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Abstract

This paper offers a systematic reflection on the Gibbons—Nowotny notion of ‘Mode 2 knowledge production’. We review its
reception in scientific literature and compare it with seven alternative diagnoses of changing science systems. The ‘Mode 2’ diagnosis
identifies a number of important trends that require further empirical efforts, but it suffers from severe conceptual problems. It is
time to untie its five major constitutive claims and investigate each separately.
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1. Introduction

Science systems are said to be in transformation. Last
two decades various studies have pointed to a variety of
changes, such as an increasing orientation of science sys-
tems towards strategic goals (Irvine and Martin, 1984)
and the production of relevant knowledge (Béhme et al.,
1983; Gibbons et al., 1994). A variety of approaches
to understand, explain, and, perhaps, extrapolate such
trends have emerged, but none of them is uncontested.
Probably the most famous account of a transformation
is the concept of ‘Mode 2’ knowledge production. This
notion refers to a set of putative changes that are intro-
duced in The New Production of Knowledge (Gibbons
et al., 1994). The book sketches the emergence of a
research system that is highly interactive and ‘socially
distributed’. The basic argument is that, while knowl-
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edge production used to be located primarily in scientific
institutions and structured by scientific disciplines, its
locations, practices and principles are now much more
heterogeneous. Mode 2 knowledge is produced ‘in the
context of application’ by so-called transdisciplinary
collaborations. Moreover, scientists are more reflexive
and they operate according to different quality criteria
when compared with the traditional disciplinary mode.
The new mode of knowledge production has been coined
‘Mode 2’, and it is not believed to replace Mode 1, but
to supplement it." Table 1 gives a summary of the basic
claims in a well-known format.

In the decade since its launch by Michael Gibbons,
Camille Limoges, Helga Nowotny, Simon Schartzman,
Peter Scott and Martin Trow, the ‘Mode 2’ concept
has gained an enormous visibility in the reflection on

! “This new mode — Mode 2 — is emerging alongside the traditional
disciplinary structure of science and technology—Mode 1’ (NPK, p.
14).
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Table 1

Attributes of Mode 1 and Mode 2 knowledge production

Mode 1 Mode 2

Academic context Context of application
Disciplinary Transdisciplinary

Homogeneity Heterogeneity

Autonomy Reflexivity/social accountability

Traditional quality
control (peer review)

Novel quality control

contemporary scientific practice. The notion of ‘Mode
2’ is referred to in over 1000 scientific articles’ and
seems to have influenced science, technology and
innovation policies.> During the same period, however,
scholars have written numerous critical papers to contest
the claims and the use of the Mode 2 concept, some on
a theoretical basis, others supported by empirical data.
We think it is time for reconsideration of the idea of a
science system in transformation and we will use the
claims and contestations of the Mode 2 concept as an
entrance point. To what extent is this concept helpful in
describing and explaining current changes in scientific
practice? What does it add to other approaches? What
are the most relevant questions to address when one is
interested in the transformation of science systems?
We will follow two routes, one direct, and the other
indirect. First, the indirect route is to compare and con-
trast the Mode 2 diagnosis with a number of alternative
accounts of current changes in scientific practice (Sec-
tion 3), such as Triple Helix (Etzkowitz and Leydesdortf,
2000), post-normal science (Funtowicz and Ravetz,
1993) and strategic research (Rip, 2004). We will address
both agreements and differences between ‘The New Pro-
duction of Knowledge’ (NPK) — the book in which the
notion of Mode 2 has been coined — and the alternatives.
This step will make clear about which characteristics of
the science system the different diagnoses make claims
and it will show to what extent the claims of NPK agree
with claims made by other authors. The second, direct
route is to review and evaluate the numerous reactions
to ‘The New Production of Knowledge’. After a dis-
cussion of its general reception (Section 4), a number
of critical reactions are addressed (Section 5). The main
objections that we found in the literature will be grouped
under three headings: criticism regarding the empirical
validity, the conceptual strength, and the political value

2 Scopus search on January 18, 2007.

3 In Canada, for instance, the creation of Networks of Centre’s of
Excellence aimed at ‘facilitating Mode 2 networks’ (Fisher et al.,
2001).

of NPK. Consequently, the strong and weak points of the
original Mode 2 claims can be determined. We will con-
clude with a statement about the strength and suitability
of the Mode 2 concept and with a list of topics concern-
ing the transformation of science systems that deserve
further study. First, however, we will summarise the two
main publications by the creators of the concept (Section
2).

2. The new production of knowledge: Mode 2

The notion of Mode 2 knowledge production is coined
in The New Production of Knowledge (Gibbons et al.,
1994). This volume constitutes the outcome of a col-
laborative research project conducted by six prominent
scholars in the field of science (policy) studies: Michael
Gibbons, Camille Limoges, Helga Nowotny, Simon
Schwartzman, Peter Scott, and Martin Trow. The work
was originally commissioned by the Swedish Council
for Research and Planning, FRN, aiming to get a view
on the future of universities.

The main proposition of the study is the emergence
of a knowledge production system that is ‘socially
distributed’. While knowledge production used to be
located primarily at scientific institutions (universities,
government institutes and industrial research labs) and
structured by scientific disciplines, its new locations,
practices and principles are much more heterogeneous.
To clarify this assertion the authors introduce a distinc-
tion between Mode 1 knowledge production, which has
always existed, and Mode 2 knowledge production, a
new mode that is emerging next to it and is becoming
more and more dominant. Five main attributes of Mode
2 summarise how it differs from Mode 1 (see Table 1).

First, Mode 2 knowledge is generated in a context
of application. Of course, Mode 1 knowledge can also
result in practical applications, but these are always sep-
arated from the actual knowledge production in space
and time. This gap requires a so-called knowledge trans-
fer. In Mode 2, such a distinction does not exist. A
second characteristic of Mode 2 is transdisciplinarity,
which refers to the mobilisation of a range of theoret-
ical perspectives and practical methodologies to solve
problems. Transdisciplinarity goes beyond interdisci-
plinarity in the sense that the interaction of scientific
disciplines is much more dynamic. Once theoretical
consensus is attained, it cannot easily be reduced to dis-
ciplinary parts. In addition, research results diffuse (to
problem contexts and practitioners) during the process
of knowledge production. Thirdly, Mode 2 knowledge is
produced in a diverse variety of organisations, resulting
in a very heterogeneous practice. The range of poten-
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tial sites for knowledge generation includes not only
the traditional universities, institutes and industrial labs,
but also research centres, government agencies, think-
tanks, high-tech spin-off companies and consultancies.
These sites are linked through networks of communi-
cation and research is conducted in mutual interaction.
The fourth attribute is reflexivity. Compared to Mode
1, Mode 2 knowledge is rather a dialogic process, and
has the capacity to incorporate multiple views. This
relates to researchers becoming more aware of the soci-
etal consequences of their work (‘social accountability’).
Sensitivity to the impact of the research is built in from
the start. Novel forms of quality control constitute the
fifth characteristic of the new production of knowl-
edge. Traditional discipline-based peer review systems
are supplemented by additional criteria of economic,
political, social or cultural nature. Due to the wider set
of quality criteria, it becomes more difficult to deter-
mine ‘good science’, since this no longer is limited to
the judgement of disciplinary peers. However, this does
not imply that Mode 2 research is generally of a lower
standard.

In order to emphasize the width of the transforma-
tions, the authors of NPK (Gibbons et al., 1994) describe
anumber of developments in which they are visible such
as the commercialization of knowledge, the massifica-
tion of higher education and the increasing importance of
collaboration and globalisation. The book also includes
chapters on the case of the humanities and on the insti-
tutional changes that are involved in the rise of Mode 2
knowledge production.

In 2001, three of the authors of NPK published a
second book: Re-thinking Science: Knowledge and the
Public in an Age of Uncertainty (Nowotny et al., 2001).*
It can be read as a reaction to some of the criticisms that
NPK has received. The authors of ‘Re-thinking Science’
elaborate the claims about Mode 2 in three directions.

Firstly, Nowotny, Scott and Gibbons relate their
arguments to sociological literature. They discuss two
accounts of social change that deal with the growth of
complexity of society: the Knowledge Society and the
Risk Society. They compare the two along a number of
parameters and relate them to the notion of Mode 2. In
addition, the authors relate their work to literature about
post-modernism and co-evolution.

Secondly, ‘Re-thinking Science’ extends the argu-
ment of Mode 2 beyond the boundaries of the science

4 In this paper we will use the definitions of Modes 1 and 2 as given
in NPK and we will primarily analyse the reactions that this book has
received.

system. Expanding its meaning, the term Mode 2, here
refers to a society consisting of ‘transgressive’ institu-
tions. In a post-modern fashion, the book argues that
currently a de-differentiation of the various societal
spheres (state, market, culture) is taking place. These are
increasingly fuzzy and blurring categories that overlap
and interact. According to Nowotny et al. this develop-
ment constitutes the background against which the shift
towards Mode 2 knowledge production takes place.

Thirdly, the authors make attempts to specify the
nature of new scientific practices and discuss addi-
tional observations of contemporary scientific practice.
They describe changes they perceive in various institu-
tions involved in knowledge production: industrial and
governmental research institutes, research councils and
universities. In particular they introduce the concept
of ‘contextualised science’ which basically means that
‘society now ‘“‘speaks back” to science’ (p. 50). This
refers to the demand for innovation, to new regulatory
regimes, and to the multiplication of user—producer inter-
faces. Depending on the degree of importance, one can
speak of weak, middle range, or strong contextualisa-
tion. This development affects scientific activity not only
on the organisational level, but also ‘in its epistemolog-
ical core’ (p. 94). The authors claim that Mode 2 (or
contextualised) research yields ‘socially robust knowl-
edge’, which has a different epistemological status than
Mode 1 science. Perhaps surprisingly, the participation
of a wider range of non-scientific actors in the knowledge
production process enhances its reliability.

3. Mode 2 and its alternatives

The Mode 2 diagnosis is popular, visible and con-
tested, but not unique: it appears amongst competing
approaches to study changes in the science system. The
first step in our reconsideration is a comparison with
a set of alternatives, which we have identified in a lit-
erature study® (see Table 2). Each gives an account
of current changes in scientific knowledge production
and/or the changing relationship between science and
society. We will briefly introduce each of them and dis-
cuss the agreements and disagreements with the Mode
2 diagnosis. Please note that the order of appearance is
chronological and does not reflect any judgement about
their relative importance. We will discuss the approaches
in terms of their claims about cognitive changes, organi-

5 The bodies of literature addressed were selected based on their
prominence (number of citations) and the degree of apparent similarity
with NPK.
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Table 2
Alternative diagnoses studied

Concept Aim (descriptive or prescriptive) ~ Format ‘Main’ publication Number of citations®
Finalisation science D/P Articles  Bohme et al. (1983) 22
Strategic research/strategic science D (P) Diverse Irvine and Martin (1984) 58
Post-normal science P Articles  Funtowicz and Ravetz (1993) 204
Innovation systems D/P Diverse  Edquist (1997) 298
Academic capitalism D Book Slaughter and Leslie (1997) 315
Post-academic science D Book Ziman (2000) 97
Triple Helix D Articles  Etzkowitz and Leydesdorff (2000) 175

4 Scopus search, April 27, 2007.

sational changes and science—non-science relationships.
The discussion is summarised in Table 3.

3.1. Finalisation science

The concept of ‘finalisation science’ (Bohme et al.,
1983, 1973) describes and explains the dynamics of
science and its societal function. To some extent, it
also contains a prescriptive message. In the 1970s, the
German research group known as the ‘Starnbergers’
(Rip, 1989), developed a research programme on sci-
ence dynamics consisting of case studies of scientific
disciplines. The programme has resulted in a number
of journal articles, part of which have been published
in German. Most accessible is an edited volume with
contributions of the main proponents of the programme
(Bohme et al., 1983). Based on the case studies, their
main claim is that all disciplines follow a general devel-
opment in which an explorative phase, a paradigmatic
phase, and a post-paradigmatic phase can be distin-
guished. In the context of this paper, the last phase is
most important. In this phase, ‘finalisation’ may occur:
theoretical development that is determined by external
factors. When a discipline attains theoretical maturity, it
becomes open to orientation in accordance with exter-
nal objectives. Its further theoretical development then
proceeds along the paths that these goals indicate.

According to the ‘finalists’, more and more disci-
plines reach this phase. This implies that the relation
between science and society is changing. In this relation-
ship, society is becoming an active rather than a passive
partner, and it increasingly takes a guiding role.

As Peter Weingart has indicated (Weingart, 1997),
this observation is comparable to the Mode 2 thesis. Four
important differences need to be mentioned, however.
First, the “finalisation’-approach has a strong empirical
basis. Second, it clearly differentiates between scien-
tific disciplines: it studies various disciplines separately.
The claim that the whole science system is undergo-
ing change arises as an inductive conclusion from the

observations of different disciplines. Third, distinct from
the emergence of Mode 2 knowledge production, final-
isation of disciplines is related primarily to internal
rather than external causes. Its driving force is the the-
oretical maturing development which facilitates social
orientation. In contrast, in the Mode 2 thesis, global
developments such as globalisation of business and the
complexity of policy issues figure as causal factors.
Fourth, the Starnbergers are explicitly prescriptive when
they speak of ‘normative finalisation’.® They do not
merely report the increasing social orientation of sci-
ence but also provide policy recommendations. In their
writings, one finds a call for ‘social natural science’,
science in which natural norms and social interests are
coordinated. Given the possibility of social orientation of
scientific research, they argue for setting restrictive con-
ditions that the aims set by scientists must meet (Schéfer,
1983).

3.2. Strategic research/strategic science

The notions of strategic research and strategic science
appear in a variety of sources. They are mainly used for
descriptive purposes, but are often translated into policy
goals in a prescriptive way. The term ‘strategic research’
was coined in a policy study (Irvine and Martin, 1984)
and is defined as: ‘basic research carried out with the
expectation that it will produce a broad base of knowl-
edge likely to form the background to the solution of
recognised current or future practical problems’. A strik-
ing feature is the emphasis on basic rather than applied
research. This distinguishes this diagnosis from Mode
2, in which the distinction between basic and applied
science has disappeared. Strategic science, however, has
internalised the pressure for relevance while maintaining
the (academic) freedom to continuously move to the most
promising line of research. Scientists do not operate in

6 This element is particularly visible in the work by Schiifer (1983).
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Table 3

The various diagnoses put emphasis on different characteristics of scientific knowledge production

Finalisation
science

Innovation
systems

Post-academic Academic Strategic sci-

science

Triple
Helix

Post-normal
science

NPK

Characteristics

Levels

ence/research

Capitalism

Choice of research agenda (research

content)

Cognitive

Methods (teamwork, transdisciplinarity)

Epistemology (socially robust

knowledge)

Map of disciplines (transdisciplinarity)

Values/labour ethic of scientists

(reflexivity)

Organisational

L.K. Hessels, H. van Lente / Research Policy 37 (2008) 740-760

Norms of quality control (extended

peers)

Interaction with other societal ‘spheres’

(industry, government)

External relations

Incorporation of non-scientific expertise

(participation)

4 NPK is unclear on this point. The follow-up book ‘Re-Thinking Science’ (Nowotny et al., 2001), however, does claim that an epistemological transformation is taking place.

the ‘context of application’, but they do consider the rele-
vance of their work as a legitimate condition to take into
account. There remains a distance between the actual
research and its eventual uptake in the form of solu-
tions to societal problems or innovations that enhance
economic growth.

Arie Rip uses the notion of ‘Strategic Science’ to
describe an upcoming regime (Rip, 2004). This regime
is characterised by a recontextualisation of science in
society. Due to the importance of science for innova-
tion and for decision-making, there is more emphasis
on strategic research: producing knowledge which com-
bines relevance’ with scientific excellence. It replaces
the regime of ‘Science, the endless frontier’, in which
resources have been available to basic science without
requiring clearly articulated promises. Rip regards the
spread of ‘centres for excellence and relevance’ (Rip,
2004) and also the commitment of (entrepreneurial) uni-
versities to both regionalism and academic excellence
(Rip, 2002a) as indicators for the new regime.

3.3. Post-normal science

‘Post-normal science’ is a prescriptive approach that
is presented in a journal article (Funtowicz and Ravetz,
1993), but it has led to the development of a research
community working on the further development of the
programme. The concept originates from policy-relevant
science fields and starts from an acknowledgement of
the limitations of rational decision-making. Given the
complexity of current issues in (environmental) policy, it
argues for a reassessment of the appropriate role of scien-
tific research. In environmental debates typically ‘facts
are uncertain, values in dispute, stakes high, and deci-
sions urgent’” (Funtowicz and Ravetz, 1993). According
to the authors, ‘normal science’ in the Kuhnian sense is
not an adequate mode of knowledge production in this
situation, as it assumes that problems can be divided
into small-scale problems that can be handled without
questioning the broader framework or paradigm. There
is a need for a scientific practice which can cope with
uncertainty, with value plurality and with the decision-
stakes of the various stakeholders of the problem at hand.
In addition it must have the capacity to support policy
makers taking their time constraints into account. For
this purpose the term ‘post-normal science’ has been
invented.

7 In this context, ‘relevance’ refers to application possibilities in
either (industrial) innovations or in (governmental) decision making.
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The most striking characteristic of post-normal
science is public participation. The solutions that pro-
ponents of this model offer generally boil down to
engaging stakeholders in decision-making processes or
in the quality assessment of scientific knowledge pro-
duction. According to the post-normal science view,
quality assurance of scientific input to policy processes
should be performed by an ‘extended peer commu-
nity’ (Funtowicz and Ravetz, 1993). To this end, several
frameworks have been developed that enable dealing
with different types of uncertainty, both on the level of
model parameters and assumptions (Van der Sluijs et al.,
2005) and on the level of societal perspectives (Craye
and Funtowicz, 2005) and value diversity (Kloprogge
and van der Sluijs, 2006).

Post-normal science shares a number of character-
istics with Mode 2 knowledge production but places
slightly different accents. Common features of both
approaches are the increased interaction across disci-
plinary and organisational boundaries, additional quality
criteria and a greater reflexivity. However, there is a
clear difference in scope. Because post-normal sci-
ence is only relevant for policy-supporting research,
it does not deal with the university—industry interac-
tions. In post-normal science, corporations play a role
only in as much they are a stakeholder of the pol-
icy problem at hand, not because of their potential
role as a knowledge (co)producer. For the same rea-
son, there is no consideration of product or process
innovations, but only for policy innovations or sys-
tem innovations. Because of its focus on the public
function of research, post-normal science has stronger
similarities with the more recent book (Nowotny et al.,
2001) by some of the authors of NPK. It fits the ideal
of contextualised research, yielding ‘socially robust’
knowledge.

Compared to Mode 2, post-normal science has a more
programmatic character. It does not have a descriptive
content in the sense that it reports the emergence of a
new mode of research. Rather, in a prescriptive sense, it
expresses a need for new modes of knowledge produc-
tion and aims to contribute to its fulfilment by developing
the required tools.

3.4. Innovation systems

Systems thinking in innovation studies emphasises
the importance of interactions and feedback mechanisms
between all actors involved in innovation, including
university researchers, industrial product developers,
intermediary organisations and end-users. The concept
of innovation systems is primarily applied as a heuristic

framework, in order to describe and explain the com-
plexity of innovation systems. In addition, it is used
in a prescriptive sense, by arguing for a more systemic
innovation policy (Smits and Kuhlmann, 2004). In accor-
dance with the variety of approaches, a diversity of
publications is available on the topic including numerous
journal publications and (edited) books. The innova-
tion systems perspective is applied on various levels
of aggregation: National Innovation Systems (Freeman,
1997), Regional Innovation Systems (Cooke et al., 1997)
and Technological Innovation Systems (Carlsson and
Stankiewicz, 1991). However, all approaches share a
consideration of the interactive nature of successful inno-
vation processes (Edquist, 1997).

The innovation systems approaches share with NPK
the emphasis on the non-linearity and heterogeneity of
knowledge production. Both reject the linear model of
innovation in which basic research is translated into
applied research, which in turn may result in techno-
logical product development (and subsequent diffusion).
In Mode 2, the distinction between basic and applied
science does not exist; in innovation systems such a dis-
tinction is conceived to be ineffective. Moreover, the
organisational diversity of Mode 2 corresponds to the
network character of innovation systems. Collaborations
between universities and industry, but in particular the
role of intermediary research organisations, figure in
both bodies of literature.

A distinctive feature of the systems approach in
innovation studies is that it is merely a heuristic frame-
work rather than a descriptive theory. Compared to
the Mode 2 thesis, it hardly contains any descriptive
claims. While NPK’s authors argue that contemporary
knowledge production is heterogeneous and non-linear
by nature, innovation systems literature only argues it
should be heterogeneous and non-linear in order to facil-
itate fruitful innovation processes.

3.5. Academic Capitalism

The book ‘Academic Capitalism’ (Slaughter and
Leslie, 1997) reports the observation of increasing
market- and market-like activities at universities in
a set of empirical case studies.® The authors aim

8 There is a large body of literature that deals with the increasing
links with industry. However, a lot of studies in this category start from
a firm’s perspective and mainly deal with the potential benefits and
costs for industry of collaborating with university researchers (Meeus
et al., 2004; Krahmer and Schmoch, 1998; Kaufmann and Todtling,
2001). In the present context, however, we are mainly interested in the
consequences of this development for scientific knowledge production.
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both to describe and to explain this phenomenon.
With ‘academic capitalism’ they refer to two types of
activities. First they point to the increasing (market-like)
competition for external funding: grants and contracts,
endowment funds, university—industry partnerships,
institutional investment in spin-off companies, or student
tuition and fees. Second they discern increasing market-
activities: for-profit activity, patenting or subsequent
royalty and licensing agreements, spin-off companies,
and university—industry partnerships having a profit
component.

The authors explain this development by two factors.
First increasing globalisation enhances the pressure on
industry to innovate and causes corporations to turn to
universities for assistance. In the same time, the flow
of public moneys to universities is receding. Together
these factors make universities more willing to engage
in ‘capitalist’ activities. Notably, both identified causes
are external, in the sense that they originate outside the
science system.

Slaughter and Leslie complement their empirical
observations with a warning for the risks of the devel-
opments they describe. In all four countries (US, UK,
Australia, Canada) they have studied, governments pro-
moted academic capitalism as a means of stimulating
economic growth. Except for Canada, they all suc-
ceeded in developing promoting policies. However,
there is no clear indication for the success of market-
activities, as only some universities in the United
States manage to make money. Opposite of the poten-
tial benefits the authors identify substantial risks for
researchers, universities and their managers. Market(-
like) activities can lead to ‘business failure’, to product
responsibility, failure to meet societal expectations
(with regard to economic growth and employment)
and neglect of students. For this reason, Slaughter and
Leslie recommend governments to create incentives
for universities to spend their money in the desired
ways in order to avoid a decline in academic educa-
tion.

‘Academic Capitalism’ partly confirms the claim
of rising importance of Mode 2 knowledge produc-
tion. The market(-like) activities described include (at
least to some extent) the attributes ‘context of appli-
cation’, ‘organisational diversity’ and ‘novel modes
of quality control’. The authors do not pay particu-
lar attention to transdisciplinarity. A curious empirical
result is the observation that researchers are ambiva-
lent with regard to ‘altruism’. They hope that their
research will benefit humankind, but this does not seem
to be their first priority (p. 222). From their inter-
views Slaughter and Leslie have got the impression

of researchers being pushed in the direction of aca-
demic capitalism, but they do everything they cannot
to become Mode 2 researchers. They do not show the
intention of leaving university as they prefer to keep the
advantages of being ‘state-supported entrepreneurs’ (p.
206).

3.6. Post-academic science

In Ziman’s notion of post-academic science, he
incorporates elements from several other diagnoses:
Mode 2, Academic Capitalism and post-normal sci-
ence. The notion is introduced in a single-author
volume (Ziman, 2000), which elaborates on ideas pub-
lished in his equally successful earlier book (Ziman,
1994). Ziman intends to describe and explain a set
of developments in scientific knowledge production.
To summarise, post-academic science refers to a ‘rad-
ical, irreversible, worldwide transformation in the
way science is organised, managed and performed’
(p. 67). Post-academic science (or ‘post-industrial
science’, as Ziman calls it as well) can be char-
acterised by the following five (strongly connected)
elements.

First, science has become a collective activity:
researchers share instruments and co-write articles.
Moreover, both the practical and fundamental problems
that scientists are concerned with are transdisciplinary
in nature, calling for collective effort. Second, the expo-
nential growth of scientific activities has reached a
financial ceiling. The resources available for research
seem not to increase much more, creating a need
for accountability and efficiency. Thirdly, but strongly
related, there is a greater stress on the utility of knowl-
edge being produced. The success of applying scientific
knowledge into products or practical solutions in some
fields has made industry, government and the pub-
lic impatient with its diffusion rate in general. There
is an increased pressure on scientists to deliver more
obvious ‘value for money’. Next, the emergence of
science and technology policy has strengthened the
competition for resources. In the resulting situation,
competition for real money becomes more important
than competition for scientific credibility. Research
groups can be conceived as small business enterprises,
their staff as ‘technical consultants’. Finally, science
has become ‘industrialised’: the links between academia
and industry become closer and funding increasingly
comes from contract research. This development con-
travenes the Mertonian norms of academic science.
Due to the industrial orientation a new set of norms
can be discerned, which Ziman labels as ‘PLACE’:
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‘Proprietary, Local, Authoritarian, Commisioned, and
Expert’ .’

Although his approach is primarily descriptive,
Ziman is not neutral towards the development of post-
academic science. In a recent paper (Ziman, 2003) he
draws attention to the ‘non-instrumental roles of sci-
ence’, which are threatened in the post-academic era.
If science is valued primarily as a mode of wealth cre-
ation, certain functions of knowledge production are
overlooked. These include the creation of critical sce-
narios and world pictures, the stimulation of rational
attitudes, and the production of enlightened practitioners
and independent experts. Ziman is convinced that post-
academic science is here to stay; we cannot go back to
the old academic model. However, he argues for a fuller
consideration of the non-instrumental roles in the debate
about the future of science.

The concept of post-academic science is quite similar
to that of Mode 2 knowledge production. There are no
real contradictions between the content of both notions,
only some difference in emphasis. Indeed, Ziman refers
to Mode 2 in a way that suggests he conceives it as a
synonym of ‘post-academic science’ or at least for the
manifestation of that which he calls ‘post-industrial sci-
ence’ (p. 80). The most important difference between
Mode 2 knowledge production and post-academic sci-
ence is probably the scope of the two central notions.
Whereas Mode 2 refers to a particular way of conduct-
ing and organising research that constitutes a limited
but increasing part of the science system, post-academic
science is a name for the whole science system in its
new state. This difference results in a different relation
between the traditional and the new mode of research.
While NPK explicitly states that Mode 2 emerges ‘next
to’ Mode 1 research and suggests a future in which
both develop in co-evolution, Ziman speaks of post-
academic science as a practice that replaces traditional
academic research. ‘Our exemplar is changing before
our eyes into a new form—post-academic science (. ..)’
(p. 60).

A similarity between Ziman and Gibbons et al. is the
loose empirical foundation of their observations. In both
cases, the authors themselves have not gathered any new
data. In the same way as in NPK, Ziman only loosely

9 ‘It produces proprietary knowledge that is not necessarily made
public. It is focused on local technical problems rather than on general
understanding. Industrial researchers act under managerial authority
rather than as individual. Their research is commissioned to achieve
practical goals, rather than undertaken in the pursuit of knowledge.
They are employed as expert problem solvers, rather than for their
personal creativity.” (Ziman, 2000, pp. 78-79).

refers to secondary data, although he does it a little more
frequently.

3.7. Triple Helix

The Triple Helix model (Etzkowitz and Leydesdorff,
1998, 2000; Leydesdorff and Meyer, 2006) is based on
the assumption that industry, university and government
are increasingly interdependent. This implies that these
different institutional spheres have to be studied in co-
evolution. The model can be seen as a heuristic forcing
researchers to systematically take into account all three
spheres when studying dynamics of knowledge produc-
tion and innovation. Triple Helix does not have a uniform
descriptive message like NPK, but it rather constitutes a
research program that has yielded a variety of descriptive
claims. Its body of literature consists mainly of special
issues of scientific journals dedicated to the Triple Helix
conference series.

The central insight that this approach has yielded is
the observation of ‘an overlay of reflexive communica-
tions’ between universities, industries, and governmental
agencies. According to Etzkowitz and Leydesdorff
(2000), in most countries there is a tendency towards
a knowledge infrastructure in which these three insti-
tutional spheres (academia, state and industry) overlap.
In this configuration the spheres can take each other’s
forms and hybrid organisations emerge at the interfaces.
The linear model of utilisation of scientific knowledge
is replaced by new organisational mechanisms that inte-
grate market pull and technology push. Basic research
is linked to utilisation through series of intermediate
processes such as government initiated programs that
facilitate university—industry interaction. The rise of
this configuration is mainly due to the enhanced role
of knowledge in our economy and society, and to the
decreasing role of the military.

The role of universities in this configuration is often
referred to as its ‘third mission’.!? Making a con-
tribution to economic growth is becoming a central
task next to teaching and research.'! Within the Triple
Helix literature, research with this mission is referred
to as ‘entrepreneurial science’ (Etzkowitz et al., 2000b;
Etzkowitz, 1998; Kleinman and Vallas, 2001).

10 This point is elaborated in literature on the ‘entrepreneurial univer-
sity” (Etzkowitz, 2003; Etzkowitz et al., 2000a). Although written by
one of its main founders, it is not necessarily part of the Triple Helix
corpus.

1 One can argue about the adequacy of the term ‘third’ mission as
the authors do not seem to refer to a completely new task but to a
reformulation of the second mission.
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This new role of universities and its new relations
with government and industry are roughly in agree-
ment with the idea of Mode 2 science. Especially the
context of application and organisational diversity are
apparent. Etzkowitz and Leydesdorff also confirm trans-
disciplinarity with their observation that new disciplines
(such as computer science or nanotechnology) arise
‘through synthesis of practical and theoretical interests’
(Etzkowitz and Leydesdorff, 2000, p. 117). As will be
indicated in the next section, however, they disagree with
the view of Mode 1 as the original format of knowledge
production. Moreover, Etzkowitz and Leydesdorff prefer
to speak of Mode 2 as an ‘emerging’ system emphasising
historical dynamics. In their eyes the current knowledge
infrastructure is characterised by mixes of Mode 1 and
Mode 2 (p. 119).

3.8. Concluding remarks

Table 3 summarises the main findings of this section.
The comparison shows that the individual elements of
the Mode 2 diagnosis are not unique. All characteris-
tics that it addresses return in one or more of the other
approaches. Nearly all approaches pay attention to the
changing research agenda and the increasing interaction
between science and other societal actors. This suggests
that these observations are correct, especially since they
are supported by empirical evidence in for instance the
‘Academic Capitalism’ volume and the ‘Triple Helix’
corpus. Other claims are more distinctive, especially
the ones dealing with methods, epistemology and val-
ues. The most striking result of the mutual comparison,
however, is that it shows the exceptionally wide scope
of the Mode 2 diagnosis. None of the alternatives deal
with as many characteristics of science as NPK does.
It is unclear, however, whether this is a strength or a
weakness. 2

4. The reception of Mode 2

After the comparison with alternative approaches, we
will now focus directly on the strength of the Mode
2 diagnosis and study its reception in scientific litera-
ture. ‘The New Production of Knowledge’ (Gibbons et
al., 1994) has received over 1000 citations in scientific
journals'? and Figs. 1 and 2 indicate that the number of
references per year is still increasing. Table 4 presents a
list of all journals in which 10 or more references were

12 We answer this question in the concluding section.
13 Scopus search on January 18, 2007.
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Fig. 1. Number of citations of NPK found in Scopus.
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Fig. 2. Number of citations of NPK found in Scopus, as a fraction of
all articles containing the letter ‘A’, in order to correct for the growth
of the number of journals that are included in the Scopus database.

Table 4
Scientific journals in which NPK was cited at least 10 times
Journal name Number of
references
Science and Public Policy 51
Research Policy 40
Scientometrics 38
Higher Education 36
Minerva 21
Research Evaluation 20
International Journal of Technology Management 19
British Journal of Management 18
Studies in Higher Education 15
Social Science Information 15
Technology Analysis and Strategic Management 15
Science Technology and Human Values 15
Futures 13
Social Studies of Science 12
Organisation 12
Prometheus 12
R and D Management 12
Higher Education Policy 10




L.K. Hessels, H. van Lente / Research Policy 37 (2008) 740-760 749

Table 5
Important reactions to NPK

Authors (year) Title Number of citations®
Godin (1998) Writing performative history: The new new Atlantis? 21
Weingart (1997) From “Finalisation” to “Mode 2”: Old wine in new bottles? 41
Hicks and Katz (1996) Where is science going? 35
Godin and Gingras (2000) The place of universities in the system of knowledge production 23
Hemlin and Rasmussen (2006) The shift in academic quality control 0
Rip (2002b) Science for the 21st century 3
Albert (2003) Universities and the market economy: The differential impact on knowledge 11
production in sociology and economics
Shinn (2002) The Triple Helix and new production of knowledge: Prepackaged thinking on 19
science and technology
Rip (2000) Fashions, lock-ins and the heterogeneity of knowledge production 5

Etzkowitz and Leydesdorff (2000)  The dynamics of innovation: from National Systems and “Mode 2” to a Triple Helix 175
of university—industry—government relations

Jansen (2002) Mode 2 knowledge and institutional life: Taking Gibbons on a walk through a South 4
African University

Jacob (2000) ‘Mode 2’ in context: the contract researcher, the university and the knowledge society 10

Pestre (2003) Regimes of knowledge production in society: Towards a more political and social 7
reading

2 Scopus search, April 27, 2007.

found. As one can expect, journals in the area of sci-
ence, technology and innovation studies are dominant,
with alight emphasis on journals that are policy-oriented.
Some exceptions in the higher rank deal with manage-
ment (‘British Journal of Management’), organisation
studies (‘Organisation’), and with policy and planning
(‘Futures’).

A closer look at the corpus that is represented in
Figs. 1 and 2 reveals that NPK’s citations can be roughly
divided into two sets. The first set of papers (we esti-
mate about 80%) refers to NPK in the introduction or
conclusion section, treating it as an accepted account of
the current transformations. In these cases, the notion of
Mode 2 serves to sketch the background for the research
that is reported. It helps either to design a theoretical
framework from which research questions are formu-
lated or to discuss the implications of the findings. For
example, Starkey and Madan (2001) use the Mode 2
notion as a theoretical framework to discuss current
developments in management studies. Lee and Bozeman
(2005) refer to the rise of Mode 2 in order to empha-
size the importance of research collaborations. Lenhard
et al. (2006) cite NPK to sketch the background of
their discussion about the future of transdisciplinarity.'*

14 Although the authors do no criticize Gibbons et al., their discussion
of transdisciplinarity in fact contradicts NPK’s message. Their plea for
‘late integration’ rather than ‘early integration” amounts to a preference
for Mode 1 above Mode 2 knowledge production. The integration of
disciplines early in the research project is the central characteristic of
NPK’s concept of transdisciplinarity.

The content of these articles varies widely, but they
have in common that they refer to NPK in an approv-
ing manner, without questioning the validity of its
claims.

The second set (roughly 20%), however, does not take
the legitimacy of the Mode 2 concept for granted, but puts
its claims to the test. Papers belonging to this category
generally dedicate more text to the issue of Mode 2.
They do not cite NPK ‘by accident’, but use it as an
essential theoretical starting point. The following section
addresses a number of papers that belong to this second
set.

A Scopus citation search!” yielded a list of all scien-
tific articles with a reference to NPK. Based on source
title and article title, a subset of all papers that have been
cited 20 times or more was selected for detailed study.
This subset constituted the starting point of the literature
study. Other papers and book chapters taken into account
were all found by tracing references of this subset. In this
way, the most important!® contributions to the Mode 2
debate should be included (see Table 5).

15 Search entry: REF(gibbons AND “new production of knowledge”).

16 In this context, two conditions for ‘importance’ can be distin-
guished: articles that give extensive reactions to NPK and that have
influenced other scholars (to be measured by the number of citations).
Note that our focus is on the debate directly linked to the Mode 2 con-
cept. Literature about the changes addressed in NPK in fact is much
broader, as not all research dealing with these developments neces-
sarily cites NPK. We do not aim to cover all literature dealing with
changes in contemporary science systems, but only papers explicitly
reacting to the Mode 2 concept.
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Table 6
Reactions to the individual attributes of Mode 2
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Mode 2 attributes Godin Weingart Hicks and Katz Godin and Gingras Hemlin and Rasmussen
Context of application - - +/—

Transdisciplinary - — +

Heterogeneity — +/— +/—

Reflexivity/social accountability -
Novel quality control - -

5. The main objections to the Mode 2 notion

The criticism of the claims of NPK found in scientific
literature is very diverse. We have identified 7 recur-
ring objections, which will be subsequently presented.
In our evaluative discussion (Sections 5.8 and 6), we
clustered them into three categories: NPK’s descriptive
or empirical validity (Sections 5.1-5.3), its theoretical
and conceptual strength (Sections 5.4 and 5.5), and its
political value (Sections 5.6 and 5.7). The first type of
objection is the most common, but the other two appear
regularly as well.

In the following, we will discuss the main criticisms to
NPK. In some cases we regard it appropriate to comment
on the validity of the objections posed. Is the objection
indeed a serious problem to NPK? To our mind, this
depends on correct citation of NPK, available empirical
evidence and convincing arguments.

5.1. The descriptive validity of the various
attributes of Mode 2

Table 6 lists the authors that comment on the five
Mode 2 attributes, indicating the nature of their com-
ments (positive or negative).

5.1.1. Context of application

The assertion that research is increasingly conducted
in the context of application receives relatively little
protest. Weingart (1997) argues that the ‘context of
application’ would lack stability, which means that it
will always remain dependent on disciplinary practices.
However, this does not contradict the Mode 2 theory as
Gibbons and his co-authors also expect Mode 1 science
to remain present.

According to Gibbons et al. Mode 2 knowledge
is produced in contexts of application, going beyond
the distinction between basic and applied research.
Godin (1998) argues, however, that this distinction
(which would disappear in Mode 2) in fact has never
existed. Fundamental research has always been inspired

by more applied knowledge and applied research has
always shown interest in fundamental understanding
of the relevant phenomena. This observation, how-
ever, does not imply that basic and applied research
have never been separate domains. Godin’s argument
does not affect NPK’s claim that the interactions
between basic and applied research are intensify-
ing.

Hicks and Katz (1996) test the claim that the locus of
knowledge production shifts to the context of application
Their bibliometric analysis, however, does not succeed
to either confirm or reject this claim.

In conclusion, the ‘context of application’ remains a
complicated concept and there is a lack of clarity with
regard to the difference with ‘applied’ science. A possi-
ble solution for this problem can be found in typology
of research modes of Stokes (1997). He breaks open
the classic dichotomy of basic and applied research
resulting in a quadrant-model, which treats the quest
for fundamental understanding and the considerations
of use as distinct variables (see Fig. 3). In this frame-
work, ‘considerations of use’ corresponds to ‘context of
application’ and still leaves room for different degrees of
being inspired by the quest for fundamental understand-
ing.
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Fig. 3. Stokes’ model of scientific research (Stokes, 1997).
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5.1.2. Transdisciplinarity

The claim that science becomes increasingly transdis-
ciplinary receives mixed reactions. The discussion of this
topic is complicated by the lack of universal definitions
of inter- and transdisciplinary research.

Godin (1998) criticises the dichotomy between
disciplinary research and interdisciplinary research.
According to him, the development of disciplines with
specialisations and hybrid formations is typical of any
scientific practice. Knowledge production never occurs
in isolation; it always involves the employment of ele-
ments from other disciplines. Disciplines might acquire
some degree of autonomy, but Godin assumes the
same could happen to ‘transdisciplinary’ research. This
argument would hold for interdisciplinary research.
However, transdisciplinarity as proposed by Gibbons
et al. implies more than only the cooperation of dif-
ferent disciplines. Additional conditions include the
co-evolution of a common guiding framework and the
diffusion of results during the research process. The
assertion that this type of knowledge production is cur-
rently gaining importance is, in our mind, not sensitive
to the criticism just described.

Weingart (1997) shares Godin’s concern that the
recombination of disciplines is not a new phenomenon.
As defined in NPK, transdisciplinarity involves more
than that, but according to Weingart, what the dif-
ferences are ‘remains vague and ambiguous’ (p.
596). A more serious problem raised by Weingart is
the difference between the level of program fund-
ing and the actual research. Research programs may
formulate interdisciplinary or even transdisciplinary
problems, but the research carried out under their head-
ings is often of a disciplinary or multi-disciplinary
kind.

Hicks and Katz (1996) observe a growth in ‘transdis-
ciplinary’ journals (although disciplinary research still
accounts for the bulk of scientific output). However, they
employ this term in a different sense than Gibbons et
al. According to Hicks and Katz, a journal counts as
transdisciplinary when it cannot be classified as belong-
ing to a single field or discipline. They do not take into
account the epistemological and methodological dimen-
sions of the definition of transdisciplinarity as used in
NPK. As a result, the selection made by Hicks and
Katz includes journals which Gibbons and his co-authors
would call ‘multi-disciplinary’ journals. Their outcomes
do prove that interactions between the various disci-
plines are increasing, but they cannot provide insight
into the qualitative nature of these interactions and do
not imply that they are ‘transdisciplinary’ in NPK’s
sense.

5.1.3. Heterogeneity

Most scholars seem to agree that the heterogeneity of
knowledge production is increasing, but they disagree
about the extent.

In a bibiliometrical study, Godin and Gingras (2000)
show that the share of academic publications that include
non-university contributions is increasing, in accordance
with the Mode 2 claim of ‘organisational diversity’. In
spite of this diversification, however, the presence of uni-
versities in scientific papers is not diminishing at all. In
Canada the share of papers including a university address
has increased from 75% to 82% in the period 1980-1995.
From this study it can be concluded that intersectoral
collaboration is growing, but universities remain at the
centre of knowledge production.

Weingart (1997), on the contrary, argues that the
role of think-tanks and consulting firms is negligible
in terms of manpower and budgets. This will probably
vary for different disciplines; in management research,
for instance, they are prominent (Huff, 2000). Weingart’s
remark that they remain dependent on academic research
does not contradict the NPK claims.

In their bibliometric analysis, Hicks and Katz (1996)
show that an increasing number of organisations house
authors of journal articles. Between 1983 and 1991, the
number of organisations in the UK participating in scien-
tific publishing has increased in all sectors they studied
(hospitals, industry, non-profit, universities, government
and polytechnics), except for research councils.!” How-
ever, within the various sectors, Hicks and Katz do not
discern a uniform trend toward dispersion of the publica-
tion activity. Several sectors (e.g. industry, and hospital)
even have become more concentrated. For this reason,
their observation cannot be seen as an indicator for the
increasing heterogeneity of scientific knowledge produc-
tion.

5.1.4. Reflexivity/social accountability

Reflexivity and social accountability receives less
attention in the criticisms of the Mode 2 concept.
Weingart, for instance, regards social accountability
to be mainly applicable to policy-relevant knowledge
production. In these disciplines he agrees that an institu-
tionalisation of reflexive mechanisms is discernable. Yet,
in areas of knowledge lacking an immediate connection

17 This observation may seem to contradict the findings of Godin and
Gingras but does not necessarily imply a difference between Canada
and the United Kingdom. The co-existence of the findings of the two
studies can be explained by assuming that the share of papers with
authors from several sectors has increased, or even more general, that
the average number of authors on each paper has increased.
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to social values and subjective risk perception (‘high-
energy physics, astronomy, and paleontology’, p. 603),
he denies that there is either a need for or a perceiv-
able rise of reflexivity. This assertion is not supported
by empirical evidence, however. The issue of reflexivity
seems to deserve further investigation.

5.1.5. Quality control

The novel types of quality control probably constitute
the most controversial attribute of Mode 2 knowledge
production.

In agreement with NPK, for instance, Hemlin and
Rasmussen (2006) argue that a shift is taking place
from ‘quality control’ to ‘quality monitoring’. Similar
to Mode 1, however, the former remains important. The
notion of quality monitoring shares some characteris-
tics with Mode 2. It is subject to influences of industry
and policy, it includes new ‘peers’ (users, consultants,
lay persons) and a greater consideration of ethical and
political issues. However, Hemlin and Rasmussen also
add some elements that are not apparent in NPK: a shift
from the assessment of individuals to organisations and
a shift in time perspective from a retrospective judgment
of research activities to an ongoing evaluation process
during the research progression. The authors also relate
the putative shift to organisational theory and argue for
a further study on organisational learning in scientific
institutes. However, they do not provide much empir-
ical evidence for their claims, apart from a couple of
illustrative examples.

Weingart and Godin are sceptical, however. Godin
(1998) argues that the scientific criteria are still the most
important. Referring to the personal experience of his
readers, he states that the success of attracting research
funds being dependent on extra-scientific criteria relat-
ing to social priorities, relevance and accountability ‘is
still a rhetoric rather than a fact’ (p. 478). In our opin-
ion this assertion does not do justice to the diversity of
contemporary funding systems. Probably still a lot of
funding allocation is still ruled by scientific considera-
tions. Nevertheless, today a significant share of funding
in many western countries'® depends on societal priori-
ties.

Similar to Godin, Weingart (1997) claims that in
industrial research marketability and cost effectiveness
have always been present, while in academic quality

18 For instance the European Framework Programmes and national

innovation policy instruments. Examples in the Netherlands are
‘Technologiestichting STW’, ‘Technologische Topinstituten’ and
‘Innovatiegerichte Onderzoeksprogramma’s’.

assessment they are still of minor importance. Even in
policy-relevant science that is carried out in the context
of application, the scientific standards assessed by ‘peer
review’ remain the most significant measure of qual-
ity. However, in contrary to Weingart’s suggestion on
‘ample freedom for (. . .) researchers and long-term per-
spectives’ (p. 603) at corporations such as IBM, multina-
tionals today seem to be increasingly reluctant to engage
in fundamental research programs. Due to globalised
competition, industrial corporations have been forced to
cut their budgets and have chosen to cut the costs of
long-term research activities (De Wit et al., 2007).

In conclusion, the importance of additional quality
criteria at universities is contested and remains a question
open for empirical investigation.

5.2. Generality of Mode 2 notion

In addition to the detailed comments on the individ-
ual Mode 2 attributes, scholars point to limitations in the
empirical validity of NPK’s claims on a more generic
level. In this respect, two major problems can be dis-
cerned: the generality of the argument per se and its
historical perspective.

Gibbons et al. argue that the rise of Mode 2 affects
the whole science system: ‘Mode 2 is spreading across
the entire landscape of science and technology’ (NPK,
p. 22). ‘These changes appear in the natural and social
sciences but also in the humanities’ (NPK, p. 3).

Weingart (1997) contests these claims. He argues
‘that the features of “Mode 2” (...) are limited to a
fairly small sector of the entire science system’ (p.
608). He claims that some Mode 2 attributes (context
of application, transdisciplinarity) make sense only for
science which is close to policy-making such as envi-
ronmental research. The subset of academic research
from which he believes Gibbons et al. draw their evi-
dence, represents only a fraction of the entire science and
technology system. Features like ‘uncertainty of knowl-
edge, complexity of subject matter, policy orientation
and value-ladenness’ (p. 600), which characterise the
sector of technology assessment, risk research, and envi-
ronmental and climate research, cannot be generalised.
Therefore, Weingart sees no reason to believe Mode 2
will extend to all other areas of science.

Godin (1998) rejects the generality of NPK’s
approach, too. In particular, he argues that ‘the social
sciences, as well as the humanities, have always been
of Mode 2, much more than has been the case for the
natural and physical sciences’ (p. 472).

Albert (2003), however, has shown that there is no
observable trend towards Mode 2 in the sociology and
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economics departments of two Canadian universities.
Based on interviews with scientists and a study of their
publications, he states that there is no tendency towards
problem-oriented research, but rather a predominance
of Mode 1 knowledge production. Albert concludes that
his findings demonstrate that academic research can-
not be seen as a homologous unit. He argues that one
should take into account the heterogeneity of scientific
disciplines and of the various research ‘regimes’.

Critics also mention the neglect of national contexts.
Shinn (2002) claims NPK fails to ‘recognise that the
university, business and government all function in a
national setting’ (p. 610). He argues that scientific dis-
ciplines and specialties operate differently in different
national institutions. In spite of current globalisation,
the national component of the organisation and work
of science is still apparent. Referring to the literature on
national systems of innovation, Shinn states that, even
in Europe, national science policies are still of great
importance.

The claim of NPK of a general move to Mode 2,
therefore, is denied by several authors on different and
sometimes contradicting grounds. This implies in any
case that the specificity of disciplinary developments
needs be taken into account much stronger.

5.3. The long-term historical perspective

NPK’s second generic limitation indicated in liter-
ature concerns its historical perspective. Referring to
historical studies of sciences, several scholars (Rip,
2000; Etzkowitz and Leydesdorff, 2000) claim that
at least some of the attributes of Mode 2 knowledge
production have always been present in modern sci-
ence.

Rip (2002b) rejects the view of Mode 1 as the original
type of research. We should rather see it as historically
located: it emerged during the course of thel9th Cen-
tury and became locked in during the 1950s and 1960s.
Features of Mode 2 such as heterogeneity and transdis-
ciplinarity are not new; they were already present in the
‘Renaissance melting pot” (Rip, 2000) before the birth
of modern science.

Etzkowitz and Leydesdorff (2000) also contest the
newness of Mode 2 and use similar arguments. Refer-
ring to historical studies of science they claim that it is
not Mode 1 but Mode 2 which is the original format
of science, as, in the 17th Century, research focused on
practical problems. ‘Mode 2 represents the material base
of science, how it actually operates. Mode 1 is a con-
struct, built upon that base in order to justify autonomy
for science, especially in an earlier era when it was still

a fragile institution and needed all the help it could get’
(p. 116).

Similarly, Pestre (2003) argues that elements of Mode
2 have always existed in modern science. Knowledge
producers have never isolated themselves in an ivory
tower, but have always paid attention to the interests of
states and economic elites relating to science. Moreover,
‘science has always directly contributed to, and has been
a major resource for, changes in social ideologies’ (p.
250).

5.4. The coherence of the concept

The Mode 2-authors describes Mode 2 as a stable
entity, with a specified set of characteristics. This implies
that the notion of Mode 2 is coherent in the sense that the
various attributes mutually correlate. “These attributes,
while not present in every instance of Mode 2, do when
they appear together have a coherence which gives recog-
nisable cognitive and organisational stability to the mode
of knowledge production’, Gibbons et al. declare (NPK,
p. 8). Critics seriously question this assumption, and
the criticisms discussed above illustrate this. If the evi-
dence for the diverse attributes of Mode 2 varies, and
some receive more assent than others, one can wonder
about their mutual relations. Possibly the claim of the
NPK authors about the rise of Mode 2 should be divided
into five different claims about five distinct trends in
contemporary science.

According to Rip (2002b), the separate features that
Gibbons et al. describe ‘are clearly visible, but one
might question their overall thesis that these add up to a
new mode of knowledge production’ (pp. 104-105). He
doubts whether the features together have enough sta-
bility to make it appropriate to speak of a new research
mode.

Godin (1998) confirms two of those claims, but he
rejects the other three. He agrees that the heterogeneity of
the science system has increased and that researchers are
more socially accountable. But in his view both the ‘con-
text of application’ and ‘transdisciplinarity’ has always
existed, while novel criteria of quality control are not
yet apparent. Similarly, Weingart (1997) considers all
attributes to be present in policy-relevant science, except
for novel quality criteria.

5.5. Theoretical underpinning

Shinn (2002) discusses a second conceptual problem.
He is concerned about the lack of theoretical under-
pinning of NPK’s sociological framework. In Shinn’s
reading, ‘anti-differentiationism’ is the central feature
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of NPK’s approach, as it blurs the boundaries between
academic, technical, industrial, political and sociolog-
ical institutions. However, this central idea ‘is never
buttressed with sociological theory, concepts or models’
but it ‘stands as a free-floating, unintegrated component’
(p. 604). NPK does not account for ‘how differentia-
tions have operated in the past, how and why they would
have eroded, and what their putative demise implies for
sociological theory’ (p. 611).

This criticism is not completely fair. The fact that
NPK does not talk about the past indeed is a severe lim-
itation that calls for further study. However, although its
treatment of the mechanisms may not be sociologically
sound, it does provide an account of the why and how of
the erosion of differentiations. It refers to causal forces
in the supply and in the need of knowledge and it offers
an explanation of the putatively increasing interactions
across disciplinary and institutional boundaries. Explicit
relations with sociological theory are indeed absent in
NPK, but these receive some attention in the follow-up
book Re-thinking Science.

5.6. Mode 2: wishful thinking?

Several authors complain about the uncritical blend
of descriptive and normative content in NPK. According
to Godin (1998), the talk of Mode 2 is more a politi-
cal ideology than a descriptive theory. He associates the
message with a ‘polarized rhetoric’, which ‘denounces
many of the characteristics of contemporary research and
training in the name of social and political desiderata
which are themselves in exact opposition to characteris-
tics of traditional academic research’ (p. 479). The lack
of empirical foundations makes this a dangerous situa-
tion from a policy standpoint as it can easily raise the
impression that the current research system needs to be
replaced. Godin warns that some readers of NPK may
conclude that the old system and the old academics are
wrong and that a new type of research would be better
than traditional academic research.

The comments made by Shinn (2002) are similar:
‘Instead of theory or data, the New Production of Knowl-
edge — both book and concept — seems tinged with
political commitment’ (p. 604). Shinn perceives the
authors as being in favour of a new cognitive and social
order. In his reading, they aim to support Mode 2 by
persuading others to believe in its importance and desir-
ability.

This relates to what Weingart (1997) calls ‘perfor-
mative discourse’. He also has the impression that the
idea of Mode 2 is part of a normative program rather
than an empirical analysis (p. 608), but in this remark

he mistakenly fails to distinguish between Mode 2 and
post-normal science. In fact, the latter indeed contains
strong normative elements, but — as we have argued in
Section 4 — this is exactly the main difference from the
former.

Some commentators have indeed treated NPK as a
prescriptive rather than a descriptive theory. For instance,
the criticism uttered by Jansen (2002) and Jacob (2000)
is more concerned with the problems of bringing Mode 2
into practice than with the question whether the change is
actually taking place. In contrast to the previous critics,
however, these do not contest the fact that NPK may bear
a normative dimension, but question the validity of the
normative content itself.

5.7. Lack of future outlook

A minor comment to be mentioned here is expressed
by Weingart (1997), who accuses Gibbons et al. of not
being clear with regard to the persistence of Mode 1
knowledge production (p. 593). NPK indeed is some-
what ambivalent in its future outlook. On the one hand,
the authors acknowledge that the disciplinary forms of
cognitive and social organisation continue to be prerequi-
site of identity, as happens during education and training.
On the other hand, they expect that eventually ‘Mode 1
will become incorporated within the larger system which
we have called Mode 2’ (p. 154), but this statement does
not receive any explication. What Gibbons et al. exactly
expect to remain of Mode 1 research, therefore, remains
vague.

5.8. Concluding remarks

Clearly, the empirical validity of the Mode 2 claims is
limited. On a generic level, critics convincingly indicate
two major problems. First, the NPK authors disregard
the diversity of science and second, their historical view
is mistaken. Moreover, some of the Mode 2 attributes
are heavily disputed. In particular empirical evidence to
show the rise of reflexivity, transdisciplinarity, and new
modes of quality control is lacking.

Concerning NPK’s conceptual strength, one can
argue that more links to sociological theory are required.
We consider the problem of a lack of coherence more
serious. Given the fact that the different attributes of
Mode 2 receive assent to varying degrees, there seems no
compelling reason to tie them together under a common
heading. Whether Mode 2 has ‘recognisable cognitive
and organisational stability’ is highly questionable.

In our opinion, the comments regarding the norma-
tive message of NPK do some injustice the content of
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the book.!® A careful reading reveals that the authors
do not have explicit normative intentions. On the first
page, Gibbons et al. already mention that their intentions
are descriptive rather than normative: ‘No judgement is
made as to the value of these trends — that is, whether they
are good and to be encouraged, or bad and resisted . ...
The remainder of this sentence, however, can explain
some of the confusion: ‘... —but it does appear that they
occur most frequently in those areas which currently
define the frontier and among those who are regarded
as leaders in their various fields.” Strictly speaking, this
sentence does not qualify Mode 2 as better than Mode 1,
but it does hint in this direction. So there is some rhetoric,
and as rhetorics about science can lead to social reality
(Van Lente and Rip, 1998), the critics have right to com-
plain. This means, thus, that the NPK authors could have
been a bit more careful in distancing themselves from
normative claims, that is, if that was their intention.2% In
addition, more clarity with regard to the future of Mode
1 knowledge production is desirable.

6. Towards a research agenda

Our comparison with alternative diagnoses of the
dynamics of contemporary science systems shows the
particularly wide scope of the concept of Mode 2
knowledge production. The diagnosis expressed in NPK
(Gibbons et al., 1994) includes statements about changes
on the cognitive, organisational and the societal level.
Whatever one may think of the adequacy of its analysis,
this must be regarded as an accomplishment. Thanks to
its breadth, NPK has created a forum to discuss a wide
range of putative trends.

There are certainly big differences in aims and scope
between the various diagnoses that we have addressed
in Section 4. An important difference is their balance
between descriptive and normative content. While the
‘post-normal’ science literature shows a clear norma-
tive orientation, others primarily limit themselves to
reporting observations. Another difference is between
heterogeneous research programmes (such as Triple
Helix and innovation systems) and well-defined analyses
(such as NPK and Academic Capitalism).

However, as displayed in Table 3, the content of the
various accounts show strong similarities. The claim

19 Neither Godin, Shinn nor Weingart support their objections with
citations from the book.

20 Note, however, that even when the authors did not have any nor-
mative ambitions, the notion of Mode 2 could be taken up by others as
a direction to follow. Texts have a life on their own, beyond the reach
of authors, and may lead to self-propelling dynamics.

that the content of scientific research agenda is cur-
rently changing recurs in all diagnoses: all address a turn
towards more relevant research, research that (sooner
or later) may lead to applications in the form of inno-
vations or policy. Furthermore, all approaches point to
more interactive relationships between science, industry
and government. In conclusion, at least two character-
istics of knowledge production that NPK claims to be
undergoing change find strong resonance in the alterna-
tive diagnoses. In other words, there is some degree of
consensus on these points.

The other characteristics that are addressed in the
Mode 2 diagnosis are much more contested. The con-
viction that the shift towards more relevant knowledge
production also involves a change in the research
methods is hardly shared by other diagnoses. The
same holds for the claims that the disciplinary map
is undergoing profound changes and that there is a
rise of novel modes of quality control. To conclude
from this comparison then, that these three claims are
wrong, would be too quick. It does point, however,
to the need for empirical evidence for the putative
changes.

The Mode 2 claims have received mixed reactions:
hundreds of papers cite NPK affirmatively and policy
makers use the arguments, but there is also serious crit-
icism. An analysis of the receptions of NPK in the
literature has yielded a list of seven objections, which
we divided into three categories: the empirical validity,
the conceptual strength, and the political value of NPK.

Empirical validity

1. There is a lack of empirical evidence for the rising
importance of the attributes of Mode 2 (Godin, 1998;
Weingart, 1997; Hicks and Katz, 1996).

2. The long-term historical perspective is incorrect: the
view of Mode 1 as the original type of knowledge
production is contested (Etzkowitz and Leydesdorff,
2000; Rip, 2000; Pestre, 2003).

3. The universality of the claims is not justified:
in contrast with the generality of NPK, scholars
expect the dynamics to be different in different
national contexts and in different scientific dis-
ciplines (Tuunainen, 2005; Albert, 2003; Shinn,
2002).

Conceptual strength

4. The necessary coherence of the concept is ques-
tionable: there might be a lot of multi-disciplinary,
application-oriented research that does not show
organisational diversity or novel types of quality
control (Rip, 2002b).
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5. The claims lack a theoretical underpinning and ref-
erences to sociological theory (Shinn, 2002).

Political value

6. The authors seem to implicitly support the observed
trends (Shinn, 2002; Godin, 1998; Weingart, 1997).

7. The book lacks a proper future outlook (Weingart,
1997).

These seven objections point to problems with the
content as well as to problems with the form of NPK.
The last three accusations, for instance, merely deal
with the form that NPK’s authors have chosen to present
their message. In fact, they indicate that NPK does not
always meet the standards that a scientific reader expects.
Although many critics have treated it as a scientific the-
ory, we rather suggest conceiving it as a manifesto,?! in
which the authors are more concerned with getting the
message across than with building sociological theories
or with carefully distinguishing their observations from
their opinions.

However, this observation does not necessarily affect
the validity of the descriptive and conceptual content of
NPK. Even the most carelessly written manifesto can
still point in the right direction. And, in the case of NPK,
even if both complaints about its political value were cor-
rect, the concept of Mode 2 can still be useful: they affect
the appreciation of NPK as a book, but not necessarily
as a descriptive project. The same holds for objection 5.
Yes, the lack of theoretical underpinning definitely con-
stitutes a limitation of NPK. Nevertheless, it does not
automatically have implications for the accuracy of its
diagnosis. The fact that the Mode 2 concept was intro-
duced without references to sociological theory does not
imply that it cannot be related to theory. For the con-
cept to be viable, however, it would be required to make
these references later to avoid it becoming a theoretical
‘island’.

The first 4 objections are more severe threats, espe-
cially the noted lack of coherence. Probably least
threatening is the mistaken historical perspective, as
this weakness can be corrected. In this respect, NPK
is simply wrong, as it gives a too linear account of the
historical dynamics of scientific practice. The sugges-
tion that a traditional disciplinary mode of research is
gradually giving way to a more interactive mode is not
historically correct. For example, intimate interactions
between science, invention and entrepreneurship were
already important in the British industrial revolution

21 Note that the volume was originally written for an audience of
policy makers rather than scientists.

(Freeman, 1997). Another example is the well-known
steep increase in prestige of and available funding for
basic research in disciplines such as chemistry and
physics just after WWII provides another illustration.
Inspired by the presidential advice by Bush (1945), west-
ern economies devoted large amounts of money to basic
research, as conducted in universities.?> This points to a
strong increase — or even stronger: a ‘lock-in’ (Rip, 2000)
—of Mode 1 at the expense of research with Mode 2 char-
acteristics. We should not regard the changing modes of
research as a one-dimensional development. Yes, it is
conceivable that currently Mode 2 knowledge produc-
tion is gaining importance in comparison with Mode 1.
But to view of Mode 1 as the ‘traditional’ mode, and
Mode 2 as the mode which introduces radically new char-
acteristics to scientific practice, is incorrect. As has been
suggested by Martin (2003), it may be more appropriate
to speak of ‘shifts in the balance of Mode 1 and Mode
2 over time’. Research is needed, then, to specify the
historical contingencies in the Mode 2 concept.

Problem 1 indicates a serious weakness of NPK:
its lack of empirical evidence. We concluded that
some claims are readily shared amongst alternative
approaches. Of the five attributes of Mode 2, the ‘context
of application’ and ‘heterogeneity’ receive assent both
in the alternative diagnoses and in the direct reactions to
NPK in scientific literature. For the other three (trans-
disciplinarity, reflexivity, and novel modes of quality
control), however, neither confirming nor falsifying evi-
dence is available. Further empirical research is required
to decide whether NPK’s claims about these points are
appropriate.

The idea of transdisciplinarity is contested. In their
reactions to NPK, several authors have addressed the
issue of interdisciplinarity with theoretical comments
(Godin, 1998) or empirical investigation (Hicks and
Katz, 1996). However, the question of NPK’s concept
of transdisciplinarity is still open, because this includes
additional features when compared to the concept of
interdisciplinary research. Is the integration of disci-
plinary research elements as dynamic as Gibbons et al.
argue? Numerous publications are available on the issue
of transdisciplinarity (Pohl, 2005; Lenhard et al., 2006;
Després et al., 2004), but these do not demonstrate the

22 Tronically, the original report did emphasize the importance of
interconnections between basic research and other parts of innova-
tion processes, too. However, the report has generally been interpreted
as a propaganda document advertising the importance of funding basic
research and viewing applied research as ‘second rate’ (Shapley and
Roy, 1985).
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actual diffusion of this mode of research.?> A question to
address in an empirical study is how often the research
outcomes are indeed communicated during the process
of knowledge production.

The claim of NPK that reflexivity and social account-
ability tend to increase also merits more research.
Slaughter and Leslie (1997), for instance, report that the
ambition to enhance human welfare does not seem to be
a first priority for scientific researchers. It remains to be
seen to what extent the (potential) relevance of their work
influences the choices researchers make about prob-
lem choice, research design and methods. This raises
questions about the reflexivity reported by Gibbons et
al. Can one discern an increased awareness of possi-
ble societal effects on the actual laboratory floor or is
it only visible during interactions of researchers with
their societal ‘stakeholders’? Following Weingart’s crit-
icism (Weingart, 1997), one can wonder whether the
trend of increased reflexivity is limited to policy-relevant
sciences. There are many other fields that appear to
have a stronger orientation towards commercial applica-
tions, but it is uncertain whether this makes the scientists
involved more reflexive.

About the possible new modes of quality control the
evidence is mixed. Some studies confirm the change
(Hemlin and Rasmussen, 2006) but others (Godin, 1998;
Weingart, 1997) reject it. In Swedish funding agen-
cies for technical research, applicability has become an
important criterion (Benner and Sandstrom, 2000), but
the impact of this change is still uncertain.?* After acom-
parison of funding practices in Sweden, the UK, Norway,
Canada and the USA, Benner and Sandstrom conclude
that, although new criteria such as utility and demands
from ‘customers’ have been added, research councils
preserve their core orientation: the collegial control and
evaluation of research (Benner and Sandstrom, 2000).
In the Netherlands, societal relevance is a structural
element of the evaluation procedure of research group
performances (VSNU/NWO/KNAW, 2003). However,
it is unclear how important this specific criterion is
and how it should be measured. Recently a number

23 1t must be noted that various definitions of transdisciplinarity are
available, some in disagreement with NPK (Lawrence and Després,
2004). For some (Regeer and Bunders, 2003), the distinctive charac-
teristic of transdisciplinary research is the inclusion of knowledge of
non-scientists. Strictly speaking, however, this feature is more related
to what Gibbons et al. call ‘heterogeneity’ than to their concept of
transdisciplinarity.

24 The new criteria employed by the funding agencies have aroused
a debate including public letters signed by hundreds of university
professors (Benner and Sandstrom, 2000).

assessment tools have been developed and tested which
address criteria for societal relevance. Examples are
the ‘societal quality research profile’ (SQRP) in health
research (Spaapen, 1995) and the ‘research embed-
ment and performance profile’ (REPP) of agricultural
sciences (Wamelink and Spaapen, 1999) and pharmaceu-
tical research (Dijstelbloem et al., 2002). Novel modes
of quality control also figure prominently in post-normal
science literature. In this context, scholars have devel-
oped novel assessment systems which contain additional
criteria in which non-academics have an important place
(Van der Sluijs et al., 2005). It is unclear, however, on
what scale this type of evaluations has been adopted to
date. Quality control is a broad phenomenon that com-
prises diverse practices. In the NPK definition, quality
control is the set of procedures and criteria that con-
stitute the ‘selection mechanism of problems, methods,
people and results’ (p. 32). This implies that it includes
the assessment of research proposals applying for fund-
ing, manuscripts for publication in scientific journals,
applications for conference contributions, applications
for academic positions, and performances of research
groups, programmes and projects. The question, then, is
to what extent the novel criteria count in all these prac-
tices. It is conceivable that relevance or applicability is
of more decisive importance as a criterion for attributing
funding than it is for assessing candidates for academic
positions. To put it simply, the issue at stake is: What
rewards do researchers receive for conducting relevant
research?

The disregard of the diversity of scientific practice
constitutes another weakness in the Mode 2 diagno-
sis. NPK raises the impression of a dichotomy of two
research modes. Contemporary philosophy and sociol-
ogy of science, however, emphasise the heterogeneity of
scientific practices (Stengers, 1997). Scientific research
is carried out in an endless variety of ways. Mod-
ern science is a ‘patchwork of very different activities,
joined together under an umbrella label, SCIENCE’
(Rip, 1997). It is improbable that they can all be classi-
fied as either Mode 1 or Mode 2 knowledge production.
Probably it is much more valid to speak of Mode 1 and
Mode 2 as the extremes of a continuum than of them as
two mutually exclusive categories. In this way Mode 1
and Mode 2 are ideal types, rather than really existing
phenomena®’ and this raises the possibility to position

25 Muller 2000 as cited in Tuunainen (2005, p- 282): NPK over-
dichotomizes the evolution of science ‘presenting it as two discrete
ideal types that probably never exist in their pure form in the real
world’.
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existing practices of knowledge production on the con-
tinuum. It seems, however, that currently the knowledge
is lacking for systematically positioning the different dis-
ciplines and subfields. Although several scholars argue
against the generality of NPK, they only offer rough
estimations of the differences between the disciplines.

An important lesson of our review is that in inves-
tigating changes in contemporary science systems, one
should take into account the diversity of science. Due to
the heterogeneity of scientific practice, the emergence
of new modes of knowledge production will not have
the same impact in the whole science system. Its impor-
tance may vary in national contexts (Shinn, 2002) and in
scientific disciplines (Albert, 2003). Disciplinary char-
acteristics that influence the shifts in balance between
different modes of knowledge production need not be
limited to the content of their inquiries but include fea-
tures of social organisation (Whitley, 1984) too. Further
research must show how visible the various Mode 2
attributes are in different disciplines and in different
countries.

The problem of the lack of coherence is probably the
largest threat to the Mode 2 concept. The disagreement
about the five attributes of Mode 2 and their relative
importance shows, in the end, that there is no compelling
reason why they should operate together.”® It seems
more appropriate to regard the individual attributes as
separate trends than as characteristics of a general devel-
opment. Literature suggests that there may be a lot of
research with one or more of the features, but that the
amount of work assembling all five is marginal. For this
reason, we propose to untie the wrapping around the
Mode 2 concept. The individual trends that it addresses
definitely deserve further research, but this should be
conducted separately, ignoring the common heading of
Mode 2.

6.1. To conclude

NPK has been successful as a manifesto. With its
broad scope and evocative claims it has raised con-
siderable attention in the area of science policy. It
identifies a number of trends which still deserve further
consideration. A review of alternative accounts and crit-
icisms shows that the Mode 2 diagnosis of contemporary
dynamics of scientific practice contains some adequate
claims, and that some claims seem doubtful (the rise of
transdisciplinarity, reflexivity and novel modes of quality
control). Moreover, the generality of the arguments, the

26 This problem is also mentioned by Yearley (2005, p. 108).

linear historical perspective and the necessary coherence
of the original Mode 2 arguments are all problematical.
The next step we suggest in re-thinking new knowledge
production is addressing the following three empirical
questions:

1. Do transdisciplinary research activities, with a
dynamic integration of theoretical and practical
components from various disciplines, constitute a
substantial part of contemporary science systems?

2. Are university scientists in general increasingly
reflexive, in the sense that they are aware of the
potential societal effects of their research and take
these into account in their choice of research objects,
methods and approaches?

3. Do new criteria, relating to the societal relevance of
research results, currently count significantly in all
types of scientific quality control, not only in fund-
ing allocation, but also in retrospective evaluations of
individuals, projects or organisations?

To scholars addressing these three questions we
strongly recommend taking into account the heterogene-
ity of science, paying attention to the differences between
scientific fields and national contexts.

The conclusion of this paper is that the viability of
an aggregate Mode 2 claim that is constituted by five
attributes is limited. Our review shows that it is time
to disconnect the five major constitutive claims and to
investigate them separately.
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