machines. Drexler affiliates 

far-reaching expectations for the fu-

ture to this basic vision, which are 

quite futuristic visions as well: the col-

onization of the universe; the prolon-

gation of the human life span, even up 

to immortality; a revolution of indus-

trial production resulting in an ex-

tremely cost-efficient and resource-

saving mode of production (cf. Drexler 

1986; Drexler/Peterson 1991). 

Futuristic visions play an important 

part in the public debate on nanotech-

nology, as for example the Bill Joy de-

bate5 has shown (cf. Schirrmacher 

2001). Within the scientific discourse, 

however, the prevailing opinion is that 

popular visions of this kind are mere 

                                                        

4 However, he was not the first to use 
this term to describe nanoscale production 
technology (cf. Schaper-Rinkel 2006: 475). 
5 Cf. http://www.wired.com/wired/archive/ 
8.04/joy.html (last access: 2011/11/01). 

science fiction while it should be the 

task of serious scientific endeavor to 

elaborate more realistic and less fanci-

ful future conceptions. The research 

policy papers concerned with nano-

technology largely express a very simi-

lar view towards nanotechnological 

visions (cf. NSTC 1999: 8; Royal Society 

2004: 5). Nevertheless, the expecta-

tions regarding nanotechnology are 

not necessarily more modest within 

this discourse and the conceptions 

that count as realistic visions are not 

always less far-reaching than those 

within the futuristic discourse.  

Most influential for nanotechnology to 

be set on the agenda of research fund-

ing agencies and policymakers are the 

research policy papers that have been 

worked out in the context of the 

emerging U.S. National Nanotechnolo-

gy Initiative. According to an expecta-

tion prominent in these papers, “nano-

technology will have a major impact 

on the health, wealth and security of 

the world’s people that will be at least 

as significant in this century [the 21st 

century; ISS] as antibiotics, the inte-

grated circuit, and manmade poly-

mers” (NSTC 1999: 2) have been for 

the 20th century. The overall vision of 

the National Nanotechnology Initiative 

pictures a future, „in which the ability 

to understand and control matter on 

the nanoscale leads to a revolution in 

technology and industry“ (NSTC 2004: 

1). This overall vision includes a multi-

tude of visions for different domains of 

application: lighter and more durable 

materials, which will make production 

and transportation more energy-

efficient; improved healthcare that will 

prolong life and improve its quality; 

dramatic reduction of waste and pollu-

tion through nanotechnological 

means, to name only a few of them (cf. 

NSF 2001: 3-10). 

In contrast to ubiquitous computing, 

the use of normative situational sce-

narios is rather seldom in nanotech-

nology. While there is a constant and 

systematic use of scenarios as means 

to substantiate visions in research 
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policy as well as in technology as-

sessment activities concerned with 

ubiquitous computing, a similar use of 

scenarios in nanotechnology occurs 

only occasional and if so mostly in a 

less elaborated manner (cf. Aschen-

brenner 2003; BMBF 2006: 28). Some 

nanotechnology studies employ devel-

opmental scenarios for purposes of 

prospective technology assessment, 

but the parameter structuring these 

scenarios often remain rather abstract 

(cf. High Level Expert Group “Fore-

sighting the New Technology Wave” 

2004; Nanologue 2006; 11ff.; 

Renn/Roco 2006: 52ff.). Overall, in the 

field of nanotechnology neither the 

research policy papers nor the tech-

nology assessment systematically uses 

normative situational scenarios or 

scenarios at all. Most times, when the 

term “scenario” is used, it is used to 

designate visions (cf. Roco/Bainbridge 

2002: 4-6; Brune et al. 2006: 382ff.; 

Grunwald 2006: 51ff.). 

8 Effects and uses of scenarios in 

the innovation process 

8.1 Mobilizing and coordinating ac-

tors, interests, and resources 

To understand the relevance of scenar-

ios as means of mobilizing and coor-

dinating actors, interests, and re-

sources, the comparison with the re-

spective relevance of visions is helpful. 

This comparison reveals remarkable 

differences in how future conceptions 

are used in ubicomp and in nanotech-

nology research policy. As described 

above, there is considerable empirical 

evidence that the relevance of techno-

logical visions largely results from 

their rhetorical power. According to 

these findings, visions are especially 

well suited to attract the attention and 

to mobilize the support of research 

policy bodies, policy-makers, and or-

ganizational decision-makers, which is 

necessary to set up the respective re-

search programs and research pro-

jects. The relevant literature largely 

agrees that technological visions may 

and do exercise this rhetorical power 

even when they are of no use as means 

of orienting and guiding the actual 

research and development of the envi-

sioned technologies. The visions of 

nanotechnology confirm this (cf. 

Fiedeler 2010). Quite a few of them 

propose ideas far away (if not princi-

pally distinct) from what will be tech-

nically feasible for decades to come, 

and thus are completely unsuitable for 

orienting specific research activities 

(cf. Lösch 2006a; 2006b). Nevertheless, 

many studies observe a considerable 

actual significance of futuristic visions 

at the interface between science on the 

one hand and politics and the public 

on the other hand (cf. Grunwald 2006: 

70). This holds especially in the field of 

nanotechnology (cf. Deutscher Bun-

destag 2004: 145, 153; Coenen 2003: 

8f.; 2010; Brune et al. 2006: 388f.; Salin 

2007; Rip/Van Amerom 2010: 136ff.). 

The visions that have been influential 

for establishing nanotechnology as a 

key future technology seem to differ 

from those of other new technologies 

in that they are only loosely coupled 

with the emerging scientific founda-

tions of nanotechnology or with ques-

tions concerning the technical feasibil-

ity and usefulness of possible applica-

tions (cf. Woyke 2010: 53). It is in line 

with this observation that the use of 

situational scenarios – that is the use 

of more concrete and application-

oriented future concepts – as means of 

attracting attention and mobilizing 

resources is rather seldom in the con-

text of nanotechnology. 

In the field of ubiquitous computing 

this is markedly different. As men-

tioned above, from the outset the vi-

sions of ubiquitous computing are 

accompanied by scenarios as a means 

of specifying the overall future con-

cepts of the new technology and its 

possible uses. In itself, this finding of 

course does not imply that these sce-

narios are employed as means of mo-

bilizing resources and support for 

technology development. However, 

there is evidence that ubicomp scenar-

ios indeed serve as rhetorical means to 
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this end. Qualitative normative situa-

tional scenarios are prominently 

placed within the research policy pa-

pers, which are written to promote and 

to initiate ubicomp-related research 

programs. Additionally, it is obvious 

that these scenarios are deliberately 

designed to emphasize the benefits of 

a future reality of ubiquitous compu-

ting (cf. Friedewald et al. 2005: 23; 

Punie et al. 2006: 7). It is hard to imag-

ine that this scenarios’ rhetorical 

presentation is without the intention 

to win over the policy papers’ address-

ees. 

What might explain the different use of 

scenarios as rhetorical means in these 

both fields of technology? The above 

considerations suggest that scenarios 

– due do their character as more appli-

cation-oriented forms of future con-

cepts – occur only in the context of 

sufficiently realistic visions while fu-

turistic visions do not provide enough 

of a basis to deduce scenarios of this 

kind. An additional hypothesis is that 

the rhetorical use of scenarios in the 

context of research policy serves to 

mobilize actors more directly involved 

in technology development – and thus 

more application-oriented – than the 

visions’ addressees. It fits into this 

picture that the debate on nanotech-

nology in which visions play a major 

part is mainly a public debate. It is a 

debate on the more fundamental is-

sues concerning the promises and 

risks of nanotechnology. In this de-

bate, the visions serve to attain public 

attention for the more fundamental 

research policy positions concerning 

nanotechnology rather than to pro-

mote specific research and develoment 

programs. However, these are only 

preliminary explanations, which re-

main to be substantiated empirically.  

8.2 Guiding research and develop-

ment activities 

One of the position papers aimed at 

establishing and institutionalizing 

ubiquitous computing explicitly states 

that scenarios provide an opportunity 

to concretize ubicomp visions with 

respect to future technological applica-

tions. The Embedded Systems 

Roadmap 2002 (cf. Eggermont 2002) 

presents the following multistage de-

velopment model: An overarching vi-

sion of a desirable technology consti-

tutes the starting point of the process. 

From this vision, domain-specific sce-

narios of promising applications are 

derived. Subsequently, roadmaps are 

worked out, which define the steps of 

development necessary to realize the 

technological components of the ar-

rangements described by the scenarios 

(cf. ibid.: Eggermont 2002f.). In a simi-

lar way, the Information Society Tech-

nologies Advisory Group characterizes 

the ubicomp scenarios they employ as 

“ways to uncover the specific steps 

and challenges in technology […] that 

have to be taken into account when 

anticipating the future. To put it an-

other way, scenario planning is a tool 

to help us invent our future.“ (ISTAG 

2001: 1)  

Statements of this kind suggest that 

scenarios may be effective as patterns 

of orientation in the process of trans-

forming technological visions into re-

search agendas (see also Friedewald et 

al. 2005: 8). This is a rather interesting 

point, especially since the Constructive 

Technology Assessment approach, 

which at present is the probably most 

well-known concept for analyzing 

technological future concepts, consid-

ers the transformation process from 

visions to agendas to be mainly a so-

cial dynamic in which epistemic orien-

tation plays a minor part (cf. above 3.1 

and 3.2). There is some evidence that 

this view applies more to agenda 

building in nanotechnology than in the 

field of ubiquitous computing. Howev-

er, this question is also open to further 

research. 

Whether or not scenarios provide pat-

terns of orientation that are guiding 

actual research and development activ-

ities is another research question that 

to my knowledge has yet not been 

explored in much detail. Kornelia Kon-



Schulz-Schaeffer: Scenarios as Patterns of Orientation  

 

 

35 

rad (2004: 10, 24, 33, 135, 147; 2006) 

assumes that scenarios are indeed 

effective in such a way. However, nei-

ther her own research nor the actor-

network theory studies she refers to, 

really confirm this assumption. Never-

theless, actor-network theory is a use-

ful reference since it provides a con-

sideration from which it is highly plau-

sible that scenarios should have such a 

capacity: Every successful innovation 

is a new arrangement of coordinated 

roles. The performance of the technical 

components, the behavior of the users, 

the technology-related services of pro-

viders etc. must fit together sufficiently 

well to make a useful and usable tech-

nology (cf. Akrich 1992a; 1992b; Callon 

1986; 1993). Thus, the technical com-

ponents – just as all the other compo-

nents of an innovation – occupy specif-

ic roles within the network of comple-

mentary interrelated roles the innova-

tion consists of. To specify the possible 

roles a new technology may and 

should (or should not) adopt within 

future contexts of application is exactly 

what qualitative normative situational 

scenarios are about. Consequently, 

scenarios of this kind indeed should 

have the capacity to provide guidance 

for innovation-related research and 

development activities. 

8.3 Prospective technology assess-

ment 

It is not clear how important the use of 

scenarios for purposes of technology 

assessment (TA) really is. Some TA 

experts appraise scenarios to have 

become the main device for technolo-

gy-related future assessment (cf. 

Grunwald 2002: 226). Others see them 

as being rather marginal in their use 

for purposes of technology assessment 

(cf. Konrad 2004: 20ff., 259ff.; 

Steinmüller 1999: 670). For prospective 

technology assessment in the field of 

ubiquitous computing, however, sce-

narios definitely are the method of 

choice, whereas in the field of nano-

technology the vision assessment ap-

proach has become important for 

some years. 

Technology assessment meant to pro-

duce knowledge useful for taking ad-

vantage of the benefits of new tech-

nologies and for avoiding the possible 

risks associated with them. Thus, 

technology assessment aims at shap-

ing technology. According to the well-

known anticipation and control di-

lemma of technology assessment it is 

easier adequately to anticipate the 

consequences of a new technology if it 

is already developed to a certain de-

gree, it is easier to influence the direc-

tion of the development process in the 

beginning than in later phases (cf. Col-

lingridge 1980: 16ff.). If to shape tech-

nology, it is thus necessary to assess 

emerging technologies at an early time 

when it is hardly possible to acquire 

sound knowledge of the possible ef-

fects that might be associated with 

them. Some approaches like the Con-

structive Technology Assessment ap-

proach deal with this problem by rede-

fining what technology assessment can 

and should accomplish. Accordingly, 

technology assessment should be 

viewed as a method to enhance reflex-

ivity within the ongoing process of 

technology development rather than as 

an instrument of anticipation and fore-

casting. In this context, Arie Rip explic-

itely refers to scenarios: „if paths are 

created while walking (Garud/Karnøe 

2001), emerging paths can be mapped, 

and the way they emerge can be ana-

lysed […]. Basically, what happens is 

that scenarios are created in which 

impacts can be (speculatively) identi-

fied and assessed […]. Actors always 

work with partial and diffuse versions 

of such scenarios to orient themselves 

– and others. A social-science support-

ed TA might improve the quality of 

their scenarios.“ (Rip 2002: 38) 

Thus, the scenarios used by innovating 

actors as tools to invent the future 

should be employed by TA actors to 

assess the future as envisioned by 

these scenarios and to participate in 

inventing the future by improving 

them. In the field of ubiquitous com-

puting this is a realistic option because 
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there is a considerable similarity be-

tween the scenarios to be found in the 

context of research policy and of re-

search and development and those 

used in TA studies. In contrast, pro-

spective technology assessment in the 

field of nanotechnology cannot rely on 

such a link. Instead, it is largely de-

pendent on visions if to derive assess-

ments from conceptions of the techno-

logical future. These visions, however, 

are primarily rhetorical means for poli-

cy processes and do not provide much 

factual guidance for technology devel-

opment. For this reason, the analysis 

of visions as provided by the vision 

assessment approach is rather a meth-

od of analyzing and assessing policy 

processes than a way to concomitantly 

assess emerging ideas about emerging 

technologies.  

9 Outline of a research program 

Technological innovation processes 

aim at inventing a future that for now 

exists only in imagination. This consti-

tutes – especially in the case of radical 

innovations – the relevance of techno-

logical future concepts. Previous re-

search on the impact of technological 

future concepts on innovation pro-

cesses mainly focuses on visions: (1) 

The Constructive Technology Assess-

ment approach views visions as trig-

gers of a social dynamic of mutual 

positioning of innovating actors. 

Through this social process, the ideas 

about the envisioned future technology 

successively become more and more 

specific. The approach highlights the 

rhetorical function of visions but is not 

very elaborate on epistemic aspects of 

technological future concepts. (2) The 

guiding vision approach as well as-

sumes that visions possess a rhetorical 

power to mobilize actors and re-

sources. Additionally, the proponents 

of this approach are strongly con-

vinced that visions provide guidance 

for research and development activi-

ties. However, the prevailing opinion 

within the relevant literature is that the 

related studies do not give sufficient 

evidence to confirm this point. (3) Ac-

cording to the vision assessment ap-

proach, visions are important because 

of their impact on research and tech-

nology policy discourses. Thus, the 

task of vision assessment is to support 

the development of policies and public 

opinion by reflecting on what these 

visions say and imply. Previous re-

search provides only few considera-

tions on more specific forms of tech-

nological future concepts and there is 

little empirical work concerning the 

question if and how future concepts 

provide epistemic orientation in inno-

vation processes. 

There is a research gap regarding this 

question. While former research dealt 

with it but could not answer it satisfac-

torily with respect to visions, the more 

recent research is primarily interested 

in the rhetorical and political use of 

visions and does not pay much atten-

tion to the epistemic dimension of 

future concepts. As I have argued 

above, there are reasons to believe 

that situational scenarios rather than 

visions include information about the 

components of the envisioned new 

technology, their features, perfor-

mance, and interrelatedness, which all 

can be used to orient research and 

development activities. Against this 

background, the most promising way 

to close the research gap is to study 

the uses and effects of these (and oth-

er) more specific future concepts in 

innovation processes. 

Exploring the epistemic dimension of 

future concepts in innovation process-

es is part of the more general objective 

of developing an approach that con-

ceptually integrates technology and 

innovation studies with prospective 

technology assessment. From the de-

scriptive analytical perspective of tech-

nology and innovation studies, techno-

logical future concepts are factors that 

do or may influence innovation pro-

cesses. From the normative perspec-

tive of technology assessment, techno-

logical future concepts are tools for 

prospective technology assessment. If 

future concepts serve as a common 
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point of reference for both perspec-

tives this could be used to integrate 

both perspectives. This integration 

would require (a) that future concepts 

do indeed exert influence on technolo-

gy development, (b) that the same fu-

ture concepts are used as tools for 

prospective technology assessment, 

and (c) that the recommendations re-

sulting from the assessment process 

find their way back into the domain of 

technology development – for example 

in form of future concepts with more 

desirable or less risk-laden features. As 

argued above, visions are unsuitable to 

bridge the gap between technology 

development and technology assess-

ment but scenarios have this integra-

tive capacity.  

Both objectives – to explore the epis-

temic dimension of scenarios and to 

assess their potential for integrating 

technology development and technol-

ogy assessment – require studying the 

respective uses and effects of scenari-

os in different innovation-related con-

texts: (a) in the research and technolo-

gy policy context of mobilizing actors 

and resources, of mutual positioning 

of the actors involved, of the transfor-

mation of general ideas about the 

technological future into research 

agendas and research programs, and 

of establishing programs supporting 

research and development of the envi-

sioned new technologies, (b) in the 

context of research and development 

of the new technologies, and (c) in the 

context of prospective technology as-

sessment. 

Where situational scenarios occur such 

as in the field of ubiquitous compu-

ting, they do not completely replace 

visions. Rather they complement them 

by spelling out the visions’ overall ide-

as in specific ways. Thus, with the oc-

currence of scenarios visions do not 

become redundant. This implies that 

visions may remain to be relevant for 

innovation processes in certain re-

spects even when there are more spe-

cific ways to express ideas about the 

technological future. Consequently, for 

each of the three contexts just men-

tioned the respective uses and effects 

of scenarios should be analyzed in 

comparison with corresponding uses 

and effects of visions. It should be 

added that the scenarios’ and visions’ 

uses and effects in question not neces-

sarily are intentional ones. Obviously, 

an intentional use should be expected 

when visions are deliberately em-

ployed as rhetorical means or scenari-

os as technology assessment tech-

niques. Yet the ways in which future 

concepts influence processes of re-

search and development are less un-

ambiguous and rhetorical effects do 

not necessarily presuppose corre-

sponding intentions. Thus, research on 

these issues should take in mind that 

unintentional effects of future con-

cepts on innovation processes might 

be as important as those resulting 

from their intentional use. 

The following hypotheses about the 

uses and effects of scenarios in com-

parison to visions within the different 

contexts of the innovation process are 

the main guidelines for the research 

program outlined here. The first and 

second hypotheses address the re-

search and technology policy context:  

H1: Like visions, scenarios are means 

of mobilizing actors and resources. In 

contrast to visions, scenarios attract 

the more application-oriented actors 

in innovation processes. 

H2: Scenarios provide epistemic guid-

ance for the transformation of visions 

into research agendas and research 

programs, while visions in this process 

act as triggers of social dynamics. 

Recent innovation research tends to 

view the formation of research agen-

das and the establishment research 

programs mainly as a social, political, 

and rhetorical process while paying 

less attention to epistemic factors. 

However, the institutionalization of a 

new field of technology is an epistemic 

as well as a social process and thus it 

should be regarded as including a so-

cial and a factual dimension. Estab-
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lishing a new field of technology, a 

new research agenda, or a new re-

search program requires to define the 

subject of the research activities to be 

established. It requires to specify the 

characteristics, features, and problem-

solving capacities of the new technol-

ogy and to identify the respective re-

quirements for research and develop-

ment. This is the factual dimension. 

Mobilizing and mutual positioning of 

actors constitutes social dimension of 

the process. The presupposition of the 

first hypothesis is that visions are of 

major importance with respect to the 

social dynamics of establishing re-

search agendas and research pro-

grams. Additionally, the hypothesis 

assumes that scenarios by mobilizing 

application-oriented actors also act on 

the social dimension of this process. 

The presupposition of second hypoth-

esis is that visions possess little poten-

tial for epistemic guidance in the con-

text of research policy. According to 

the second hypothesis, this is what 

should be expected from scenarios. 

H3: In contrast to visions, scenarios 

provide epistemic guidance for actual 

research and development activities. 

Scenarios can be used as tools to in-

vent the future. 

The third hypothesis addresses the 

context of research and development. 

Gaining better knowledge about the 

connections between technological 

future concepts and actual research 

and development of new technologies 

would substantially advance innova-

tion research. Van Lente and Rip char-

acterize the process through which the 

promises of technological visions re-

sult in new technologies as a “prom-

ise-requirement spiral” (van Lente/Rip 

1998a: 223). To realize a technological 

vision it is necessary to translate its 

promises into developmental require-

ments: Which technological problems 

have to be dealt with? Which compe-

tencies and resources are needed? 

Which actors with which competencies 

and resources are already aboard or 

have to be mobilized? etc. According to 

the authors, the promises of a techno-

logical vision become more specific 

through this translation process. For 

example, the actors involved will focus 

on certain domains of application and 

on certain strategies of research and 

development while other possible 

paths will be postponed or remain 

unnoticed. The more specific promises 

allow to define even more specific re-

quirements which in turn lead to even 

more specific promises and so on.  

With scenarios, it would be more ap-

propriate to speak of an expectation-

requirement spiral, because scenarios 

concretize visions by translating their 

overall promises into specific expecta-

tions about the technological future. If 

scenarios act as patterns of orientation 

for research and development activi-

ties, expectation-requirement spirals 

of the following kind should be ob-

servable: Requirements for research 

and development are derived from the 

scenarios’ expectations about the new 

technology’s performance within spe-

cific domains of application. The defi-

nition of these requirements allows to 

further specify the scenarios and in 

turn to define even more specific re-

quirements, etc. The empirical exist-

ence of such expectation-requirement 

spirals would strongly support the 

assumption of the scenarios’ capacity 

to guide actual research and develop-

ment activities. Such a capacity is to be 

expected because scenarios are (if they 

are well-crafted) complexes of consist-

ently specified cause-effect relation-

ships thus providing a particularly 

good basis for translating ideas about 

the technological futures into instruc-

tions about how to reach there. The 

third hypothesis leaves it open wheth-

er the transformation of technological 

future concepts into actual research 

and development activities necessarily 

includes a epistemic dynamic. It is 

open to empirical research to which 

degree social and epistemic dynamics 

might substitute each other in this 

respect and different kinds and uses of 

future concepts such as those in ubiq-
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uitous computing in contrast to those 

in nanotechnology might provide dif-

ferent answers. 

The fourth and fifth hypotheses ad-

dress the context of prospective tech-

nology assessment: 

H4: Scenarios are a way to spell out 

the possible future reality of a new 

technology coherently and in much 

detail for each domain of application 

that might be promising or that is ex-

pected or suspected to emerge. Sce-

narios are useful tools for prospective 

technology assessment because they 

provide realistic descriptions as a basis 

for assessing the future technology’s 

possible risks and benefits. 

H5: If scenarios have the capacity to 

orient research and development, they 

can become useful tools for shaping 

technology. This requires that the sce-

narios used for purposes of prospec-

tive technology assessment are suffi-

ciently similar to the scenarios, which 

are influential in the context of re-

search and development 

When technological future concepts 

are the basis for assessing the risks 

and benefits of new technologies, the 

subject of such prospective technology 

assessment is not the future reality 

(which is unpredictable) but the pre-

sent ideas and assumption about the 

future. In line with considerations of 

the vision assessment approach (see 

3.3), it can be argued that there are 

circumstances under which these pre-

sent ideas about the future neverthe-

less are important for innovation pro-

cesses: If they influence the percep-

tions, thoughts, and actions of the 

actors involved. The fourth hypothesis 

presupposes that the scenarios’ influ-

ence on innovative actors results from 

the realism of their descriptions of 

possible future realities and assumes 

that this realism makes them useful for 

prospective technology assessment. It 

sounds contradictory, at first, that re-

alistic descriptions (plural!) of an un-

predictable future could be given. Yet 

this is exactly what scenario design 

aims at. It becomes an attainable goal 

by starting with hypothetical basic 

assumptions about the future and lim-

iting the task of giving realistic de-

scriptions to the description of the 

consequences following from these 

assumptions. The above mentioned 

quality criteria for scenario design: 

credibility, consistency, coherence, 

completeness, and plausibility with 

reference to the underlying assump-

tions (see 5) all serve this purpose. 

Designed this way, scenarios are real-

istic only in relation to their underlying 

assumptions. Obviously, scenarios 

then can become the more realistic the 

more plausible these basic assump-

tions are. 

Accordingly, with respect to the fourth 

hypothesis there are two main ques-

tions open for empirical research: The 

first question concerns the role of sce-

narios for generating realistic descrip-

tions of the complexes of cause-effect 

relationships of which the alternate 

possible future realities of a new tech-

nology might consist. However, the 

scenarios’ descriptions – even if they 

internally are highly realistic – might 

remain an intellectual game as long as 

their underlying assumptions are 

deemed unrealistic or unsubstantiated. 

Since scenarios by focusing on specific 

future technological applications are 

down-to-earth versions of future con-

cepts this should be helpful for staying 

realistic also with respect to the sce-

narios’ underlying assumptions. Thus, 

the second question concerns the suit-

ability of scenario design for support-

ing the development of well-grounded 

basic assumptions. 

In the case of prospective technology 

assessment, all recommendations for 

shaping technology have to be derived 

from the assessment of the new tech-

nologies as they are pictured by tech-

nological future concepts. Conse-

quently, the quality of the recommen-

dations depends on the quality of the 

future concepts used to develop them. 

Since scenarios allow for realistic and 

coherent descriptions, the fifth hy-
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pothesis assumes that this form of 

future concepts is especially suitable 

as a basis for arriving at well-founded 

recommendations on the shaping of 

future technology. However, actually 

to shape technology on the basis of 

scenarios is a demanding endeavor. It 

requires not only well-crafted scenari-

os for well-reasoned deliberation. Ad-

ditionally, the relevance of the conclu-

sions drawn from the scenario as-

sessment depends on effectiveness of 

the underlying scenarios as patterns of 

orientation within the context of re-

search and development. As argued 

above, only by influencing the 

thoughts and actions of the actors 

involved technological future concepts 

are of any relevance for innovation 

processes. Consequently, only the as-

sessments of scenarios which are in-

fluential in this way allow to generate 

recommendations of relevance, if the 

aim is to shape technology. Thus, a 

further prerequisite of assessing sce-

narios with the aim of shaping tech-

nology is, as stated in the fifth hypoth-

esis, that there is sufficient similarity 

between the TA scenarios and the sce-

narios of the researchers and engi-

neers. It has to be explored empirically 

under which circumstances scenarios 

or other specific forms of technological 

future concepts provide epistemic ori-

entation both in the context of re-

search and development and in the 

context of prospective technology as-

sessment. The resulting findings might 

show if and how such future concepts 

provide the means to bridge the gap 

between technology development and 

technology assessment. 
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Abstract 

Comparative institutional analysis focuses on the impact of cross-national varia-

tion of institutional structures on economic growth and innovation. A fundamental 

concern of this literature is that national institutional arrangements are the foun-

dation from which comparative advantage and innovative performance is derived. 

However, these analyses have tended to disregard the ample scope for heterogene-

ity at the regional, sectoral and micro-level within economic systems. In view of 

this lack of theoretical and empirical treatment of micro-diversity which is increas-

ingly recognized as one of the key growth drivers and sources of evolutionary 

change of economic systems across a broad range of disciplines, comparative in-

stitutional analysis fails to provide a convincing explanation for the processes by 

which these institutional structures emerge and evolve. Taking issue with the insti-

tutional determinism as well as the static conception of economic systems under-

lying the varieties of capitalism framework, this paper argues that a micro-

theoretical perspective on multi-level systems of innovation may provide a more 

nuanced view on the processes underpinning innovative activity. In this framework 

economic systems are conceptualized as inherently multi-level and co-evolutionary 

entities. That is, their structure emerges from continuous interactions of heteroge-

neous micro-agents embedded in innovation networks generating varied sets of 

resources on the one hand. On the other hand, institutional structure provides 

micro-agents with variegated resources that in turn may be exploited, recombined 

or modified at the micro-level. The main research interest in the proposed micro-

theoretical framework lies in unpacking the co-evolution of micro-diversity em-

bodied in organizational capabilities as well as institutional structure at multiple 

levels of innovation systems.  
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1 Introduction  

Comparative institutional analysis and 

the literature on the varieties of capi-

talism (VoC) (Hall/Soskice 2001, Hol-

lingsworth 2000) investigate the im-

pact of cross-national variation of in-

stitutional structures on economic 

growth and innovation. The funda-

mental point of departure in this body 

of literature is that innovative perfor-

mance is the result of the interplay of 

different national institutional ar-

rangements. Even though micro-

agents take a central position in the 

VoC framework, it has tended to disre-

gard the ample scope for heterogeneity 

at the micro-level. In particular, pat-

terns of economic behaviour at the 

micro-level are frequently conceptual-

ized as a result of institutional logics at 

the macro-level. It is argued here that 

this takes a rather narrow view of 

agency and variation at the micro-level 

denying any strategic leeway micro-

agents have to circumvent institution-

ally impoverished environments by 

drawing on different combinations of 

institutions (Lange 2009) available at 

the regional, sectoral, national or in-

ternational level. The VoC’s conception 

of economic systems also neglects the 

endogenous potential of micro-agents 

to alter macro-structures. This is un-

satisfactory as micro-diversity and its 

transformation into novelty is recog-

nized as the key growth driver as well 

as the fundamental source of the evo-

lution of economic systems across a 

wide range of theoretical frameworks 

including complex adaptive systems 

approaches (Cooke 2012), evolutionary 

economic geography (Boschma/Martin 

2010) and complex systems theory 

(Kauffmann 2008). Therefore, it is ar-

gued here that one of the most im-

portant issues an evolutionary theory 

of innovation needs to elucidate re-

lates to the co-evolution of micro-

diversity on the one hand and institu-

tional structure on the other (Ahrweiler 

2010; Cooke 2012; Saviotti 2009).   

While theoretical frameworks from 

evolutionary economics (Lundvall 

1992; Nelson 1993) initially focused on 

national systems of innovation (Free-

man 1987; Lundvall 1992; Nelson 

1993), economic systems have been 

shown to display considerable hetero-

geneity at the regional (Cooke 1992; 

Braczyk/Cooke/Heidenreich 1998), sec-

toral (Breschi/Malerba 1997; Malerba 

2004) as well as the micro-level (But-

zin/Rehfeld/Widmaier 2012; Cooke 

2012). Moreover, innovation networks 

represent the central form of organiza-

tion by which increasingly complex 

innovation processes unfold (Ahrweiler 

2010; Pyka/Scharnhorst 2009; Powell 

1990). These networks, shaped by geo-

graphical (Glückler 2007) as well as 

sectoral specificities (Kogut 2000), link 

heterogeneous micro-agents including 

firms, universities, research institutes 

and government agencies with varied 

organizational capabilities in the gen-

eration of innovation. Moreover, mi-

cro-agents’ organizational capabilities 

are institutionally embedded (DiMag-

gio 2001; Granovetter 1985), that is, 

these agents do not innovate in isola-

tion and depend on specific institu-

tions – defined as “sets of common 

habits, routines, established practices, 

rules, or laws that regulate the rela-

tions and interactions between indi-

viduals, groups and organizations” 

(Edquist/Johnson 1997: 46). Innovation 

thus emerges from multiple levels of 

innovation systems including micro-

processes that are endogenous to in-

novation networks as well as institu-

tional structure (Whitley 2007) that is 

exogenous to these networks. A cur-

rent frontier in the field of innovation 

studies relates to the integrated analy-

sis of these levels as well as their im-

pact on the evolution of innovation 

networks (Kudic/Pyka/Günther 2012; 

Parkhe/Wasserman/Ralston 2006). This 

paper seeks to make a contribution to 

this body of literature by proposing a 

micro-theoretical perspective on multi-

level systems of innovation (MMLS) 

that provides a framework for the inte-
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grated analysis of micro-level change 

processes on the one hand and institu-

tional selection environments at multi-

ple levels on the other (DiMaggio 2001; 

Padgett/Powell 2012; Kudic/Pyka/  

Günther 2012).  

By unpacking the fine-granulation of 

innovation processes (e.g. But-

zin/Rehfeld/Widmaier 2012; Cooke 

2012), the proposed MMLS seeks to 

shed light on the co-evolution of ac-

tors, networks and institutions. In con-

tradistinction to the VoC approach that 

places its main emphasis on the insti-

tutional structure of innovation sys-

tems to explain innovative activity and 

in reference to (Ahrweiler 2010; Cooke 

2012; Pyka/Scharnhorst 2009) it is ar-

gued here that innovation emerges 

from ongoing interactions at the mi-

cro-level. Therefore, this MMLS 

framework takes as a starting point 

that in order to understand outcomes 

at the macro-level, a more nuanced 

perspective of the micro-mechanisms 

and their interrelations with institu-

tional structure that jointly produce 

micro-diversity is needed. Such a 

framework may provide important 

insights into the extent of the institu-

tional structuring of firms’ strategies 

as well as the factors that impact the 

evolution of micro-agents’ organiza-

tional capabilities which in turn forms 

the basis for understanding the drivers 

of evolutionary change of economic 

systems. While acknowledging the 

impact of institutional forces on mi-

cro-agents, the MMLS accommodates 

the notion of heterogeneous actors 

and agent autonomy relaxing the 

structuralist determinism of the varie-

ties of capitalism approach. Departing 

from this monolithic conception, inno-

vative activity is conceptualized as a 

process embedded in multi-level sys-

tems relating to the micro-level (e.g. 

organizations), meso-level (regional 

and sectoral systems of innovation) 

and macro-level (national institutional 

settings).  

This paper proceeds as follows. First, 

by reviewing the varieties of capitalism 

literature, the rationale for a multi-

level analysis of innovation systems is 

provided. Second, an overview of the 

multi-level characteristics of innova-

tion is given by addressing various 

theoretical frameworks that deal with 

innovation from different perspectives. 

Third, to elucidate the interrelations 

between the different levels of innova-

tion systems, the co-evolution of mi-

cro-diversity and institutional structure 

is addressed. Ultimately, central pillars 

of the proposed MMLS framework are 

explored.  

2 Varieties of capitalism  

The varieties of capitalism (Hall/ 

Soskice 2001) framework remains 

highly influential in comparative insti-

tutional analysis, economic sociology 

and institutional economics (Hancké et 

al. 2009). One major theoretical as-

sumption underlying the VoC-

framework is that national economies 

differ with regard to their institutional 

foundations, which has a considerable 

impact on behavioral patterns of mi-

cro-agents, sectoral specialization and 

economic output of economic systems. 

The interplay of different institutions 

provides national economies with spe-

cific comparative advantages and gives 

rise to distinct ‘system logics’ that 

generate particular behavioural pat-

terns of micro-agents in terms of inno-

vation strategies and routine problem 

solving approaches. The ways in which 

firms deal with coordination problems 

in specific institutional arrangements 

is at the heart of the VoC-approach. 

Hall and Soskice (2001) conceptualize 

firms as developing dynamic capabili-

ties which provide them with competi-

tive advantage. In order to develop 

these dynamic capabilities, firms need 

to coordinate relationships both inter-

nally, e.g. with their employees, as well 

as with their external environment, e.g. 

suppliers, stakeholders and trade un-

ions. From a transaction cost theory 

perspective these relationships are 

problematic; therefore, the ways in 

which firms solve these coordination 
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problems depends on their relational 

capabilities. A core assumption of the 

VoC-framework is that firms solve 

these coordination problems in sys-

tem-specific ways relating to different 

spheres of the national institutional 

setting, i.e. industrial relations, voca-

tional training and education systems, 

financial systems, corporate govern-

ance and inter-firm relations. The VoC-

approach provides a supply-side theo-

ry of institutional arrangements with a 

view to explaining how these institu-

tional configurations affect the supply 

of inputs (e.g. capital, trained person-

nel) available for micro-agents 

(Deeg/Jackson 2007). Moreover, a cen-

tral starting point of the framework is 

the path-dependent development of 

economic systems. National econo-

mies are not converging on a superior 

model in the wake of intensified glob-

alization. By contrast, it is assumed 

that these systems adhere to specific 

institutional trajectories which to 

some extent exhibit persistent charac-

teristics.  

The varieties approach identifies two 

different types of economic systems – 

coordinated (CME) and liberal market 

economies (LME) which, among other 

things, display system-specific corpo-

rate strategies, innovation patterns 

and inter-firm interactions. Liberal 

market economies such as the USA 

and UK are characterized by market-

based institutions. In these economies, 

the interactions between micro-agents 

are based on formal contracting and 

competition. By contrast, in coordinat-

ed market economies such as Germany 

and Austria, the coordination of eco-

nomic activity rests on strategic inter-

actions, i.e. non-market-relations be-

tween economic actors. Due to their 

specific institutional set-up Hall and 

Soskice (2001) find that LMEs excel at 

radical innovation, while CMEs are 

found to specialize in incremental in-

novation. 

 

 

2.1  National institutional domains 

The following section turns to the na-

tional institutional domains and the 

stylized patterns of innovation of the 

two archetypical systems. Among the 

institutional domains briefly reviewed 

here are financial systems and corpo-

rate governance, labour markets as 

well as educational and training sys-

tems.  

Corporate governance and financial 

systems represent important institu-

tional domains in the VoC-framework. 

Acknowledging that there is consider-

able cross-country variation in the 

structure of these domains, different 

modes of coordination among micro-

agents arise in light of the central co-

ordination problem underpinning 

these institutional sectors, i.e. firms 

attempting to access finance on the 

one hand and investors looking to 

safeguard their returns on the other 

(Hall/Soskice 2001). Moreover, newer 

findings indicate that the breadth and 

depth of financial systems has a major 

impact on the output of the economy 

in terms of entrepreneurial activity 

(King/Levine 1993), technological pro-

gress (Dosi 1990), sectoral specializa-

tion (Tylecote/Conesa 1999) and mac-

ro-economic growth (Hirsch-Kreinsen 

2011).  

A fundamental distinction between 

financial systems in LMEs and CMEs 

refers to the type of finance provided. 

CMEs are characterized by bank-based 

and decentralized financial systems 

where credits are the dominant form of 

finance, whereas LMEs are marked by 

highly developed capital and equity 

markets. The ‘insider’ and ‘outsider’ 

models highlight further differences 

with regards to ownership, access to 

information and patterns of innova-

tion. While the insider model pervasive 

in CMEs is particularly well-suited for 

sectors based on incremental innova-

tion and patient capital, the outsider 

model dominant in LMEs is more con-

ducive to the generation of radical 

innovation based on risky investments 
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and in particular relating to the provi-

sion of venture capital for start-ups. 

The emergence of high technology 

sectors in liberal market economies is 

attributed to recent innovations in the 

financing of innovation (Mayer 2002) 

as well as institutional complementari-

ties with other institutional domains. 

By contrast, financial systems in CMEs 

provide firms with access to credit-

based patient capital that is less de-

pendent on publicly available financial 

data or current profitability and more 

inclined to longer investment horizons. 

Investment decisions are frequently 

based on insider knowledge of firm 

competencies and profitability. This 

insider knowledge is harnessed in 

dense networks inside firms and with 

its stakeholders (suppliers, clients) 

providing opportunities for reputation-

al monitoring (Hall/Soskice 2001). 

Moreover, the strategic mode of inter-

action in CMEs is also reflected in the 

two-tier board system, corporate con-

stitution and employee representation 

within these firms wherein works 

councils have a strong position in stra-

tegic decisions (e.g. hiring of new em-

ployees,  negotiation of severance 

payments), while managers have little 

scope for unilateral action (Vitols 

2001). These institutional structures 

provide a fertile ground for long-term, 

yet low-risk investments in traditional 

sectors, whereas venture capital for 

risky ventures is scarce in these insti-

tutional environments.  

National institutional frameworks also 

strongly influence the dynamics of 

labour markets which in turn impact 

the pattern of technological specializa-

tion and competitive advantage. A par-

simonious distinction is made between 

internal and external labour markets. 

CMEs are characterized by internal 

labour markets which are based on 

long-term employment contracts and 

the internal creation of human capital. 

External labour markets refer to the 

practice of recruiting qualified person-

nel on markets. In industries where 

competitive advantage is achieved in 

high-product quality segments based 

on continuous product and process 

development, internal markets provide 

firms with a comparative institutional 

advantage. Whereas external markets 

are favourable in rapidly innovating 

science-based sectors based on short 

product life cycles and the reconstitu-

tion of teams of highly skilled person-

nel. Moreover, the highly developed 

equity markets also provide incentives 

for firms to acquire trained personnel 

or technologies on (external) markets. 

Highly qualified personnel is acquired 

and retained by high powered incen-

tive systems. Due to the weak labour 

regulations recruiting personnel on 

highly fluid labour markets is pervasive 

which enables firms to react to devel-

opments on (equity) markets swiftly 

(Hall/Soskice 2001). By contrast, im-

poverished external markets in CMEs 

may substantially mitigate the capacity 

of firms to compete on these markets 

(Coriat/Weinstein 2004) 

Finally, among educational and train-

ing systems there exists considerable 

cross-country variation. In broad 

terms, the inclination of these systems 

towards basic or vocational training 

has an impact on the type of skills 

readily available for firms in national 

economies (Hall/Soskice 2001). More-

over, national systems of innovation 

also differ markedly with regards to 

the commercialization of knowledge 

and technological transfer between 

basic science and business (Feldman et 

al. 2006). 

2.2  Pitfalls of the varieties of capital-

ism framework   

While the VoC-approach provides a 

simple, yet powerful way of comparing 

economic systems, it cannot explain 

the variation at the regional level, sec-

toral and micro-level. Furthermore, the 

approach cannot explain why and how 

economic systems change. Indeed, the 

varieties of capitalism approach has 

recently been subjected to intensive 

critique (Akkermanns et al. 2009; Allen 

2004; Lange 2009; Peck/Theodore 
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2007; Taylor 2004). By way of concep-

tualizing economic systems as homo-

geneous entities, the varieties ap-

proach adopts a highly-stylized per-

spective of economic development 

falling short on some of the most fun-

damental aspects of economic activity. 

One central criticism levelled at the 

VoC-approach in this regard concerns 

the lack of heterogeneity afforded in 

this framework. Allen (2004) challeng-

es the premise of a homogeneous 

mode of coordination within economic 

systems underlying the VoC-

framework. From this perspective, 

although there may exist dominant 

sets of institutions, these institutions 

may not radiate across entire econom-

ic systems as readily as assumed in the 

VoC-framework. On the contrary, some 

sets of institutions may follow their 

own logic remaining largely unaffected 

by national institutional arrangements. 

Moreover, in contrast to the varieties 

literature Hollingsworth et al. (1994) 

find that within countries there is am-

ple variation among sectors with re-

gards to governance structures (e.g. 

level of state intervention or type of 

inter-organizational networks) which 

has a considerable impact on the per-

formance of these sectors. While ac-

knowledging the specificities of sec-

toral governance within economies, it 

is argued that these governance struc-

tures are also highly varied across 

countries as national institutions and 

sectoral governance regimes interact 

giving rise to varied economic perfor-

mance and innovative output. By con-

trast, in a dynamic perspective, the 

second-order coordination argument 

holds that the increasing international-

ization of some of the components of 

economic systems results in a struc-

tural alignment which gradually erodes 

national institutional arrangements 

(Ahrweiler/Gilbert/Pyka 2006). Collabo-

rative activities within international-

ized networks are identified as central 

drivers facilitating a harmonization of 

structures that increasingly displaces 

national institutional frameworks. For 

instance, the recent success of high 

technology sectors such as the bio-

technology or the internet software 

industry in Germany or Sweden are 

indications of the erosion of structural 

differences between the CMEs and 

LMEs. In contradistinction to these 

findings, a wide range of studies em-

phasizes the persistence of cross-

national differences in terms of strate-

gy (Haeussler 2011), sectoral speciali-

zation (Casper 2006) and venture capi-

tal (Ahlstrom /Bruton 2006).   

3 Rationales for a micro-theore-

tical perspective of multi-level 

systems 

A key premise of the VoC-framework 

relates to the institutional structuring 

of agency. Institutional frameworks 

provide certain types of resources for 

micro-agents thereby supporting dif-

ferent innovation strategies, which is 

why firms in favourable environments 

outperform their counterparts in more 

institutionally impoverished environ-

ments. However, in doing so, the va-

rieties framework theorizes economic 

actors as having uniform preferences 

endogenous to certain types of institu-

tional environments (Allen 2004). By 

way of conceptualizing economic sys-

tems and micro-agents as homogene-

ous entities, the ‘varieties’ approach 

thus adopts a highly-stylized perspec-

tive of economic development ‘read-

ing-off’ micro-level properties from 

macro-institutions. This view repre-

sents a structuralist determinism re-

ducing the scope of individual ma-

noeuvre drastically (Deeg/Jackson 

2007). The lack of empirical treatment 

of the firm may be attributed to the 

aggregate perspective underlying the 

VoC approach. This perspective may 

explain why firms’ strategies as well 

inter-firm networks have not been 

central aspects in this framework. Al-

so, due to the preoccupation with ag-

gregates, the interrelations between 

the micro-level and the macro-level 

have been underrepresented. In order 
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to understand outcomes at the macro-

level, however, it is argued that pro-

cesses at the micro-level need to be 

taken into consideration as individual 

economic agents do not intentionally 

produce some sort of institutional or 

spatial structure.  

The proposed MMLS may provide a 

more nuanced perspective on the insti-

tutional structuring and evolution of 

organizational capabilities by affording 

attention to the interplay of two super-

ordinate dimensions, notably structure 

and agency (Giddens 1984). In line 

with the notion of the duality of struc-

ture underlying structuration theory, 

the MMLS is attentive to the structural 

properties of systems which “are both 

medium and outcome of the practices 

they recursively organise” (Giddens 

1984: 25). A starting point is that the 

hierarchical structure of multi-level 

systems has a bearing on micro-agents 

in terms of providing latent institu-

tional resources on the one hand and 

constraints on the other impacting 

micro-agents, for instance, in terms of 

innovative performance (DiMaggio 

2001). Organizational capabilities and 

the processes by which firms exploit, 

recombine and modify latent institu-

tional resources as well as their capac-

ity to circumvent impoverished institu-

tional environments are contended to 

vary considerably at the micro-level. 

The aggregate of these processes gen-

erate and incrementally change macro-

structures. In contrast to the varieties 

of capitalism literature, the structural-

ist determinism is thus relaxed provid-

ing considerable scope for agency and 

variation. ‘Structure’ may be decom-

posed into three interrelated analytical 

components, notably the macro-level 

(national institutional settings), meso-

level (regional and sectoral systems of 

innovation) as well as the micro-level 

(‘agency’) relating to the behavioural 

patterns of micro-agents at the firm 

and network level. Understanding the 

complex interplay between structure 

and agency may provide meaningful 

insights into the drivers of innovative 

performance and the evolution of 

these systems.  

In the following sections the theoreti-

cal frameworks dealing with innova-

tion on the different levels of innova-

tion systems will be reviewed. Follow-

ing this review, the outlines of a MMLS 

will be elucidated. A starting point re-

lates to the question why firms should 

be conceptualized as heterogeneous 

entities.  

4 Micro-theoretical foundations of 

MLS 

4.1   Theory of the firm 

An answer to the question posed above 

(Nelson 1991) is provided by the re-

source-based view of the firm (RBV) 

(Penrose 1959). Rather than industry 

structure and the static equilibrium 

framework of industrial organization 

(Porter/Caves 1977), the RBV argues 

that understanding differential firm 

behaviour and performance rests on 

the persistent heterogeneity of re-

source endowments and the creation 

of idiosyncratic firm-internal re-

sources. While many resources can be 

bought and sold on factor markets, 

some assets remain non-appropriable 

as factor markets remain incomplete. 

Moreover, in many cases implementing 

certain firm strategies requires highly 

firm-specific assets, which are devel-

oped internally. In a standard static 

equilibrium perspective, these differen-

tial resource endowments would simp-

ly erode due to the perfect mobility of 

resources (Dierickx/Cool 1989). There-

fore, resources are defined as those 

(tangible and intangible) assets which 

are tied semi-permanently to the firm 

(Wernerfelt 1984). Firm’s competitive 

positions are therefore shaped by in-

ternal resources and capabilities which 

are also the main source of their prof-

it1.  

                                                        

1 More particularly, resources relate to the 
firm’s capital consisting of physical, finan-
cial and immaterial capital. Physical capital 
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With a view to explaining the size and 

scope of firms, Penrose (1959) points 

to the type of resources firms utilize: it 

is the abundance or the scarcity of 

resources that impacts the choice of 

markets and profits. Constraining fac-

tors for firm growth include (1) limited 

supply of labour or physical inputs, (2) 

financial restrictions, (3) investment 

opportunities and (4) inadequate man-

agerial competence – all of which may 

vary considerably across the multiple 

levels of innovation systems. It follows 

from this view that if all firms were 

endowed with the same stocks of re-

sources, there would be no above-

normal rents and first-mover ad-

vantages. Therefore, an industry must 

necessarily be made up of heterogene-

ous components for there to exist 

competitive advantage (Barney 1991). 

Drawing on Schumpeter (1942), Pen-

rose (1959) conceptualizes the com-

petitive process in which micro-agents 

vie for resources for survival as being 

shaped by uncertainty and disequilib-

rium. Moreover, in this process micro-

agents may accumulate knowledge 

through learning and R&D investments 

thus fostering absorption capacities 

(Cohen/Levinthal 1990) which implies 

that this is an evolutionary and path-

dependent process (Mahoney/Pandian 

1992; Nelson/Winter 1982; Teece et al. 

1997; Teece 1991). 

4.2  Dyadic relations and networks  

A main focus in strategy research has 

been on explaining differential firm 

performance viewing firms as autono-

mous entities. More recent studies 

expand on this view of firms in a world 

that is increasingly organized in net-

works of inter-organizational rela-

tions. Ibarra et al. (2005) note that the 

                                                                   

includes access to natural resources, raw 
materials, machinery, inventories etc. Fi-
nancial capital comprises liquid capital, 
shares, bonds, securities and so on. Imma-
terial capital refers to both embodied and 
disembodied capital such as know-how, 
business ideas, licenses, designs and copy-
rights (Grant 1991). 

network literature has evolved along 

two distinct trajectories. One trajectory 

is concerned with the micro-level of 

networks (e.g. Dyer/Singh 1998; Gulatti 

et al. 2000; Hite/Hesterly 2001; Larson 

1992), whereas the other deals with 

networks from a macro perspective 

(e.g. Barabási/Albert 1999; 

Watts/Strogatz 1998).  

A starting point of micro-theoretical 

perspectives of networks is that that 

understanding differential firm strate-

gies and performance necessitates the 

investigation of network ties encapsu-

lating firms in multiple relationships 

(Gulatti et al. 2000). Acknowledging 

that any network may be disassembled 

into a given number of dyads, the basic 

unit of analysis is the dyad in these 

studies (e.g. Mowery 1998; Mytelka 

1991; Teece 1997). One of the ap-

proaches dealing with this basic unit of 

network relations is the ‘relational 

view’ (Dyer/Singh 1998). A central as-

sumption underpinning this approach 

is that a firm’s competitive resources 

may be embedded in inter-

organizational networks producing 

relational rents, i.e. rents created from 

pooling resources generating products 

or services that could not have been 

created by either firm in isolation (Dy-

er/Singh 1998). In this view, relational 

rents are strongly connected to firm-

internal competencies. Therefore, the 

relational-view may be seen as a logi-

cal extension of the resource-based 

view. 

Rather than focusing on dyads, social 

network theory (SNT) examines entire 

networks. Networks are conceptual-

ized as “a set of actors connected by a 

set of ties” (Borgatti/Foster 2003). Ac-

tors are often referred to as nodes 

which are connected by shared end-

points that directly or indirectly link 

nodes producing a particular network 

structure with different topological 

characteristics (e.g. “centrality”, “be-

tweenness”, “density”, “homophily”). A 

fundamental concern of SNT relates to 

the topological characteristics of net-
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work structure and nodes’ positions 

within them in relation to outcomes at 

the node and network level of analysis 

(Borgatti 2011). While a rich body of 

literature has emerged in SNT (see 

Bergenholtz/Waldström 2011 for a 

literature review), three major perspec-

tives will be considered briefly, that is, 

the structuralist and the institutional 

as well as an approach that will be 

referred to as technologist.  

One of the earliest approaches of net-

work analysis is the structuralist per-

spective (Burt 1992), in which a fun-

damental claim is that nodes that oc-

cupy similar network positions exhibit 

commonalities in terms of a defined 

outcome (e.g. innovative output). In 

the structuralist view individual nodes 

are by and large homogeneous entities 

– the only distinction being structural 

positions that provide opportunities 

(e.g. ability to innovate) and con-

straints. Structurally equivalent nodes 

are expected to display common at-

tributes (e.g. behaviour) (Borgatti et al. 

2009; Borgatti/Foster 2003). Moreover, 

Barabási and Albert (1999) make a 

seminal contribution to the structural-

ist perspective by showing that net-

works across a broad range of systems 

including genetic networks as well as 

socio-economic systems undergo con-

stant expansion by adding new nodes. 

More precisely, new nodes are added 

by preferential attachment, that is, the 

new nodes enter into already well 

connected network regions.  

However, the structuralist perspective 

of networks affords little attention to 

node properties and agency (Ahrweiler 

2010). Thus from a MMLS perspective, 

this view of networks may be criticized 

in terms of its inherent structuralist 

determinism and the lack of agency 

treating central features of network 

nodes and ties as well as the processes 

by which networks evolve as black-

boxes. That is, the growth dynamics of 

Barabási-type complex networks do 

not provide insights into the micro-

mechanisms by which networks and 

individual nodes co-evolve. We argue 

here that due to various endogenous 

as well as exogenous factors, network 

evolution should rather be understood 

as a nonlinear process. Therefore, even 

though relational rents may arise from 

the position of firms within a network, 

network nodes’ heterogeneous organi-

zational capabilities should receive 

equal attention. To illustrate the point 

why it is important to conceptualize 

networks as consisting of heterogene-

ous agents, consider the following: The 

capability of building and occupying a 

certain position within a network vis-

à-vis competitors or strategic partners 

depends on mobilizing internal re-

sources. This implies that attaining a 

network position necessarily presup-

poses efforts by heterogeneous actors 

for any sort of order to emerge. Once 

these positions are captured, they may 

yield certain rents. However, it is ar-

gued here that understanding how 

network structures have developed 

and in which direction they are going 

to evolve requires a more nuanced 

perspective.  

In this context Powell et al. (2005) ar-

gue that structuralist approaches fo-

cusing on topological characteristics of 

networks have neglected institutional 

underpinnings as well as the hetero-

geneous demography of nodes - all of 

which substantially impact the flow of 

information and evolution of net-

works. A starting point of this litera-

ture is that that formal structures of 

organizations are shaped by institu-

tional environments (Meyer/Rowan 

1977). Recognizing that organizations 

are embedded in relational and institu-

tional contexts in organizational fields, 

networks are conceptualized as trans-

mission channels of organizing princi-

ples. In organizational fields, particular 

patterns of information flows emerge 

from the status order of individual 

organizations, which engenders a core 

and periphery. In broad terms, agents 

in the periphery emulate the structure 

and behaviour of the most central ones 

by mimetic processes. In the process 

of structural convergence, institutional 
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logics such as rules and conventions 

representing specific organizing prin-

ciples play a major role (Powell et al. 

2005). By contrast, rather than focus-

ing on institutional principles of net-

work structure a related strand of lit-

erature highlights the technological 

underpinnings of networks. The tech-

nologist view argues that technological 

generative rules give rise to network 

structure, which in turn influences 

firm’ behaviour (Kogut 2000). In these 

approaches, network structure reflects 

different sets of operating principles 

ensconced in technologically specific 

knowledge bases underlying indus-

tries. 

Taking technologies or institutions as 

a starting point, however, may consid-

erably underestimate the scope for 

variation at the national and micro-

level. Moreover, the question remains 

how technological and institutional 

organizing principles interact and im-

pact the structure and dynamics of 

networks. Informing the construction 

of our MMLS framework, we draw 

from these analyses the differential 

impact of technological knowledge 

bases as well as institutional environ-

ments on network structure and the 

evolution of organizational capabili-

ties. In addition, fundamental ques-

tions relating to the analysis of MMLS 

include: Why is there ample scope of 

variation among network structures in 

the same technological field? Does the 

structure and evolution of networks 

vary in different national and regional 

contexts? Are there indications of 

structural alignment or convergence 

among industries embedded in differ-

ent national institutional settings? In 

what ways do networks and institu-

tional environments co-evolve? The 

meso-level of innovation systems may 

shed light on a number of these issues. 

5 Meso-level 

The varieties of capitalism framework 

conceptualizes economic systems as 

flat and closed entities. Evolutionary 

economic geography, however, shows 

that economic and innovative activity 

are highly concentrated (e.g. 

Jaffe/Henderson/Trajtenberg 1993) 

within a variegated and evolving land-

scape of interconnected regional 

economies (Boschma/Martin 2010; 

Cooke 2001; Doloreux/Parto 2005; 

Martin/Sunley 2006), wherein various 

sectoral systems of innovation 

(Malerba 2004) with varied knowledge 

bases and heterogeneous micro-

agents compete for resources within 

regionally as well as sectorally bound-

ed selection environments. Jointly, 

these interacting components give rise 

to the meso-level of innovation sys-

tems which may vastly diverge from 

the national level and incrementally 

transform the latter thus generating 

novel macro-structures (Cooke 2012).    

5.1  Sectoral systems of innovation 

The concept of sectoral systems of 

innovation provides a basis for ex-

plaining and empirically investigating 

the question why different sectoral 

regimes emerge under one national 

institutional framework (Strambach 

2010). This concept accommodates the 

notion that “innovation systems…tend 

to be sectorally specific” (Nelson 1992: 

371). Malerba (2004: 16) defines sec-

toral systems of innovation as a “set of 

activities unified by some linked prod-

uct groups for a given or emerging 

demand and characterized by a com-

mon knowledge base”. Knowledge 

bases differ across sectors in terms of 

their specificity, tacitness, complexity 

and interdependence (Breschi et al. 

2000). A central premise of the sectoral 

systems of innovation (SSI) framework 

is that innovation patterns tend to dis-

play commonalities across countries. 

These cross-national contingencies are 

attributed to sector-specific technolog-

ical regimes, knowledge bases, actors, 

networks and institutions.  

Drawing on the concept of technologi-

cal regimes by Nelson and Winter 

(1982), the SSI approach emphasizes 

the importance of the technological 
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environment for the organization and 

evolution of industries. Technological 

regimes are defined by the specific 

composition of opportunity, cumula-

tiveness and appropriability of innova-

tion, which represent central economic 

properties of technologies. These in 

turn greatly affect the incentives and 

requisite organizational capabilities in 

innovation processes. Technological 

opportunity conditions relate to the 

potential with respect to the likelihood 

of generating innovative activities for 

the invested amount of funds. These 

conditions are found to vary consider-

ably across technological regimes. 

Moreover, the appropriability condi-

tions, that is, the mechanisms by 

which firms safeguard their innova-

tions from competitors as well as 

technological cumulativeness referring 

to the extent to which the generation 

of novel knowledge builds on extant 

knowledge may also strongly vary 

across technological regimes (Malerba 

2002). These, in turn, give rise to spe-

cific learning processes, structural 

patterns of innovation (e.g. industrial 

concentration, the rate of entry and 

exit) as well as the transformation of 

sectoral systems of innovation (Breschi 

et al 2000). In the SSI-framework, 

technological regimes thus account for 

much of the cross-country invariance 

in terms of innovation patterns. The 

different elements of SSI, i.e. 

knowledge bases, actors, networks 

and institutions co-evolve giving rise 

to distinct patterns of innovation (Co-

riat et al. 2004). A parsimonious dis-

tinction of innovative activity across 

industries is made between Schumpet-

er Mark I and Schumpeter Mark II in-

dustries. This distinction focuses on 

the systematic distribution of innova-

tive patterns among entrants and in-

cumbents. The former constitute learn-

ing regimes in turbulent environments 

with great amounts of entries, entre-

preneurial activity and processes of 

‘creative destruction’ constantly chal-

lenging and eroding incumbent’s posi-

tions. By contrast, a distinct feature of 

Schumpeter Mark II industries are 

processes of ‘creative accumulation’, 

by which dominant industry incum-

bents ‘deepen’ their competitive posi-

tions by way of accumulating capabili-

ties over time in relative stabile envi-

ronments with relatively high barriers 

to entry (Breschi et al. 2000; 

Malerba/Orsenigo 1997).  

The SSI-framework holds that hetero-

geneous micro-agents in similar tech-

nological regimes display common 

behavioural characteristics and organ-

izational forms (Malerba 2002). It is 

assumed that these regularities also 

apply to the transformation of indus-

tries. However, while some of the con-

ditions underpinning technological 

regimes are held to be constant across 

countries, it is conceded in the SSI-

framework that the capacity to exploit 

and create technological opportunities 

varies substantially across countries 

relating to national institutional 

frameworks. The SSI-framework is 

also attentive to the notion of hetero-

geneous micro-agents and sector-

specific networks of innovators 

(Malerba 2004). However, the integrat-

ed analysis of actors, networks and 

institutions found in this framework 

has tended to underrepresent micro-

diversity and the processes by which 

organizational capabilities and net-

works evolve. This is closely connected 

to the level of analysis of this frame-

work: Although the SSI framework 

recognizes the impact of institutions 

and the heterogeneity of micro-agents, 

the focus of this framework has been 

on the relation between technological 

regimes, industrial structure and evo-

lution in an aggregate perspective. In 

doing so, the specificities of national 

systems of innovation are frequently 

regarded as ‘residuals’. It is argued 

here that understanding the interplay 

between the institutional features and 

sectoral patterns of innovation and 

their manifestation at the micro-level 

is key for understanding the factors 

inhibiting or driving industrial perfor-

mance. More generally, little is known 

about the extent to which sectoral sys-
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tems of innovation are shaped by na-

tional institutional settings such as 

financial systems, labour markets, sci-

ence and education systems on the 

one hand and the evolution of organi-

zational capabilities on the other. For 

instance, as entrant’s requirements of 

finance also varies markedly across 

industries, nation-specific financial 

systems may impact the evolution of 

certain organizational capabilities 

which give rise to specific industries 

that in turn disproportionately con-

tribute to aggregate economic growth 

(O’Sullivan 2005). In addition to heter-

ogeneity at the sectoral-level, a grow-

ing literature points to the great scope 

of variety at the regional level.  

5.2  Regional systems of innovation  

An extensive of body of literature has 

highlighted the importance of the re-

gional level for innovative performance 

(Asheim/Gertler 2005; Audretsch/Feld-

man 1996; Braczyk/Heidenreich/Cooke 

1998; Camagni 1991; Porter 1990) and 

the scope for variation of economic 

systems at the regional level (Voelzkow 

2007). Rather than eroding the im-

portance of local proximity, globalisa-

tion forces as well as the shift towards 

the knowledge-based economy (OECD 

1996) seem to accentuate the im-

portance of localised production sys-

tems (Asheim/Gertler 2005; Porter 

1990). Regional concentrations of “in-

terconnected companies, specialized 

suppliers, service providers, firms in 

related industries, associated institu-

tions in particular fields” (Porter 1998: 

199) lay the geographical foundation 

from which innovation emerges. The 

driving forces that give rise to the spa-

tial clustering of economic activity 

have been elicited by Marshall (1890) 

and more recently formalised by 

Krugman (1991), namely in terms of 

three different types of externalities, 

i.e. the development of a local pool of 

specialised labour, local provision of 

non-traded inputs specific to an indus-

try in greater variety and at lower cost 

as well as the flow of information, ide-

as and technological spillovers in spa-

tial proximity. Particularly the last type 

of localised externalities have been 

shown to facilitate the transmission of 

knowledge and the generation of inno-

vation among interacting micro-agents 

embedded in regional systems of inno-

vation (RSI) (Cooke 1992).  

Recent approaches in economic geog-

raphy have focused on evolutionary 

aspects of economic development 

(Boschma/Martin 2010) in general and 

cluster life cycles (Menzel/Fornahl 

2010) in particular. One of the central 

points raised by these strands of litera-

ture is that economic development is 

affected by constant structural change 

and upheaval forces; throughout histo-

ry new industries have emerged and 

mature industries have declined or 

relocated in non-predetermined path-

dependent processes (Martin/Sunley 

2006) which have in turn laid the 

foundation for upswings as well as the 

decline of regional economies. 

Audretsch and Feldman (1996) link the 

notion of industrial life cycles to the 

geography of innovation. That is, the 

propensity of innovative activity to 

cluster spatially is closely linked to the 

evolution of industry life cycles; while 

particularly in early industry life stages 

the share of tacit knowledge is highest 

(Audretsch/Feldman 1996), newer find-

ings indicate that as industries mature 

an increasing codification of 

knowledge takes place which in turn 

leads to a dispersal of economic activi-

ty. In these mature stages of cluster 

life cycles, positive agglomeration ef-

fects are offset by congestion effects. 

Thus, micro-agents primarily benefit 

from co-location within clusters be-

tween two distinct junctures, namely 

after the emergence of clusters, that is, 

when the regional concentration has 

reached a critical mass and until the 

heterogeneity of a cluster is exhausted 

due to mutual learning processes and 

the subsequent convergence of region-

al competencies (Menzel/Fornahl 

2010). Upon depletion of micro-

diversity, maturity or stagnation of 
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cluster growth may set in thus turning 

the benefits derived from clustering 

into liabilities locking regional econo-

mies into downward spirals of devel-

opment.  

Regional systems of innovation are 

thus faced with the challenge of con-

stantly having to adapt to changing 

environments by generating micro-

diversity and renewing their 

knowledge bases (Cooke 2012). RIS 

may facilitate localized learning pro-

cesses by way of providing an institu-

tional support infrastructure on the 

basis of which micro-agents may im-

port, recombine, generate and diffuse 

highly complex tacit knowledge (Cooke 

2008: 402; Polany 1966). The accumu-

lation of these idiosyncratic resources 

may continuously deepen and widen 

the regional knowledge base 

(Asheim/Coenen 2005) and thus form 

the foundation for ‘‘localized capabili-

ties’ (Maskell 1997) and ‘competitive-

ness’ (Porter 1990) at the firm and re-

gional level. More particularly, local-

ized learning processes are facilitated 

by regionally embedded subsystems 

(Cooke 1997). On the one hand, RIS 

are comprised of knowledge genera-

tion and diffusion subsystems engaged 

in the production and dissemination of 

knowledge and skills within regional 

institutions such as public research 

institutions, technology mediating 

organizations as well as education 

facilities. On the other hand, RIS are 

shaped by knowledge application and 

exploitation subsystems encompassing 

firms, clients, suppliers, competitors, 

financing institutions, industry associ-

ations and government agencies (Töd-

tling/Trippl 2011).  

Although the literature on regional 
systems of innovation has made exten-
sive progress on the factors underpin-
ning the geography of innovation, the 
framework has only recently begun to 
shed light on the micro-processes by 
which RIS emerge and evolve 
(Boschma/Martin 2010; Cooke 2012). 
Similar to comparative institutional 
analysis, this shortcoming may be at-
tributed to economic geography’s con-

cern for populations of firms. In most 
studies on the geography of innova-
tion, geographical proximity among 
micro-agents is equated with different 
kinds of innovative outputs such as 
knowledge externalities and localized 
learning. More recently, geographical 
proximity as such has been proven to 
be insufficient for explaining innova-
tive outcomes (Boschma 2005; Dolo-
reux/Parto 2005). Moreover, the RIS 
literature has by and large contended 
that dense networks of inter-firm co-
operation are favourable to regional 
economic performance. However, this 
notion neglects the processes and 
structure underpinning these networks 
(Giuliani 2010). In sum, the notion of 
proximity is increasingly deemed in-
sufficient for understanding the com-
plex interactions among micro-agents. 
That is, the notion of ’proximity’ treats 
interactions among micro-agents as a 
black-box reading-off micro-actor’s 
properties from meso-structures. 
Therefore, a framework that is atten-
tive to the micro-mechanisms by 
which RIS emerge, adapt or fail to 
adapt to changing environments may 
elucidate a more nuanced view in this 
context.  

6 Towards a micro-theoretical 

framework of multi-level sys-

tems 

In the final chapter of this paper, the 

outlines of the MMLS will be elucidat-

ed. This model is informed by the fun-

damental finding of the literature re-

view provided above relating to the 

insufficient treatment of the micro-

mechanisms that underpin the co-

evolution of actors, networks and in-

stitutions that produce the fluctuations 

of aggregate variables and institutional 

structure (see also Cooke 2012). Draw-

ing on some of the major tenets of 

complexity-based approaches (Ahr-

weiler 2010; Kaufmann 1993; Prigo-

gine/Nicolis 1989; Saviotti 2009; 

Pyka/Scharnhorst 2009), the co-

evolution of structure and agency is 

afforded a central position in this 

framework. At the heart of this process 

is one of the most important evolu-
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tionary concepts, notably co-evolution. 

Co-evolution is one of the fundamental 

mechanisms driving evolutionary 

change of economic systems. It cap-

tures the interactions and feedback 

loops between two components within 

a given system over a certain period of 

time (e.g. Murman 2003). While co-

evolution and multi-level theory have 

in common their concern for interac-

tion effects among different interacting 

components and different levels re-

spectively, co-evolution adds to this 

type of analysis the time dimension2. 

The last section will briefly sketch out 

some of the major dynamics of such 

interaction effects.  

6.1  The co-evolution of structure and 

agency 

Complexity theory (e.g. Kaufmann 

1993) offers a fruitful starting point to 

address the co-evolution of structure 

and agency (Fuchs 2003). This relates 

to one of the fundamental explananda 

of evolutionary economic develop-

ment, that is, the emergence and 

transformation of order. Even though 

in the course of economic develop-

ment micro-diversity increases, eco-

nomic systems do not tend to display 

higher levels of randomness. On the 

contrary, bifurcations, that is, discon-

tinuous and radical changes to struc-

ture notwithstanding, economic sys-

tems display considerable stability 

with incremental, rather than radical 

variation (Saviotti 2009). Bifurcations 

are a consequence of the inherent pro-

                                                        

2 Co-evolution is itself a multi-level phe-
nomenon (Cooke 2012); for instance, inno-
vation system scholars have focused on the 
co-evolution of institutions and technolo-
gies (Nelson 1993), whereas business 
scholars have investigated the co-evolution 
of different levels of organizations 
(Klein/Kozlowski 2000). More recently, the 
co-evolutionary nature of network devel-
opment (Doreian/Stokman 2005; Lew-
in/Volberda 1999; Volberda/Lewin 2003) 
and industries (Ter Wal/Boschma 2005; 
Kudic/Pyka/Günther 2012) as well as re-
gional specificities of network evolution 
(Glückler 2007) have gained attention. 

pensity of socio-economic systems to 

transformation which has qualitative 

components giving rise to new types of 

entities and interactions as well as 

quantitative underpinnings, referring 

to growing efficiency and increasing 

micro-diversity, that is, an increasing 

number and heterogeneity of entities 

within economic systems (Saviotti 

2010). Understanding how such micro-

diversity is generated and how it co-

evolves with its institutional selection 

environment is the central question a 

micro-theoretical perspective of multi-

level systems of innovation (MMLS) 

seeks to address. Complexity theory 

offers at least two important processes 

by which such evolution takes place, 

that is, autocatalysis and the above 

described process of co-evolution.    

Autocatalysis is a central concept from 

complexity theory that provides a 

meaningful explanation to processes 

by which small initial differences are 

scaled-up into macro-level phenomena 

(Padgett/Powell 2012). Autocatalysis 

refers to a cyclical concatenation of 

processes that engenders and stimu-

lates growth of its constituent compo-

nents until a certain threshold is 

reached (Ulanowicz 1997). In this pro-

cess, autocatalysis promotes competi-

tion and selection in specific directions 

towards autocatalytic sets3. Originally, 

autocatalytic sets were used to de-

scribe chemical reaction networks that 

if provided with the required energy 

inputs would reproduce over time. 

These reproductions may be carried 

forward even in the event that some of 

its constituent components (e.g. net-

work nodes) are removed by mecha-

nisms of self-repair and resilience 

(Padgett/Powell 2012). Moreover, au-

tocatalysis is not limited to a single 

loop, it “transfers its influence to the 

wider systemic environment via con-

                                                        

3 Autocatalytic sets are defined as a “set of 
nodes and transformations in which all 
nodes are reconstructed through transfor-
mations among nodes in the set” (Padgett/ 
Powell 2012: 8) 



Kahl: Micro-theoretical Perspective of Multi-Level Systems of Innovation  

 

 

59 

nections that exist among assemblages 

of autocatalytic loops” (Matutinovic 

2005). Thus in economic systems au-

tocatalytic sets refer to patterns at the 

micro-level (e.g. organizational capa-

bilities) that by way of reproduction 

may become prolific over time thus 

generating and transforming meso- 

and macro-structures. With respect to 

the evolution of structure and agency, 

one of the principle problems emerg-

ing from this notion is connected to 

the processes by which micro-agents 

self-organize into self-replicating au-

tocatalytic sets and how these sets co-

evolve with institutional selection envi-

ronments.  

Evolutionary economic geography (e.g. 

Boschma/Martin) shows that variation 

at the meso-level plays an important 

intermediate role in generating and 

transforming institutional structure 

(Cooke 2012) by absorbing interre-

gional knowledge spillovers (Giuliani 

2005) and incrementally building re-

gional knowledge bases as well as by 

disseminating novel combinations and 

endogenous resources (Bathelt/Malm-

berg/Maskell 2004) by the workings of 

a number of interacting heterogeneous 

micro-agents. Moreover, regional sys-

tems of innovation are conceptualized 

here as dynamic selection environ-

ments within and across which micro-

agents engage in the competition for 

resources the outcome of which de-

termines the creation and destruction 

of micro-diversity. In this process, the 

region’s properties co-evolve with the 

deliberate attempts of micro-agents to 

modify meso-institutional environ-

ments (Essletzbichler/Rigby 2010). 

Indeed, these modifications must not 

be commensurate with incremental or 

radical transformations of structure, 

but may also relate to strategies of 

auto-protection locking regional econ-

omies into protracted periods of insti-

tutional stagnation (Grabher 1993). 

More generally, in the proposed 

framework, macro-institutional struc-

ture is thus conceptualized as an 

emergent property of autocatalytic 

micro-level processes which may be 

strongly mediated at the meso-level. 

This underscores the central position 

agency is afforded in the MMLS 

framework.  

6.2  Central pillars of a micro-theore-

tical framework of MLS 

We propose to conceptualize and em-

pirically analyze agency as the highly 

varied organizational capabilities of 

micro-agents to generate and leverage 

resources and to adapt to evolving 

institutional selection environments. 

These capabilities are the outcome of 

micro-agents’ knowledge bases and 

resources which may span organiza-

tional boundaries (networks) and may 

include higher-order latent institution-

al resources, that is, resources at the 

meso- and macro-level. Thus at the 

basis of the proposed model are mi-

cro-agents conceptualized as hetero-

geneous factors bundles with varying 

resources, strategies and absorptive 

capacities (Baum/Rowley 2008; Co-

hen/Levinthal 1990; Penrose 1959; 

March 1991) embedded into a direct 

environment comprising the ego-

centered network of the focal firms as 

well as an intermediate meso-level 

shaped by sectoral (Malerba 2004) and 

regional systems of innovation (Cooke 

1992) and a macro-level comprising 

the national institutional framework 

(Hall/Soskice 2001).  

Rather than merely ‘selecting’ those 

kinds of organizational capabilities 

that fit a specific selection environ-

ment, institutional structure provides a 

specific set of what is here referred to 

as ‘latent institutional resources’ (cf. 

Murman 2003). ‘Latent’ denotes that 

these institutional resources are po-

tentially available to micro-agents, that 

is, they are not accessible and inter-

pretable to the same degree by all mi-

cro-agents as these exhibit heteroge-

neous capabilities in terms of trans-

forming these resources into resource 

generating and leveraging mecha-

nisms. Given the heterogeneity of or-

ganizational capabilities, micro-agents 
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may engage in networks to access 

complementary stocks of resources 

(Pyka/Küppers 2002). In doing so, mi-

cro-agents are contended to display 

the capacity of circumventing and 

adapting to impoverished institutional 

environments by modifying latent in-

stitutional resources and creating en-

dogenous resource bundles. In this 

process, networks play an important 

role. These networks may be extremely 

clustered generating localised exter-

nalities which are conducive to the 

formation of highly idiosyncratic re-

source bundles not supported by the 

macro-institutional environment 

(Voelzkow 2007). Firms may also en-

gage in institutional arbitrage by way 

of internationalizing their activities in 

highly dispersed networks providing 

functional equivalents of institutions 

(Ahrweiler/Gilbert/Pyka 2006) or com-

bine both institutional arbitrage and 

local clustering (Bathelt/Malmberg/ 

Maskell 2004).  

More particularly, organizational ca-

pabilities are conceptualized as an 

outcome of the configuration of activi-

ties and resources across the focal 

firm‘s internal value chain as well as 

the properties and the management of 

the focal firm’s network relations em-

bedded in a specific network structure. 

On the interior resources relate to fi-

nancial assets and the technological 

knowledge base as well as organiza-

tional competence referring to e.g. 

recruitment of qualified personnel and 

management capability. To leverage 

these resources, firms may draw on 

their relational exterior. Firms also 

display varying relational capabilities, 

that is, the ability to build and sustain 

relations with other firms (Dyer/Singh 

1998). Moreover, the focal firm as well 

as the network nodes may pursue 

complementary or non-complementary 

proprietary as well as network strate-

gies. With respect to the types of pro-

prietary strategies firms pursue, a par-

simonious distinction is made between 

exploration and exploitation 

(Lavie/Rosenkopf 2006; Levin-

thal/March 1993; March 1991). Explo-

ration refers to “search, variation, risk 

taking, experimentation, play, flexibil-

ity, discovery, innovation” (March 

1991: 71), whereas exploitation may be 

described by “refinement choice, pro-

duction, efficiency, selection, imple-

mentation, execution” (ebd.). To safe-

guard survival, firms need to balance 

these activities both internally and 

within their networks (Lavie/ 

Rosenkopf 2006). That is, micro-agents 

are conceptualized here as primarily 

interested in attaining these proprie-

tary strategies, while network nodes 

may facilitate or constrain these at-

tempts by providing complementary 

resources.   

Balancing these activities requires the 

focal firm to build and sustain appro-

priate portfolios of relational ties and 

to capture promising network posi-

tions. Relational ties between the focal 

firm and network nodes represent the 

channels through which various types 

of resources may be exchanged (Hite 

2008). These ties may have multi-

dimensional properties (Hite 2003), 

which in turn may increase competi-

tive advantage (Dyer/Singh 1998). To 

leverage proprietary strategies, focal 

firms and nodes may pursue varied 

network strategies (Baum/Rowley 

2008; Doreian 2008). Drawing on 

Kudic et al. (2012), these network 

strategies may relate to progressive, 

moderate and conservative relational 

orientations, where progressive strate-

gies refer to the rapid expansion of 

network ties to gain access to re-

sources, while moderate strategies 

relate to more gradual expansion and 

conservative strategies aim at retaining 

the existing stock of resources.  

The interplay of the firm, relational, 

node and network level create a com-

plex and evolving network structure 

with specific properties (e.g. density, 

homophily) which in turn give rise to 

network trajectories (Kilduff/Tsai 

2003). These trajectories are the out-

come of the strategic orientation of 
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focal firms and network nodes at point 

t0 which in turn impacts the type of 

cooperation options in the future at t1 

(Kudic/Pyka/Günther 2012). Jointly, 

behavioural patterns of focal firms and 

nodes give rise to specific patterns of 

network change4 (Koka/Madhavan/ 

Prescott 2006).  

Moreover, organizational capabilities 

may be reproduced or modified over 

time via adapting firm-level, node- or 

network-level properties, that is, vari-

ables endogenous to networks. To 

illustrate this point consider for in-

stance the evolution of a dyadic rela-

tion D1 between a present (t0) and fu-

ture (t1) point in time between the focal 

firm F1 and the network node N1 that 

provides specific sets of resources DR1 

to F1 and DR2 to network node N1. 

While benefits derived from D1 are dis-

tributed equally at the inception of the 

relation, for purposes of illustration, F1 

extracts larger relational rents as a 

result of F1’s superior absorptive ca-

pacity and relational capabilities. 

Moreover, although resources derived 

from DR1 and DR2 exhibit positive, al-

beit diminishing returns, upon reach-

ing an inflection point IP1 and IP2 re-

spectively the benefits obtained from 

DR1 and DR2 decline sharply in this 

exemplar. First, resource accumulation 

between t0 and t1 disproportionately 

increase resource stocks of F1. Howev-

er, upon reaching IP1 it may be rational 

for F1 to alter its relational tie to N1, 

whereas N1 may then still have an in-

terest in the relation in view of the 

resource gained from DR2. F1 may de-

cide to dissolve the relation. This in 

turn modifies network structure. 

Moreover, F1 may not be aware of the 

changing nature of its relation to N1 

(Simon 1959) or deliberately choose to 

maintain its relation in view of switch-

ing costs. More generally, the focal 

firms’ complex portfolio of discretely 

evolving relations impacts the amount 

                                                        

4 These patterns of network change include 
expansion, churning, strengthening and 
shrinking. 

of resources available for F1, which in 

turn impacts network structure. These 

sets of resources must not necessarily 

be superior to the one at t0. Indeed, it 

is widely accepted that network rela-

tions may become liabilities (Hage-

doorn/Frankort 2008) and exhibit di-

minishing returns (Deeds/Hill 1996). 

However, the processes by which this 

takes place and how this relates to 

network structure remains less clear.  

In the above described relation be-

tween F1 and N1, the changing quality 

of institutional selection environments 

may also play a central role as these 

changes may impact the level of latent 

institutional resources available for the 

focal firms’ and network nodes’ strate-

gic action. For the sake of parsimony 

and in reference to Koka et al. (2006) 

as well as Hall and Soskice (2001), we 

distinguish between resource abun-

dant and resource impoverished insti-

tutional environments (cf. Fig. 1). 

While resource abundance describes 

institutional environments that offer 

favourable bundles of latent institu-

tional resource (e.g. access to finance, 

qualified labour) and thus hospitable 

conditions for growth, impoverished 

institutional environments provide 

limited amounts of resources and may 

thus inhibit growth. This raises the 

question whether and how micro-

agents adapt their organizational ca-

pabilities and network relations to 

changing institutional selection envi-

ronments (Saviotti 2009: 21) and how 

this affects network structure as well 

as performance (e.g. outputs such as 

innovation, revenues). The interrela-

tion between institutional environ-

ments at multiple levels of innovation 

systems represents another central 

analytical dimension of the MMLS 

framework.   
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Figure 1: A framework for the analysis of the co-evolution of actors, networks and 

institutions 

 

 

Drawing on Hite and Hesterly (2001) 

we thus seek to analyze the evolution 

of organizational capabilities embed-

ded in inter-organizational networks 

as adaptation to changing resource 

requirements and resource acquisition 

challenges of the focal firm. Moreover, 

following these authors we conjecture 

here that resource challenges do not 

unidirectionally affect network evolu-

tion; network evolution also impacts 

the set of resources available to the 

firm in the future. That is, the relation 

between firms and their networks is 

co-evolutionary as is the relation be-

tween the focal firm and networks 

(Soda/Zaheer/Carlone 2008) as well as 

the institutional selection environ-

ment.  

 

 

 

6.3 Cross-level effects 

Having introduced some of the most 

relevant components of the proposed 

MMLS-perspective, the last section 

briefly turns to the expected cross-

level effects that this framework seeks 

to address. One basic assumption un-

derpinning multi-level theory is that 

understanding outcomes at one level 

of analysis requires researchers to 

account for the interrelations of this 

level with higher and lower levels of 

analysis (Kilduff/Tsai 2003). The direc-

tionality of interaction effects relates 

to top-down and bottom-up effects 

(e.g. Moliterno/Mahony 2011)5. Moreo-

                                                        

5 Due to space constraints, the notion of 
lateral interaction effects referring the in-
terplay between entities within a single 
level, for instance, interaction effects 
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ver, these interaction effects may be 

self-reinforcing over time. For in-

stance, Klein and Kozlowski (2000) 

argue that top-down effects at a cer-

tain point in time (t0) may change the 

structure of lower levels, thus altering 

the magnitude of bottom-up effects at 

a later point in time (t1). Over time this 

may cause self-reinforcing feedback 

loops (Arthur 1990) thus transforming 

small initial differences into macro-

level transformations (Hite 2008: 136).  

The most important cross-level effects 

are briefly sketched out here. Micro-

level bottom-up effects refer to the 

interplay between the focal firm and 

network nodes. In this case, research 

may target the ways in which the focal 

firm leverages its resources across a 

dyadic tie to pursue its proprietary 

strategy addressing the question how 

this affects performance of both inter-

acting parties as well as network struc-

ture. In turn, network structure and 

growth patterns emerge from the mul-

titude of relational ties the focal firm 

builds and adapts. Conversely, a first-

order top-down effect relates to the 

alterations to the network nodes’ 

properties that may impact the focal 

firms’ stock of resources. For instance, 

a change in the nodes’ relational strat-

egy from progressive to conservative 

may impact the amount of resources 

that are available for exchanges with 

the focal firm. The focal firm may then 

not be able to pursue its proprietary 

strategy requiring it to make a strate-

gic decision in terms of amending its 

own relational strategy and acquiring 

new stocks of resources by way of 

changing its portfolio of network ties.    

Higher-order top-down effects relate 

to meso- as well as macro-level top-

down effects affecting F1
6. Both levels 

                                                                   

among networks or among varied sectoral 
systems of innovation which are central to 
the notion of ‘transversality’ (Cooke 2012) 
cannot be addressed. 
6 For the sake of parsimony and to main-
tain coherence, this model does not refer 
to the interrelations between the macro- 

relate to the impact of industrial dy-

namics as well as the abundance or 

scarcity of latent institutional re-

sources on F1 and its NetworkF1. For 

instance, high levels of entry in turbu-

lent sectoral environments may trans-

late into a higher rate of network en-

tries thus changing network properties 

such as size, density, homophily and 

growth patterns and ultimately the set 

of resources available for F1. Moreover, 

an impoverished macro-institutional 

environment may have a bearing on 

the structure of F1’s network, possibly 

causing pockets of network nodes in 

said network to atrophy. From a MMLS 

perspective, one of the fundamental 

questions in this context relates to the 

ability of the focal firm to adapt to 

these changing environments and re-

produce its organizational capabilities 

embodied in its proprietary and net-

work-based resource generating and 

exploiting mechanisms.   

7 Conclusion  

The starting point of this paper has 

been the insufficient treatment of mi-

cro-diversity and agency in the litera-

ture on the varieties of capitalism 

(Hall/Soskice 2001). The varieties 

framework theorizes economic actors 

as homogeneous entities thus adopt-

ing a highly-stylized and static per-

spective of economic development 

reducing the scope of individual ma-

noeuvre as well as the inherent ten-

dency towards change in socio-

economic systems drastically (Prigo-

gine/Nicolis 1989; Saviotti 2009). This 

is unsatisfactory inasmuch as innova-

tive action, which may be seen as the 

“real expression and explanation of life 

force” (Cooke 2012: 5) as well as the 

central mechanism promoting adapta-

tion and renewal of systemic structure, 

emerges from complex interactions of 

                                                                   

and meso-level. Moreover, questions con-
cerning the bottom-up structuring of these 
respective levels cannot be taken into con-
sideration here. These may be more ade-
quately captured by simulation models.  
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heterogeneous agents at the micro-

level embedded in innovation net-

works (Ahrweiler 2010; Pyka/ 

Scharnhorst 2009). In search of an 

adequate analytical and conceptual 

framework that alleviates the tension 

between micro- and macro-analyses as 

well as static and evolutionary per-

spectives, networks were identified as 

the most promising candidate analyti-

cal device.  

However, it has been argued that net-

work approaches that focus primarily 

on structural elements to explain net-

work evolution lack a convincing ex-

planation of the mechanisms by which 

these structures come into existence 

and how they change. While these 

network analyses have engendered a 

variety of valuable insights, their con-

stituent components have been ana-

lyzed as homogeneous entities thus 

replicating the above delineated struc-

turalist determinism. For this reason, 

the analysis of agency in networks 

requires different analytical tools 

(Ahrweiler 2010). A recent review of 

some of the ‘grand theories’ of  system 

change argues in a similar vein (Cooke 

2012), that is, extant theoretical ap-

proaches including co-evolutionary 

transition theory (Geels 2004), resili-

ence approaches (e.g. Folke 2006) as 

well as approaches in evolutionary 

economic geography (Boschma/ 

Frenken 2003), lack explanatory power 

concerning the upward and downward 

causality of changing systemic proper-

ties as well as the micro-mechanisms 

that produce the fluctuations of aggre-

gate variables and systemic structure. 

This paper has sought to develop a 

tentative analytical framework that 

captures micro-diversity and agency 

on the one hand as well as incorporat-

ing processes at higher levels of aggre-

gation on the other. It has been argued 

that agency and structure co-evolve 

generating as well as incrementally 

altering multi-level systems of innova-

tion.  While acknowledging the bearing 

of institutional forces on micro-agents, 

this framework relaxes the structural-

ist determinism of institutional analy-

sis. Indeed, the main research interest 

of the proposed MMLS lies in unpack-

ing the co-evolution of micro-diversity 

within multi-level systems of innova-

tion. In this context, organizational 

capabilities play a central role. These 

capabilities may be embedded in net-

work trajectories that are shaped by 

geographical factors (Glückler 2007) as 

well as institutional selection envi-

ronments (Essletzbichler/Rigby 2010; 

Hall/Soskice 2001; Malerba 2004; 

Cooke 1992). This approach thus 

draws attention to the nonlinearity of 

the co-evolution of capabilities, net-

works and institutions, wherein organ-

izational capabilities are emergent 

properties of firm-internal as well as 

latent resources available at the firms’ 

exterior. The interplay between the 

firms’ direct environment relating to its 

network relations and its more remote 

environment referring  to  the meso- 

(sectoral and regional systems of inno-

vation) as well as the national institu-

tional framework at the macro-level, is 

afforded an important position in this 

framework. To avoid deterministic 

interpretations of the resources pro-

vided by institutional structure, the 

notion of latent institutional resources 

directs the analytical focus towards the 

variegated sets of resources that are 

potentially available at different levels 

of innovation systems. In the competi-

tion for these resources, micro-agents 

exhibit heterogeneous capabilities. 

This in turn causes a considerable de-

gree of heterogeneity at the micro-

level. Moreover, as a means of survival 

micro-agents pursue varying proprie-

tary and network strategies to build 

and sustain their resource generating 

and leveraging mechanisms in compet-

itive environments. Micro-agents and 

their organizational capabilities as 

carriers of the competitive process 

(Saviotti/Noteboom 2000) thus co-

evolve with institutional selection envi-

ronments. The meso-level and in par-

ticular, regional systems of innovation, 
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may play a central role as selection 

environments and resource facilitators 

by jointly fostering the emergence of 

micro-diversity. Moreover, autocatalyt-

ic processes may turn micro-level dif-

ferences into meso-structures and 

promote the transformation of entire 

systems.  

Clearly, the framework outlined here is 

at its inception. With regards to meth-

odology, in-depth comparative case 

studies (Eisenhardt 1989) may sup-

plement quantitative ego-centered 

network analyses by providing detailed 

analyses of individual components of 

the framework sketched out here. For 

instance, these systematic case studies 

could address the evolution of a focal 

firm’s proprietary and network strategy 

and its resource generating and lever-

aging mechanisms and their impact on 

network structure across different en-

vironmental settings. These analyses 

may provide very detailed information 

on the behavioural patterns of specific 

micro-agents which may elucidate the 

ample scope of strategic manoeuvre 

feeding into actor-based simulation 

models (Ahrweiler 2010). 

8 References  

Ahlstrom, David/Gary D. Bruton, 2006: 
Venture Capital in Emerging Eco-
nomies: Networks and Institutional 
Change. In: Entrepreneurship and Prac-
tice 30: 299-320.   

Ahrweiler, Petra/Gilbert, Nigel/Andreas 
Pyka, 2006: Institutions matter 
but…Organisational Alignment in 
Knowledge-based Industries. In: Sci-
ence, Technology and Innovation Stud-
ies 2:39-58. 

Ahrweiler, Petra, 2010: Innovation in com-
plex social systems. An introduction. In: 
Petra Ahrweiler (ed.): Innovation in 
complex social systems. London: 
Routledge: 1-25. 

Akkermans, Dirk, et al, 2009: Do ‘Liberal 
Economies’ really innovate more radi-
cally than ‘Coordinated Market Econo-
mies’? Hall and Soskice reconsidered. 
In: Research Policy 38: 181-192.  

Allen, Matthew, 2004:  The Varieties of 
Capitalism Paradigm: Not Enough Vari-
ety? In: Socio-Economic Review 2: 87-
108. 

Arthur, W. Brian, 1990: Positive feedbacks 
in the economy. In: Scientific American 
262(2): 92-99 

Asheim, Bjørn, T./Lars Coenen, 2005: 
Knowledge bases and regional innova-
tion systems: Comparing Nordic clus-
ters. In: Research Policy 34(8): 1173-
1190. 

Asheim, Bjørn, T./Meric S. Gertler, 2005: 
The Geography of Innovation. Regional 
Innovation Systems. In: Jan Fager-
berg/David C. Mowery/Richard R. Nel-
son (eds.): The Oxford Handbook of In-
novation. Oxford: Oxford University 
Press: 291-317. 

Asheim, Bjørn, T./Lawton Smith, Hel-
en/Christine Outghton, 2011:  Regional 
Innovation Systems: Theory, Empirics 
and Policy. In: Regional Studies 45: 
875-891.  

Audretsch, David, B./Maryann P. Feldman, 
1996: Innovative Clusters and the In-
dustry Life Cycle. In: Review of Industri-
al Organization 11: 253-273.  

Barabási, Albert-László/Réka Albert, 1999: 
Emergence of scaling in random net-
works. In: Science 286(15): 509-512. 

Barney, Jay. B., 1991: Firm Resources and 
Sustained Competitive Advantage. In: 
Journal of Management 17: 99-120.  

Bathelt, Harald/Malmberg, Anders/Peter 
Maskell, 2004: Clusters and knowledge: 
local buzz, global pipelines and the 
process of knowledge creation. In: Pro-
gress in Human Geography 28(1): 31-
56. 

Baum, Joel, A.C./Timothy J. Rowley (eds.), 
2008: Advances in strategic manage-
ment – network strategy. Bingley: Em-
erald Publishing.  

Bergenholtz, Carsten/Christian Waldström, 
2011: Inter-organizational Network 
Studies – a Literature Review. In: Indus-
try and Innovation 18: 539-562.   

Borgatti, Steve P./Pacey C. Foster, 2003: 
The Network Paradigm in Organiza-
tional Research: A Review and Typolo-
gy. In: Journal of Management 29: 991-
1013.  

Borgatti, Steve P., et al., 2009:  Network 
Analysis in the Social Sciences. In: Sci-
ence 323: 892-895. 

Boschma, Ron, A./Koen Frenken, 2003: 
Evolutionary economics and industry 
location. In: Review of Regional Re-
search 23: 183-200.  

Boschma, Ron, A., 2005:  Proximity and 
Innovation: A critical Assessment. In: 
Regional Studies 39: 61-74.  



66 

 

STI Studies, Vol. 9, No. 1, September 2013: 45-70  

 

 

Boschma, Ron, A./Ron Martin, 2010: The 
handbook of evolutionary economic ge-
ography. Cheltenham: Edward Elgar.  

Braczyk, Hans-Joachim/Cooke, Phil-
ip/Martin Heidenreich (eds.), 1998: Re-
gional Innovation Systems: The Role of 
Governance in a Globalized World. Lon-
don: UCL. 

Breschi, Stefano/Franco Malerba, 1997: 
Sectoral Systems of Innovation: Tech-
nological Regimes, Schumpeterian Dy-
namics and Spatial Boundaries. In: 
Charles Edquist, (ed.): Systems of Inno-
vation. Technologies, Institutions and 
Organizations. London: Pinter, 130-156 

Breschi, Stefano, et al., 2000:  Technologi-
cal regimes and schumpeterian patterns 
of innovation. In: The Economic Journal 
110, 388-410. 

Butzin, Anna/Rehfeld, Dieter/Brigitta Wid-
maier (ed.) 2012: Innovationsbiogra-
phien. Räumliche und sektorale Dyna-
mik. Baden-Baden: Nomos.  

Burt, Ronald, S., 1992: Structural holes: the 
social structure of competition. Cam-
bridge, MA: Harvard University Press.  

Camagni, Roberto, 1991: Local ‘milieu’, 
uncertainty and innovation networks. 
Towards a new dynamic theory of eco-
nomic space. In: Roberto Camagni, 
(ed.): Innovation Networks. Spatial Per-
spectives. London: Belhaven Press: 121-
144. 

Casper, Steven, 2006: Exporting Silicon 
Valley to Europe: How useful is com-
parative Institutional Theory? In: Jerald 
Hage/Marius Meeus, (eds.): Innovation, 
Science, and institutional change: A Re-
search Handbook. Oxford: Oxford Uni-
versity Press: 483-501. 

Cohen Wesley M./Daniel A. Levinthal, 1990: 
Absorptive capacity: a new perspective 
on learning and innovation. In: Admin-
istrative Science Quarterly 35: 128-152. 

Cooke, Philip, 1992:  Regional Innovation 
Systems: Competitive Regulation in the 
new Europe. In: Geoforum 23: 365-382. 

Cooke, Philip, 2001:  Regional Innovation 
Systems, Clusters, and the Knowledge 
Economy. In: Industrial and Corporate 
Change 10: 945-974. 

Cooke, Philip, 2012: Complex adaptive sys-
tems. London: Routledge.  

Coriat, Benjamin, et al., 2004: The Interna-
tional Performance of European Sec-
toral Systems of Innovation. In: Franco 
Malerba (ed.), Sectoral Systems of Inno-
vation. Concepts, Issues and Analyses of 
six major Sectors in Europe. Cambridge: 
Cambridge University Press: 388-426.  

Coriat, Benjamin/Olivier Weinstein, 2004: 
National Institutional Frameworks, In-
stitutional Complementarities and Sec-
toral Systems of Innovation. In: Franco 
Malerba (ed.), Sectoral Systems of Inno-
vation. Concepts, Issues and Analyses of 
six major Sectors in Europe. Cambridge: 
Cambridge University Press: 325-343. 

Dierickx, Ingemar./Karel Cool, 1989:  Asset 
Stock Accumulation and Sustainability 
of Competitive Advantage. In: Manage-
ment Science 35: 1504-1511. 

DiMaggio, Paul (2001): The twenty-first-
century firm. Changing economic organ-
ization in international perspective. 
Princeton: Princeton University Press.  

Deeds, David/Charles, W. L. Hill, 1996: 
Strategic alliances and the rate of new 
product development: an empirical 
study of entrepreneurial firms. In: Jour-
nal of Business Venturing 11(1): 41-55 

Deeg, Richard./Gregory Jackson, 2007: 
Towards a more dynamic theory of cap-
italist variety. In: Socio-Economic Re-
view 5: 149-179. 

Doloreux, David./Saeed Parto, 2005:  Re-
gional Innovation Systems: Current 
Discourse and unresolved Issues. In: 
Technology in Society 27: 133-155.  

Doreian, Patrick/Frans N. Stokman 2005: 
The dynamics and evolution of social 
networks. In: Patrick Doreian/Frans, N. 
Stokman (ed): Evolution of social net-
works. New York: Gordon and Breach: 
1-17.  

Doreian, Patrick (2008): Actor utilities, 
strategic action and network evolution. 
In: Joel, A. C. Baum/Timothy J. Rowley. 
(ed.): Advances in strategic management 
– network strategy. Bingley: Emerald 
Publishing: 247-271.  

Dosi, Giovanni, 1990: Finance, Innovation 
and Industrial Change. In: Journal of 
Economic Behavior and Organization 
13: 299-319.  

Dyer, Jeff. H./Harbir Singh, 1998: The Rela-
tional View: Cooperative Strategy and 
Sources of Interorganizational Compet-
itive Advantage. In: Academy of Man-
agement Review 23: 660–679. 

Edquist, Charles/Björn Johnson, 1997: In-
stitutions and organisations in systems 
of innovation. In: Charles Edquist (ed.): 
Systems of innovation: technologies, in-
stitutions and organizations. London: 
Pinter: 41-63. 

Eisenhardt, Kathleen, M., 1989: Building 
theories from case study research. In: 
Academy of Management Review 14(4): 
532-550. 

Essletzbichler, Jürgen/David, L, Rigby, 
2010: Generalized Darwinism and evo-



Kahl: Micro-theoretical Perspective of Multi-Level Systems of Innovation  

 

 

67 

lutionary economic geography. In: 
Boschma Ron, A./Martin, Ron (eds.): 
The handbook of evolutionary econom-
ic geography. Cheltenham: Edward El-
gar: 43-61. 

Feldman, Maryann, P., et al., 2006: Univer-
sity technology transfer and national 
systems of innovation: Introduction to 
the Special Issue of Industry and Inno-
vation. In:  Industry and Innovation 13, 
Special Issue: 359-370.  

Folke, Carl, 2006: Resilience: the emer-
gence of a perspective for social-
ecological systems analyses. In: Global 
Environmental Change 16: 253-267. 

Freeman, Christopher, 1987: Technology 
Policy and Economic Performance – 
Lessons from Japan. London: Pinter.   

Fuchs, Christian 2003: Structuration theory 
and self-organization. In: Systemic 
Practice and Action Research 16(2): 
133-167. 

Geels, Frank, W., 2004: From sectoral sys-
tems of innovation to socio-technical 
systems. Insights about dynamics and 
change from sociology and institutional 
theory. In: Research Policy 33: 897-920. 

Giddens, Anthony, 1984: The constitution of 
society. Cambridge: Polity Press.   

Giuliani, Elisa, 2005: Cluster absorptive 
capacity: why do some clusters forge 
ahead and others lag behind? In: Euro-
pean Urban and Regional Studies 12(3): 
269-288.    

Giuliani, Elisa, 2010: Clusters, networks 
and economic development. An evolu-
tionary economics perspective. In: Ron, 
A., Boschma/Ron Martin (eds), The 
Handbook of Evolutionary Economic 
Geography. Cheltenham: Edward Elgar: 
261-279. 

Glückler, Johannes 2007: Economic geog-
raphy and the evolution of networks. 
In: Journal of Economic Geography 7(5): 
619-634. 

Grabher, Gernot, 1993: The weakness of 
strong ties – the lock-in of regional de-
velopment in the Ruhr area. In: Gernot 
Grabher (ed.): The embedded firm. Lon-
don: Routledge: 255-277. 

Granovetter, Mark, 1985: Economic action 
and social structure: The problem of 
embeddedness. In: The American Jour-
nal of Sociology 91: 481-510.  

Grant, Robert, M., 1991: The resource-
based theory of competitive advantage: 
Implications for strategy formulation. 
In: California Management Review 33: 
114-135. 

Gulatti, Ranjay, et al., 2000: Strategic net-
works. In: Strategic Management Jour-
nal 21: 203-215.  

Haeussler, Carolin, 2011: The determinants 
of commercialization strategy: Idiosyn-
crasies in British and German biotech-
nology. In: Entrepreneurship Theory 
and Practice 34: 653-681.  

Hagedoorn, John/Hans, T.,W. ,Frankort, 
2008: The gloomy side of embed-
dedness: The effects of overembed-
dedness on inter-firm partnership for-
mation. In: Joel, A.C. Baum,/Timothy, J. 
Rowley (ed.): Network strategy. Bingley: 
Emerald Publishing.  

Hall, Peter/David Soskice, 2001: Varieties of 
capitalism. The institutional foundations 
of comparative advantage. Oxford: Ox-
ford University Press. 

Hancké, Bob., et al., 2009: Beyond varieties 
of capitalism. In: Hancké, B. (ed.): De-
bating varieties of capitalism. Oxford: 
Oxford University Press: 273-300. 

Hirsch-Kreinsen, Hartmut, 2011: Financial 
market and technological innovation. 
In: Industry and Innovation 18: 351-
368.  

Hite, Julie, M./William, S., Hesterly, 2001: 
The evolution of firm networks: from 
emergence to early growth of the firm. 
In: Strategic Management Journal 22(3): 
275-286. 

Hite, Julie, M., 2003: Patterns of multi-
dimensionality among embedded net-
work ties: A typology of relational em-
beddedness in emerging entrepreneuri-
al firms. In: Strategic Organization 1(1): 
9-49.  

Hite, Julie, M., 2008: The role of dyadic 
multi-dimensionality in the evolution of 
strategic network ties. In: Joel, A.,C., 
Baum/Timothy, J., Rowley (eds.), 2008: 
Advances in strategic management – 
network strategy. Bingley: Emerald Pub-
lishing: 133-170. 

Hollingsworth, Rogers, J., et al., 1994: Gov-
erning capitalist economies: perfor-
mance and control of economic sectors. 
Oxford: Oxford University Press.  

Hollingsworth, Rogers. J., 2000:  Doing 
Institutional Analysis: Implications for  
the study of innovations. In: Review of 
International Political Economy 7: 595-
644. 

Ibarra, Herminia/Kilduff, Martin/Wenpin 
Tsai, 2005: Zooming in and out: con-
necting individuals and collectivities at 
the frontiers of organizational network 
research. In: Organization Science 
16(4): 359-371.   

Jaffe, Adam/Trajtenberg, Manuel/Rebecca 
Henderson, 1993: Geographic localiza-
tion of knowledge spillovers as evi-
denced by patent spillovers. In: Quar-



68 

 

STI Studies, Vol. 9, No. 1, September 2013: 45-70  

 

 

terly Journal of Economics 108(3): 577-
598. 

Kaufmann, Stuart, A., 1993: The origins of 
order. Self-organization and selection in 
evolution. Oxford: Oxford University 
Press.  

Kaufmann, Stuart, A., 2008: Reinventing the 
sacred. New York: Basic Books.  

Kilduff, Martin, R./Wenpin Tsai, 2003: So-
cial networks and organizations. Lon-
don: Sage.  

Klein, Katherine, J./Steve W. Kozlowski, 
2000: Multilevel theory, research and 
methods in organizations. San Francis-
co: Jossey-Bass.  

Kogut, Bruce, 2000:  The Network as 
knowledge: Generative rules and the 
emergence of structure. In: Strategic 
Management Journal 21: 405-425. 

Koka, Balaji, R./Madhavan, Ravin-
dranath/John E. Prescott, 2006: The 
evolution of interfirm networks: envi-
ronmental effects on patterns of net-
work change. In: Academy of Manage-
ment Review 31(3): 721-737. 

Krugman, Paul, 1991: Increasing returns 
and economic geography. In: Journal of 
Political Economy 99(3): 483-499.  

Kudic, Muhamed/Pyka, Andreas/Jutta Gün-
ther, 2012: Determinants of evolution-
ary change processes in innovation net-
works – empirical evidence from the 
German laser industry. Discussion Pa-
pers No. 7, July 2012: IWH Discussion 
Paper: Halle Institute for Economic Re-
search.    

Lange, Knut, 2009: Institutional embed-
dedness and the strategic Leeway of ac-
tors: the case of the German therapeu-
tical biotech industry. In: Socio-
Economic Review 7: 181-207. 

Larson, Andrea, 1992: Network dyads in 
entrepreneurial settings: a study of the 
governance of exchange relations. In: 
Administrative Science Quarterly 37: 76-
104. 

Lavie, Dovev/Lori, Rosenkopf, 2006: Bal-
ancing exploration and exploitation in 
alliance formation. In: Academy of 
Management Journal 49(6): 797-818.  

Levine, Ross/Robert G. King 1993: Finance 
and growth: Schumpeter might be right. 
In: The Quarterly Journal of Economics 
108(3): 717-736. 

Levinthal, Daniel, A./James G. March, 1993: 
The myopia of learning. In: Strategic 
Management Journal of Economic Be-
havior & Organization 14: 95-112. 

Lewin, Arie, Y./Henk W. Volberda, 1999: 
Prolegenoma on coevolution: A frame-
work for research on strategy and new 

organizational forms. In: Organizational 
Science 10(5): 519-534. 

Lundvall, Bengt-Åke, 1992:  National sys-
tems of innovation: Towards a theory of 
innovation and interactive learning. 
London: Pinter.  

Mahoney, Joseph .T./Rajendran J. Pandian, 
1992: The Resource-based view within 
the conversation of strategic manage-
ment. In: Strategic Management Jour-
nal: 363-380.  

Malerba, Franco, 2002:  Sectoral systems of 
innovation and production. In: Re-
search Policy 31: 247-264. 

Malerba, Franco (ed.), 2004: Sectoral sys-
tems of innovation. Concepts, issues 
and analyses of six major sectors in Eu-
rope. Cambridge: University Press.   

Malerba, Franco/Luigi Orsenigo, 1997: 
Technological regimes and sectoral pat-
terns of innovative activities. In:  Indus-
trial and Corporate Change 6: 83-117.  

March, James, G., 1991: Exploration and 
exploitation in organisational learning. 
In: Organisation Science 2(1): 71-87. 

Marshall, Alfred, 1890: Principles of eco-
nomics: An introductory volume. Lon-
don: MacMillan.  

Martin, Ron/Peter Sunley, 2006: Path de-
pendence and regional economic geog-
raphy. In: Journal of Economic Geogra-
phy 6(4): 395-437. 

Maskell, Peter, 1997:  Industrial Geogra-
phy: Location and Learning. In: Pro-
gress in Human Geography 21: 573-582.
  

Matutinovic, Igor, 2005: The microeconom-
ic foundations of business cycles: from 
institutions to autocatalytic networks. 
In: Journal of Economic Issues 39(4): 
867-898. 

Mayer, Colin, 2002: Financing the new 
economy: Financial institutions and 
corporate governance. In:  Information 
Economics and Policy 14: 311-326.  

Menzel, Max-Peter/Dirk Fornahl, 2010: 
Cluster life cycles-dimensions and ra-
tionales of cluster evolution. In: Indus-
trial and Corporate Change 19(1): 205-
238. 

Meyer, John W./Brian Rowan, 1977:  Insti-
tutional organizations: Formal structure 
as myth and ceremony. In: American 
Journal of Sociology 83: 340-363.   

Moliterno, Thomas, P./Douglas M. Mahony, 
2011: Network theory of organization. A 
multilevel approach. In: Journal of Man-
agement 20(10): 1-25. 

Mowery, David C. (ed.), 1998: International 
Collaborative Ventures in U.S. Manufa-
turing. Cambridge: Ballinger.   



Kahl: Micro-theoretical Perspective of Multi-Level Systems of Innovation  

 

 

69 

Murman, Johann, P., 2003: Knowledge and 
competitive advantage: the coevolution 
of firms, technology, and national insti-
tutions. Cambridge: Cambridge Univer-
sity Press.   

Mytelka, Lynn K., (ed), 1991, Strategic 
partnerships and the world economy. 
London: Pinter.  

Nelson, Richard. R., 1991: Why do firms 
differ, and how does it matter? In: Stra-
tegic Management Journal 12: 61-74.  

Nelson, Richard, R., 1992: National innova-
tion systems. A retrospective on a 
study: In: Industrial and Corporate 
Change 1: 347-374. 

Nelson, Richard, R., 1993:  National innova-
tion systems: A comparative analysis. 
Oxford: Oxford University Press. 

Nelson, Richard/Sydney Winter 1982: An 
evolutionary theory of economic change. 
Harvard University Press.  

Organization for Economic Co-operation 
and Development 1996: The knowledge-
based economy. Paris: OECD.  

O`Sullivan, Mary, 2005: Finance and inno-
vation. In: Jan Fagerberg/David C. 
Mowery/Richard R. Nelson (eds.): The 
Oxford Handbook of Innovation. Oxford: 
Oxford University Press: 240-265. 

Padgett, John, F./Walter W. Powell, 2012: 
The emergence of organizations and 
markets. Princeton University Press: 
Princeton.  

Parkhe, Arvind/Wasserman, Stanley/David 
A. Ralston, 2006: New frontiers in net-
work theory development. In: Academy 
of Management Review 31(3): 560-568. 

Peck, Jamie/Nik Theodore, 2007: Variegated 
capitalism. In: Progress in Human Ge-
ography 31: 731-772.  

Penrose, Edith T., 1959: The theory of the 
growth of the firm. New York: Wiley.   

Polany, Michael, 1966: The logic of tacit 
interference. In: Philosophy 41(1), 1-18. 

Porter, Michael, E., 1990: The competitive 
advantages of nations. New York: The 
Free Press. 

Porter, Michael, E., 1998:  On competition. 
Boston: The Harvard Business School 
Publishing.  

Porter, Michael, E./Richard E. Caves, 1977: 
From entry barriers to mobility barriers: 
Conjectural decisions and contrived de-
terrence to new competition. In: Quar-
terly Journal of Economics 91: 241-262. 

Powell, Walter, W. 1990: Neither market 
nor hierarchy: Network forms of organ-
ization. In: Research in Organizational 
Behavior 12: 295-336.  

Powell, Walter, W., et al., 2005: Network 
dynamics and field evolution: The 
growth of interorganizational collabo-
ration in the life sciences. In: American 
Journal of Sociology 110, 1132-1205. 

Prigogine, Ilyia/Grégoire Nicolis, 1989: 
Exploring complexity. New York: Free-
man.  

Pyka, Andreas/Günter Küppers (eds.), 2002: 
Innovation networks – theory and prac-
tice. Cheltenham: Edward Elgar.  

Pyka, Andreas/Andrea Scharnhorst (eds.), 
2009: Innovation networks. New ap-
proaches in modelling and analyzing. 
Heidelberg: Springer.  

Saviotti, Pier P./Bart Noteboom (eds.), 
2000: Technology and knowledge: from 
the firm to innovation systems. Chel-
tenham: Edward Elgar.  

Saviotti, Pier, P., 2009: Knowledge net-
works: Structure and dynamics. In: An-
dreas Pyka/Andrea Scharnhorst (eds.): 
Innovation networks. New approaches 
in modelling and analyzing. Heidelberg: 
Springer, 19-41. 

Saviotti, Pier, P., 2010: Complexity, the co-
evolution of technologies and institu-
tions and the dynamics of socio-
economic systems. In: Petra Ahrweiler 
(ed.): Innovation in complex social sys-
tems. London, Routledge: 57-69.   

Schumpeter, Joseph, A., 1942: Capitalism, 
socialism and democracy. New York: 
Harper.  

Simon, Herbert, A., 1959: Theories of deci-
sion making in economics and behav-
ioural science. In: American Economic 
Review 49(3): 253-283.  

Soda, Giuseppe/Zaheer, Akbar/ Alessandra 
Carlone, 2008: Imitative behavior: net-
work antecedents and performance 
consequences. In: Joel, A., 
Baum/Timothy, J., Rowley, (ed.): Ad-
vances in strategic management – net-
work strategy. Bingley: Emerald Pub-
lishing: 531-560. 

Strambach, Simone, 2010: Path Depend-
ence and path plasticity: the co-
evolution of institutions and innovation 
– the German customized business 
software industry. In: Ron A. 
Boschma/Ron Martin, (eds): The hand-
book of evolutionary economic geogra-
phy. Cheltenham: Edward Elgar: 406-
431. 

Taylor, Mark, Z., 2004: Empirical evidence 
against varieties of capitalism’s theory 
of technological innovation. In: Interna-
tional Organization 58: 601-631.  

Teece, David, J., 1991: Competition, coop-
eration, and innovation. In: Journal of 



70 

 

STI Studies, Vol. 9, No. 1, September 2013: 45-70  

 

 

Economic Behaviour and Organization 
18: 1-25. 

Teece, David, J., et al., 1997: Dynamic ca-
pabilities and strategic management. 
In: Strategic Management Journal 18: 
509-533.  

Ter Wal, Anne, L.J./Ron A. Boschma, 2005: 
Co-evolution of firms, industries and 
networks in space. In: Regional Studies 
45(7): 919-933. 

Tödtling, Franz/Michaela Trippl, 2011:  
Regional innovation systems. In: Philip 
Cooke et al. (eds.), Handbook of region-
al innovation and growth. Cheltenham: 
Edward Elgar: 455-466.  

Tylecote, Andrew/Emmanuelle Conesa, 
1999: Corporate governance, innova-
tion systems and industrial perfor-
mance. In: Industry and Innovation 6: 
25-50. 

Ulanowicz, Robert, E. 1997: Life after New-
ton: An ecological metaphysic. In: Bio-
Systems 50(1): 127-142.  

Vitols, Sigurt, 2001:  Varieties of Corporate 
Governance: comparing Germany and 
the UK. In: Peter Hall/David Soskice 
(eds.), Varieties of Capitalism. The Insti-
tutional Foundations of Comparative 
Advantage. Oxford: Oxford University 
Press: 337-360 

Voelzkow, Helmut, 2007: Jenseits nationa-
ler Produktionsmodelle? Die Governance 
regionaler Wirtschaftscluster. Marburg: 
Metropolis.  

Volberda, Henk, W./Arie Y. Lewin, 2003: Co-
evolutionary dynamics within and be-
tween firms: from evolution to co-
evolution. In: Journal of Management 
Studies 40(8): 2111-2136. 

Watts, Duncan J./Steven H. Strogatz, 1998: 
Collective dynamics of ‘small world 
networks’. In: Nature 393(6684): 409-
410. 

Wernerfelt, Birger, 1984: A resource-based 
view of the firm. In: Strategic Manage-
ment Journal 5: 171-180. 

Whitley, Richard, 2007: Business systems 
and organizational capabilities. The in-
stitutional structuring of competitive 
competences. Oxford: Oxford University 
Press.  

 


	ContentSTIVol9No1.pdf
	blah
	VanOudheusdenLaurentSTI2013FormatedFinal
	Michiel van Oudheusden (Université de Liège, michiel.vanoudheus-den@ulg.ac.be)
	Brice Laurent (MINES ParisTech, brice.laurent@mines-paristech.fr)
	1  Introduction
	2 Two trajectories through participation
	2.1 Author 1: From process to critique
	Questioning the smart environment
	Principlism versus narrative ethics
	Disrupting participation: critical normativity

	2.2 Author 2: Experimenting with mediation
	Giving voice and negotiating a position
	An ANT derived mode of normative engagement
	Accounting for trajectories across modes


	Table 1: A process mode of normative engagement
	Table 2: A critical mode of normative engagement
	Table 3: An ANT derived mode of normative engagement
	3 Experimental normativity
	3.1 Reflection-in-action
	3.2 Against relativism
	3.3 The political value of experimental normativity

	4 Conclusion
	5 Acknowledgments
	6 References

	Schulz-SchaefferSTI2013formated(MM)
	Ingo Schulz-Schaeffer (University of Duisburg-Essen,
	schulz-schaeffer@uni-due.de)
	1  Introduction
	2 Visions: the future concepts of radical innovations
	3 Effects and uses of visions in the innovation process
	3.1 Mobilizing and coordinating actors, interests, and resources
	3.2 Guiding research and development activities
	3.3 Prospective technology assessment

	4 Integrative capacity and lack of concreteness
	5 Scenarios: specified conceptions of technological future
	6 Types of scenarios
	7 Visions und Scenarios in Ubiquitous Computing and Nanotechnology
	8 Effects and uses of scenarios in the innovation process
	8.1 Mobilizing and coordinating actors, interests, and resources
	8.2 Guiding research and development activities
	8.3 Prospective technology assessment

	9 Outline of a research program
	10 References

	135-494-4-CE-2 (1)
	Julian Kahl (Ruhr University Bochum, julian.kahl@rub.de)
	Abstract
	1  Introduction
	2 Varieties of capitalism
	2.1  National institutional domains
	2.2  Pitfalls of the varieties of capitalism framework
	3 Rationales for a micro-theore-tical perspective of multi-level systems
	4 Micro-theoretical foundations of MLS
	4.1   Theory of the firm
	4.2  Dyadic relations and networks
	5 Meso-level
	5.1  Sectoral systems of innovation
	5.2  Regional systems of innovation
	6 Towards a micro-theoretical framework of multi-level systems
	6.1  The co-evolution of structure and agency
	6.2  Central pillars of a micro-theore-tical framework of MLS
	6.3 Cross-level effects
	7 Conclusion
	8 References


