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PREFACE

I was deeply honoured to participate in the celebration of the 50th
anniversary of the University of Ghana and to be invited to give the
Aggrey-Fraser-Guggistorg Memorial Lectures. These lectures re-
call the memory of Joseph Aggrey, the great African spokesman
for racial harmony and equality; Alexander Fraser, the first princi-
pal of Achimota College, a far-sighted educationalist who saw
clearly the potential of an educated Africa; and the administrator,
Gordon Guggisberg, who was responsible for the growth and de-
velopment of excellence in Achimota College. These three indi-
viduals between them set both the structure and the standards of
excellence for higher education in Ghana. Being innovators, they
would have known that innovation is not a one-off adjustment but
acommitment to a process of continual change, and so it is appro-
priate that, from time to time, we come together to review progress
and to consider what changes still need to be made. The distin-
guished speakers who have preceded me have, in one way or an-
other, addressed this theme of innovation in the university and in
society more generally, albeit from very different perspectives. |
hope that at the end of these lectures you will agree that | have
kept to this tradition.

I should perhaps say something about the provenance of the
ideas presented here. Lecture 1 and the part of Lecture 2 con-
cerned with the role of universities in economic development have
been drawn from previously published work, notably from The New
Production of Knowledge: Science and Research in Contempo-
rary Societies, by M. Gibbons, C. Limoges, H. Nowotny, S.
Schwartzman, P. Scott and M. Trow, published by Sage in 1994.
The parts of Lecture 2 concerned with the emergence of Mode 2
society and much of Lecture 3 draw upon as yet unpublished work
being carried out by M. Gibbons, H. Nowotny and P. Scott. As
these ideas are still being developed, it is possible that they may
have been modified when a final text is ready for publication. |
want to acknowledge the contributions of my colleagues, H.
Nowotny and P. Scott, to the substance of these lectures. Of course,
I accept full responsibility for what | have written, but | ask their



indulgence if | have in any way misrepresented or inadequately
presented the ideas which they have allowed me to share.

My wife Gillian and | want to express our special gratitude to
Ivan and Nana Addae-Mensah and to George and Teresa Daniel.
For the Vice-Chancellor and Registrar, in particular, the 50th anni-
versary celebrations must have been among the busiest of times.
Yet, they found time to spend with us and saw that we were intro-
duced to the truly wonderful country that Ghana is. We thank them
for this experience and for the memories of Ghana which will re-
main with us always.

March 1999 Michael Gibbons



PROLOGUE

It is an accepted part of contemporary discourse to speak of scien-
tific revolutions. The first one, by common consent, began some-
time in the 16th and 17th centuries and is most frequently associ-
ated with the names of Copernicus, Kepler, Galileo, and Newton.
Since that first revolution, there have of course been many others.
They too are associated with particular names: Harvey, Lyell, Boyle
and Lavoisier; and, more recently, Heisenberg, Einstein, Crick and
Watson. The contributions of each of these, and many more be-
sides, have been described in terms of revolutions because they
have transformed our ways of thinking about some aspect of the
physical universe. In the 1960s, Thomas Kuhn generated a minor
academic industry when, in his book, The Structure of Scientific
Revolutions, he drew attention to the fact that scientific revolu-
tions were discontinuous jumps — paradigm shifts in our ways of
viewing the world. Kuhn’s pioneering work did much to increase
our understanding of scientific change and, in particular, taught us
to explore more fully the distinction between revolutionary and
normal science.

By contrast with scientific revolutions, it is much less com-
mon to speak of research revolutions. Research commonly refers
to what scientists do and how they do it. A revolution, under this
description, would be a shift of research practices and methods or
techniques, rather than a change in how we think about the physi-
cal universe. However, the situation is further complicated by the
conjunction of two terms science and research to create the term
‘scientific research’. Scientific research refers to a particular way
of ‘doing’ science — particular ways scientists generate knowl-
edge using the accepted canons of empirical method. Unfortunately,
the phrase ‘scientific research’ also carries the implication that other
methods of identifying and solving problems are, or might in some
way be, ‘unscientific’;and in our society to be labelled unscientific
is to be consigned to the outer fringes of respectability.

Despite these terminological difficulties, it will be argued in



these lectures that we are in the midst of a research revolution.
Using terms that will become more familiar in due course, we are
witnessing the emergence of new forms of knowledge production;
that is to say, new research practices and new forms of collabora-
tion are transforming what ‘scientists’ do and how they do it. The
new mode of knowledge production is transforming what it means
to be a scientist and what is involved in doing ‘good science’. As
such, the research revolution touches the core beliefs and organi-
zational structures of all the social institutions concerned with
knowledge production — and none more so than the universities
which from the end of the Second World War have become the
primary institutions involved in the production of that particular
kind of research known as pure science. It is to be expected, then,
that any change in research practices, or in what it means to do
good science, will be vigorously contested in the universities which
have invested so much in a particular way of carrying out research.
It is for this reason that these lectures will concentrate on the im-
pact of changing research practices on academics and universities
respectively. Though the research revolution is affecting the struc-
ture and organization of industrial laboratories and government
research establishments as well, it is only the universities that have
organized themselves to pursue and defend the values of one par-
ticular way of generating knowledge, while at the same time pro-
viding training for future generations of researchers. Other organi-
zations can generate particular types of knowledge internally if they
wish, for example by setting up R&D departments. But neither
government laboratories nor industrial corporations have, so far at
least, taken on the burden of training the next generations of re-
searchers. And, since the organization of teaching and research are
interconnected in universities in the contemporary definition of a
university, changes in the way research is carried out which might
move it away from the existing disciplinary structure are bound to
create tensions between the — heretofore — symbiotic relation-
ship between teaching and research.

In these lectures, the term ‘research revolution’ will be used
heuristically to help throw light on the changing relations between
science and research, on the one hand, and between universities



and other knowledge-producing institutions, on the other. Broadly,
we envisage a transition from a culture of science to a culture of
research and, as we will see, this shift requires profound changes in
the nature of knowledge production and of the institutions in which
it is carried out. In terms which will be explored more fully later,
the research revolution, in so far as it affects universities, can be
described in terms of three phases or aspects of a more pervasive
research revolution.

The first phase of the research revolution begins with the in-
stitutionalization of discipline-based science in universities which
occurred massively after the end of the Second World War and
which has continued to the present day. However, this process con-
tained an instability — a heavy dependence on the state for fund-
ing. However, when the external conditions began to alter, that is,
as the Cold War came to an end and governments began to ques-
tion afresh the relation of science to the state, many academics
responded by taking a more ‘experimental’ approach to their par-
ticipation in research. This expansion of experimental behaviour
and the greater variety of research practices to which it has by now
given rise underpin a new culture which may be more accurately
called a culture of research than a culture of science. The emerging
research culture is characterized by a new mode of knowledge pro-
duction which we have labelled Mode 2, to distinguish it from the
more familiar research practices associated with disciplinary sci-
ence, labelled Mode 1

The second phase refers to that development which began in
earnest in the 1970s when universities moved progressively from
consultancy, through technology transfer, to taking equity, with
others, in the capitalization of the knowledge generated through
their own research. In becoming involved in the capitalization of
knowledge, universities have indicated their intention to play amore
direct role in economic development, a role that takes them be-
yond the provision of qualified manpower, on the one hand, or the
provision of fundamental knowledge, on the other. To help under-
stand the implications of this, the notion of ‘Mode 2 society’ is
introduced. In line with the general characteristics of Mode 2 soci-



ety, universities have adopted forms of organization and research
practices which resemble those which can also be found in many
industrial laboratories. Change, however, has not been in one di-
rection only, from industry to the universities. Industry, too, has
now adopted some of the forms of research and patterns of re-
search behaviour which have been found successful in universities.
Both types of organization have become more open and permeable
to one another as their common interests in knowledge production
have begun to converge.

The third phase traces the implications of the changes taking
place in the second phase of the research revolution on the wider
relationship between universities and society. It is argued that as
universities open up and begin to play a more participative role in
society as evidenced, for example, in the case of economic devel-
opment, they are furthering a much larger social process in which
institutional boundaries, in general, are becoming more permeable,
scientific identities more blurred, and, as a consequence, research
practices more diverse. In the third phase of the research revolu-
tion, universities are becoming more closely intertwined not only
with industry but w #h society at many different levels. This means
that many more academics now work in one, or perhaps several,
problem contexts and have begun to adopt a variety of research
practices. Both Mode 2 knowledge production and Mode 2 soci-
ety are shown to exhibit similar characteristics of uncertainty, open-
ness, flexibility and reflexivity, and this is used to support the con-
tention that research and society have become linked in a
revolutionary process. One outcome, then, of the research revo-
lution, so far, is the emergence of a new mode of knowledge pro-
duction, linked in arevolutionary process to parallel changes in
society. This coevolutionary relationship yields no longer disinter-
ested knowledge, nor merely useful knowledge, but socially-ro-
bust knowledge, which researchers and society produce jointly. The
joint production of knowledge requires a new vision of science and
new types of universities to promote it. Scientists who adopt this
vision will be active in the agora and will take their universities not
only into the market but beyond it.



Lecture 1

THE RESEARCH REVOLUTION — PHASE 1:
FROM A CULTURE OF SCIENCE TO A CULTURE OF
RESEARCH

Summary

In this lecture, we describe how universities took on the mantle of
research. Of course, it was a special kind of research, the kind now
identified with basic science. The outcome was the institutionaliza-
tion within universities of adisciplinary structure which has contin-
ued in existence up to the present. The structure of disciplinary
knowledge, which is labelled Mode 1, is contrasted with that of a
new mode of knowledge production, called Mode 2. The purpose
of this distinction is to set the stage for a description of a larger
research revolution around which the three lectures are organized.
The research revolution has proceeded, so far at least, in three
phases. The first phase which brought research of a particular kind
— basic research — into universities reflected the conditions of its
inception: the Cold War and a social structure characterized by
three largely distinct institutional formations that governed the fund-
ing and execution of research — the state, industry and the univer-
sities. These initial conditions have now largely disappeared. Re-
search in support of military goals has been replaced by research
aimed at improving international competitiveness and the quality
of life in a large number of dimensions. This large scale shift in
political and social priorities has meant that traditional institutional
sources for the support of university research have either disap-
peared or have changed their orientation and launched out onto
new programmes. Not surprisingly, these structural changes have
provoked changes in the behaviour of many academics. Generally,
they have adopted a wider range of experimental approaches to the
types of research in which they are prepared to become involved.
The cumulative result of this experimentation has been a shift in



research practices amongst scientists. In particular, research prac-
tices are no longer governed solely by the norms of discipline-based
science. The emergence of new research practices underpins our
argument that a new mode of knowledge production has come into
existence.

INTRODUCTION

It is hardly controversial to assert that it is only recently that uni-
versities have organized themselves to carry out research. Although
individual research activities can be found in universities going back
to the 19th century and beyond, it is really only since the end of the
Second World War that research - particularly basic research - has
been institutionalized in the universities and become one of their
core values. Throughout the 20th century, universities have added
the function of generating new knowledge to their previous ones
of preserving knowledge and transmitting it.

The research enterprise that has gradually been put in place in
universities is guided by a set of research practices — a system of
behavioural and institutional norms — which ensures that results
are sound. These research practices set the terms of what shall
count as knowledge, who shall be allowed to participate in its pro-
duction, and how accreditation shall be organized. These practices
have generated what is known as the disciplinary structure of sci-
ence and this structure, in turn, has come to govern the manage-
ment and organization of universities today. In particular, it should
be noted that the disciplinary structure is specialist. Whether in
sciences, the social sciences, or the humanities, specialism has been
seen as a secure way to advance knowledge.

The disciplinary structure also organizes teaching by provid-
ing a framework for the curriculum. The disciplinary structure is
the essential link which connects teaching and research and which
underpins the argument that in universities they properly belong
together. Of course, research not only adds to the stock of special-
ist knowledge but transforms it as well. The research enterprise is
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dynamic. Its research practices articulate the disciplinary structure
and, over time, change what is regarded as the essential ideas, tech-
niques and methods to be learned.

CHANGING RESEARCH PRACTICES: MODE 1AND
MODE 2

It is a characteristic of the research enterprise to break out of exist-
ing cognitive structures. But, today, the mode of knowledge pro-
duction is also changing as new research practices are being intro-
duced to cope with the complexities of the research questions which
need to be addressed. Two modes of knowledge production —
Mode land Mode 2 — can be distinguished, each associated with
a distinctive set of research practices. As indicated, most universi-
ties make use of a model of knowledge production that has a disci-
plinary basis. This structure provides the guidelines about what the
important problems are, how they should be tackled, who should
tackle them, and what should be regarded as a contribution to the
field. In brief, the disciplinary structure defines what shall count as
‘good science’. Because the disciplinary structure has been institu-
tionalized in universities, naturally they have become the primary
legitimators of this form of excellence. The currently-institutional-
ized mode of knowledge production is, for the purposes of this
paper, labelled Mode 1. But a new mode of knowledge produc-
tion may be emerging. The new mode of research production is
appearing across the board in the sciences, the social sciences and
the humanities. It is labelled Mode 2, and its characteristics are an
essential ingredient to understanding the role of knowledge and
curricula in the universities of the future.

Above all, the principal differences between Mode land Mode
2 need to be clarified. The term Mode 1refers to a form of knowl-
edge production — acomplex of ideas, methods, values, norms —
that has grown up to control the diffusion of the Newtonian ideal
of mathematical science to more and more fields of enquiry and
ensure its compliance with what is considered sound scientific prac-



tice. Mode 1lis meant to summarize in a single phrase the cognitive

and social norms which must be followed in the production, legiti-
mation and diffusion of knowledge of this kind. For many, Mode 1
is identical with what is meant by science. Its cognitive and social

norms determine what shall count as significant problems, who shall

be allowed to practice science and what constitutes good science.

Forms of practice which adhere to these rules are by definition

‘scientific’, while those that violate them are not. It is partly for
these reasons that whereas in Mode 1itis conventional to speak of
science and scientists, it has been necessary to use the more gen-
eral terms — knowledge and practitioners — when describing Mode

2. This is intended merely to highlight differences and not to sug-
gest that practitioners of Mode 2 are not behaving according to the

norms of scientific method.

The argument being developed in this lecture is that there is
sufficient empirical evidence to indicate that a distinct set of cogni-
tive and social practices is beginning to emerge and that they are
different from those that govern Mode 1 The only question may
be whether they are sufficiently different to require a new label, or
whether they can be regarded simply as developments that can be
accommodated within existing practices. The final answer to this
question depends, in part, on how Mode 1adapts to changing con-
ditions in the economic and political environment of research.

Changes in practice provide an empirical starting point. They
can be described in terms of a number of attributes which when
taken together have sufficient coherence to suggest the emergence
of a new mode of knowledge production. Analytically, the set of
attributes are used lo allow the differences between Mode 1 and
Mode 2 to be specified. We summarize using terms which will be
explored more fully below: in Mode 1, problems are set and solved
in a context governed by the (largely academic) interests of a spe-
cific community. By contrast, Mode 2 knowledge is carried out in
a context of application. Mode 1 is disciplinary while Mode 2 is
transdisciplinary. Mode 1is characterized by homogeneity, Mode
2 by heterogeneity. Organizationally, Mode 1 is hierarchical and
tends to preserve its form, while Mode 2 is more heterarchical and
transient. Each employs a different type of quality control. In



comparison with Mode 1, Mode 2 is more socially accountable
and reflexive. It includes a wider, more temporary and heterogene-
ous set of practitioners, collaborating on a problem defined in a
specific and localized context. As such, it involves a much-expanded
system of quality control.

SOME ATTRIBUTES OF KNOWLEDGE PRODUCTION IN
MODE 2

In summary, then, Mode 2 is characterized by:

1 Knowledge produced in the context of application.

2. Transdisciplinarity.

3. Heterogeneity and organizational diversity.

4. Enhanced social accountability.

5 More broadly-based system of quality control.

Let us consider each of these characteristics in greater detail.

Knowledge Produced in the Context of Application

The relevant contrast here is between problem-solving which is
carried out following the codes of practice relevant to a particular
discipline, and problem-solving which is organized around a par-
ticular application. In the former, the context is defined in relation
to the cognitive and social norms that govern basic research or
academic science. Latterly, this has tended to imply knowledge
production carried out in the absence of some practical goal. In
Mode 2, by contrast, knowledge results from a broader range of
considerations. Such knowledge is intended to be useful to some-
one, whether in industry or government, or society more generally,
and this imperative is present from the beginning. Knowledge thus
produced is always produced under an aspect of continuous nego-
tiation, i.e. it will not be produced unless and until the interests of
the various actors are included. Such is the context of application.
Application, in this sense, is not product development carried out



for industry, and the processes or markets that operate to deter-
mine what knowledge is produced are much broader than what is
normally implied when one speaks about taking ideas to the mar-
ket place. Nonetheless, knowledge production in Mode 2 is the
outcome of a process in which supply-and-demand factors can be
said to operate, but the sources of supply are increasingly diverse,
as are the demands for differentiated forms of specialist knowl-
edge. Such processes or markets specify what we mean by the con-
text of application. Because they include much more than commer-
cial considerations, it might be said that, in Mode 2, science is both
in the market but also gone beyond it! In the process, knowledge
production becomes diffused throughout society. That is why we
also speak of socially-distributed knowledge.

Research carried out in the context of application might be
said to characterize a number of disciplines in the applied sciences
and engineering — e.g. chemical engineering, aeronautical engi-
neering or, more recently, computer science. Historically, these sci-
ences became established in universities but, strictly speaking, they
cannot be called applied sciences, because it was precisely the lack
of the relevant science that called them into being. They were genu-
inely new forms of knowledge, though not necessarily of knowl-
edge production, because they too soon became the sites of disci-
plinary-based knowledge production in the style of Mode 1 These
applied disciplines share with Mode 2 some aspects of the attributes
of knowledge produced in the context of application. But, in Mode
2, the context is more complex. It is shaped by a more diverse set
of intellectual and social demands than was the case in many ap-
plied sciences, and it may give rise to genuine basic research.

Transdisciplinarity

Mode 2 does more than assemble a diverse range of specialists to
work in teams on problems in acomplex applications-oriented en-
vironment. To qualify as a specific form of knowledge production
it is essential that inquiry be guided by specifiable consensus as to
appropriate cognitive and social practice. In Mode 2, the consen-
sus is conditioned by the context of application and evolves with it.
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The determinants of a potential solution involve the integration of
different skills in a framework of action, but the consensus may be
only temporary depending on how well it conforms to the require-
ments set by the specific context of application. In Mode 2, the
shape of the final solution will normally be beyond that of any sin-
gle contributing discipline. It will be transdisciplinary.

Transdisciplinarity has four distinct features. Firstly, it devel-
ops a distinct but evolving framework to guide problem-solving
efforts. This is generated and sustained in the context of applica-
tion and not developed first and then applied to that context later
by a different group of practitioners. The solution does not arise
solely, or even mainly, from the application of knowledge that al-
ready exists. Although elements of existing knowledge must have
entered into it, genuine creativity is involved and the theoretical
consensus, once attained, cannot easily be reduced to disciplinary
parts.

Secondly, because the solution comprises both empirical and
theoretical components, it is undeniably a contribution to knowl-
edge, though not necessarily disciplinary knowledge. Though it has
emerged from a particular context of application, transdisciplinary
knowledge develops its own distinct theoretical structures, research
methods, and modes of practice, though they may not be located
on the prevalent disciplinary map. The effort is cumulative, though
the direction of accumulation may travel in a number of different
directions after a major problem has been solved.

Thirdly, unlike Mode 1, where results are communicated
through institutional channels, the results are communicated to those
who have participated as they participate and so, in a sense, the
diffusion of the results is initially accomplished in the process of
their production. Subsequent diffusion occurs primarily as the origi-
nal practitioners move to new problem contexts, rather than through
reporting results in professional journals or at conferences. Com-
munication links are maintained partly through formal and partly
through informal channels.

Fourthly, transdisciplinarity is dynamic. It is problem-solving
capability on the move. A particular solution can become the cog-
nitive site from which further advances can be made, but where this
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knowledge will be used next and how it will develop are as difficult
to predict as are the possible applications that might arise from
discipline-based research. Mode 2 is marked especially, but not
exclusively, by the ever-closer interaction of knowledge produc-
tion with a succession of problem contexts. Even though problem
contexts are transient, and problem-solvers highly mobile, commu-
nication networks tend to persist, and the knowledge contained in
them is available to enter into further configurations.

Heterogeneity and Organizational Diversity

Mode 2 knowledge production is heterogeneous in terms of the
skills and experience people bring to it. The composition of a prob-
lem-solving team changes over time as requirements evolve. This
is not planned or co-ordinated by any central body. As with Mode
1, challenging problems emerge, if not randomly, then in a way
which makes their anticipation very difficult. Accordingly, it is
marked by:

i. an increase in the number of potential sites where knowledge
can be created: no longer only universities and colleges, but
also non-university institutes, research centres, government
agencies, industrial laboratories, think-tanks, consultancies —
and in the interaction of all of these;

ii.  the linking of sites together in a variety of ways — electroni-
cally, organizationally, socially, informally — through func-
tioning networks of communication;

iii  the simultaneous differentiation, at these sites, of fields and
areas of study into finer and finer specialities. The recombina-
tion and reconfiguration of these subfields form the bases for
new forms of useful knowledge. Over time, knowledge pro-
duction moves increasingly away from traditional disciplinary
activity into new societal contexts.

In Mode 2, flexibility and response time are the crucial fac-
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tors and because of this the types of organization used to tackle
these problems may vary greatly. New forms of organization have
emerged to accommodate the changing and transitory nature of
the problems Mode 2 addresses. Characteristically, in Mode 2, re-
search groups are less firmly institutionalized: people come together
intemporary work teams and networks which dissolve when a prob-
lem is solved or redefined. Members may then reassemble in differ-
ent groups involving different people, often in different locations,
around different problems. The experience gathered in this process
creates a competence which becomes highly valued and which is
transferred to new contexts. Though problems may be transient
and groups short-lived, the organization and communication pat-
tern persists as a matrix from which further groups and networks,
dedicated to different problems, will be formed. Mode 2 knowl-
edge is thus created in a great variety of organizations and institu-
tions, including multinational firms, network firms, small hi-tech
firms based on a particular technology, government institutions,
research universities, laboratories and institutes, as well as national
and international research programmes. In such environments, the
patterns of funding exhibit a similar diversity, being assembled from
avariety of organizations with adiverse range of requirements and
expectations which, in turn, enter into the context of application.

Enhanced Social Accountability

In recent years, growing public concern about issues to do with
the environment, health, communications, privacy and procreation,
and so forth, have had the effect of stimulating the growth of
knowledge production in Mode 2. Growing awareness about the
variety of ways in which advances in science and technology can
affect the public interest has increased the numbers of groups who
wish to influence the outcome of the research process. This is re-
flected in the varied composition of the research teams. Social sci-
entists work alongside natural scientists, engineers, lawyers and
businessmen, because the nature of the problems requires it. Social
accountability permeates the whole knowledge-production proc-
ess. It is reflected not only in interpretation and diffusion of results,

13



but in the definition of the problem and the setting of research pri-
orities, as well. An expanding number of interest, and so-called
concerned groups are demanding representation in the setting of
the policy agenda as well as in the subsequent decision-making
process. In Mode 2, sensitivity to the impact of the research is
built in from the start. It forms part of the context of application.

Contrary to what one might expect, working in the context of
application increases the sensitivity of scientists and technologists
to the broader implications of what they are doing. Operating in
Mode 2 makes all participants more reflexive. This is because the
issues which forward the development of Mode 2 research cannot
be specified in scientific and technical terms alone. The research
towards the resolution of these types of problems has to incorpo-
rate options for the implementation of the solutions, and these are
bound to touch the values and preferences of different individuals
and groups which have been seen as traditionally outside the scien-
tific and technological system. They can now become active agents
in the definition and solution of problems as well as in the evalua-
tion of performance. This is expressed partly in terms of the need
for greater social accountability, but it also means that the indi-
viduals themselves cannot function effectively without reflecting
— trying to operate from the standpoint of — all the actors in-
volved. The deepening of understanding that this brings, in turn,
has an effect on what is considered worthwhile doing and, hence,
on the structure of the research itself. Reflection of the values im-
plied in human aspirations and projects has been a traditional con-
cern of the humanities. As reflexivity within the research process
spreads, the humanities too are experiencing an increase in demand
for the kinds of knowledge they have to offer.

Quality Control

Criteria to assess the quality of the work and the teams which
carry out research in Mode 2 differ from those of more traditional
disciplinary science. Quality in Mode 1is determined essentially
through the peer-review judgements about the contributions made
by individuals. Control is maintained by careful selection of those

14



judged competent to act as peers which is in part determined by
their previous contributions to their discipline. So, the peer-review
process is one in which quality and control mutually reinforce one
another. It has both cognitive and social dimensions, in that there is
professional control over what problems and techniques are deemed
important to work on, as well as who is qualified to pursue their
solution. In disciplinary science, peer review operates to channel
individuals to work on problems judged to be central to the ad-
vance of the discipline. These problems are defined largely in terms
of criteria which reflect the intellectual interests and preoccupa-
tions of the discipline and its gatekeepers.

In Mode 2, additional criteria are added through the context
of application which now incorporates a diverse range of intellec-
tual interests as well as other social, economic or political ones. To
the criterion of intellectual interest and its interaction, further ques-
tions are posed: ‘Will the solution, if found, be competitive in the
market? Will it be cost-effective? Will it be socially acceptable?’
Quality is determined by a wider set of criteria that reflects the
broadening social composition of the review system. This implies
that ‘good science’ is more difficult to determine. Since it is no
longer limited strictly to the judgements of disciplinary peers, the
fear is that control will be weaker and result in lower quality work.
Although the quality control process in Mode 2 is more broadly
based, it does not follow that because a wider range of expertise is
brought to bear on a problem that it will necessarily be of lower
quality. It is of a more composite, multidimensional kind.

THE COHERENCE OF MODE 2

These attributes, while not present in every instance of Mode 2,
do, when they appear, together have a coherence which gives rec-
ognizable cognitive and organizational stability to the mode of pro-
duction. Just as in Mode 1cognitive and social norms are adjusted
to one another and produce disciplinary knowledge, so in Mode 2
new norms are emerging that are appropriate to transdisciplinary
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knowledge. In all kinds of knowledge production, individual and
collective creativity find themselves in a varying relationship of ten-
sion and balance. In Mode 1, individual creativity is emphasized as
the driving force of development and quality control, operating
through disciplinary structures organized to identify and enhance
it; while the collective side, including its control aspects, is hidden
under the consensual figure of the scientific community. In Mode
2, creativity is mainly manifest as a group phenomenon, with the
individual’s contributions seemingly subsumed as part of the proc-
ess, and quality control being exercised as a socially-extended proc-
ess which accommodates many interests in a given application proc-
ess. Just as in Mode 1, knowledge was accumulated through the
professionalization of specialization largely institutionalized in uni-
versities, so in Mode 2, knowledge is accumulated through the
repeated configuration of human resources in flexible, essentially
transient forms of organization. The loop from the context of ap-
plication, through transdisciplinarity, heterogeneity and organiza-
tional diversity, is closed by new adaptive and contextual forms of
quality control. The result is a more socially accountable and re-
flexive mode of science. Many examples of these phenomena could
be drawn from the biomedical and environmental sciences.
Although Mode 1and Mode 2 are distinct modes of produc-
tion, they interact with each other. Specialists trained in the disci-
plinary sciences do enter Mode 2 knowledge production. While
some may return to their original disciplinary base, others will choose
to follow a trail of complex problem-solving that is set by a se-
quence of application contexts. Conversely, some outputs of
transdisciplinary knowledge production, particularly new instru-
ments, may enter into and fertilize any number of disciplinary sci-
ences. Because of such interactions, there may be a temptation to
reduce the new form to more familiar ones, to collapse Mode 2
into Mode 1, and thereby to minimize the significance of the changes
outlined above. Though Mode 2 knowledge production interacts
with Mode 1, it is different from it. Terms in common usage —
such as pre-competitive research, strategic research, mission-ori-
ented research, applied research, or industrial research and devel-
opment— still carry many of the social preconceptions of the func-
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tion of disciplinary science; in particular, the idea that disciplinary
science provides the inexhaustible well for future applications. The
beliefs that, if the disciplines do not flourish then fundamental
insights will be missed, or that foundational theoretical knowledge
cannot be produced and sustained outside of disciplinary struc-
tures, are deeply held and may account for the persistence of the
linear model of innovation in policy debates. Yet, it is increasingly
in computer, material, biomedical and environmental sciences that
theories are developed in the context of application, and these con-
tinue to fertilize lines of intellectual advance that lie outside disci-
plinary frameworks. In Mode 2, things are done differently and
when enough things are done differently, one is entitled to say that
anew form has emerged.

The reasons for the emergence of this new mode of knowl-
edge production at the present time are not hard to find. In the first
place, Mode 1 has been eminently successful. Scientists long ago
discovered that the most effective way to achieve this was through
a process of specialization in the cognitive realm, of
professionalization in the social realm, and institutionalization in
the political realm. This pattern has governed the diffusion of sci-
ence from one area of activity to another, and it has tended to treat
harshly those who tried to circumvent its controls. The disciplinary
structure of knowledge reflects the successful operation of this
pattern of cognitive and social control. But over the years, the
numbers of graduates grounded in the ethos of research, and hold-
ing some specialist skill, have been too large for them all to be
absorbed within the disciplinary structure. Some of them have gone
into government laboratories, others into industry, while others have
established their own laboratories, think-tanks and consultancies.
As a consequence, the number of sites where competent research
can be carried out has increased. These constitute the intellectual
resources for, and social underpinnings of, Mode 2. Seen from
another perspective, one might also say that the creation of many
new sites is an unintended result of the process of massification of
education and research.

The development of rapid transportation, information and
communication technologies has created a capability which allows
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these sites to interact. Mode 2 is critically dependent upon the
emerging computer and telecommunication technologies and will
favour those who can afford them. The interactions amongst these
sites of knowledge have set the stage for an explosion in the num-
bers of interconnections and possible configurations of knowledge
and skill. The outcome can be described as a socially-distributed
knowledge production system. In this system, communication in-
creasingly takes place across existing institutional boundaries. The
outcome is a web whose nodes are now strung out across the globe
and whose connectivity grows daily. Not surprisingly, when tradi-
tional scientists begin to participate in this, they are perceived to be
weakening disciplinary loyalty and institutional control. But con-
texts of application are often the sites of challenging intellectual
problems, and involvement in Mode 2 allows access to these and
promises close collaboration with experts from a wide range of
backgrounds. For many, this can be a very stimulating work envi-
ronment. Mode 2 shows no particular inclination to become insti-
tutionalized in the conventional pattern. The established structure
of science can be expected to be concerned about this and about
how quality control will be assured in a socially-distributed knowl-
edge production system, but it is now a fact of life. Mode 2 is a
response to the needs of both science and society. It is irreversible.
The problem is how to understand and manage it.

THE EMERGENCE OF A SOCIALLY-DISTRIBUTED
KNOWLEDGE PRODUCTION SYSTEM

The key change to note is that knowledge production is becoming
less and less a self-contained activity. As practised currently, it is
neither the science of the ‘universities’ nor the ‘technology’ of in-
dustry. It is no longer the preserve of a special type of institution,
from which knowledge is expected to spill over, or spin off, to the
benefit of other sectors. Knowledge production, not only in its theo-
ries and models but also in its methods and techniques, has spread
from academia to many different types of institutions. It is in this
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sense that knowledge production has become a socially-distributed
process. At its base lies the expansion of the numbers of sites which
form the sources for a continual combination and recombination of
knowledge resources. What we are seeing is the ‘multiplication of
the nerve endings of knowledge’.

The socially-distributed knowledge production system has five

principal characteristics:

1

There is an increasing number of places where recognizably-
competent research is being carried out. This can easily be
demonstrated by consulting the addresses of the authors of
scientific publications, though change is taking place so rap-
idly that the full extent of the social distribution of knowledge
production is probably no longer fully captured by the printed
word.

These sites interact with one another and, thereby, broaden
the base of effective interaction. Thus, contributions to the
stock of knowledge are derived from an increasing number of
tributarial flows from various types of institutions that both
contribute to, and draw from, the stock of knowledge.

The dynamics of socially-distributed knowledge production
lie in the flows of knowledge and in the shifting patterns of
connectivity amongst these flows. The connections may ap-
pear to be random, but they move with the problem context
rather than according either to disciplinary structures or the
dictates of national science policy.

The number of interconnections is accelerating, so far appar-
ently unchannelled by existing institutional structures, perhaps
for the reason that these connections are intended to be func-
tional and to survive only as long as they are useful. The ebb
and flow of connections follow the paths of problem interest,
and the paths of problem interest are no longer determined by
the disciplinary structure of science.
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5. The new mode of knowledge production exhibits heteroge-
neous, rather than homogeneous, growth. New sites of knowl-
edge production are continually emerging which, in their turn,
provide intellectual points of departure for further combina-
tions or configurations of researchers. In this sense, the so-
cially-distributed knowledge production system exhibits some
of the properties that are often associated with self-organiz-
ing systems in which the communication density is increasing
rapidly.

In summary, the distributed character of knowledge produc-
tion constitutes a fundamental change both in terms of the numbers
of possible sites of expertise and in their degree of interactivity. To
it are linked other dimensions of change which cannot be explored
here but which include: the increasing contextualization of knowl-
edge (including its marketability); the blurring of boundaries be-
tween disciplines and institutions and across institutional bounda-
ries; the fungibility of scientific careers; the transdisciplinarity of
research (and not only of hot topics); and the increasing impor-
tance of hybrid/ora — groups constituted through the interplay of
experts and non-experts as social actors — in the shaping of knowl-
edge. Of course, all of this has implications for the management of
the knowledge-production process and for the maintenance of qual-
ity control within it. A discussion of these, however, will have to
wait for another occasion.

SOME IMPLICATIONS OF MODE 2

The aim has been to draw attention to the existence of a number of
attributes associated with the new kind of production of knowl-
edge, and to show that these attributes possess sufficient coher-
ence to be called a new mode of production. We argue that, as
Mode 1has become the mode of production characteristic of disci-
plinary research institutionalized largely in universities, so Mode 2
is characterized by transdisciplinarity and institutionalized in a more
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heterogeneous and flexible socially-distributed system. Having out-
lined its main features, we are now in a position to consider the
implications of this development.

The massification of higher education and the appropriation,
after the Second World War, by the universities of a distinct re-
search function have produced increasing numbers of people fa-
miliar with the methods of research, many of whom are equipped
with specialized knowledge and skills of various kinds. Massification
is now a strongly entrenched phenomenon; it is international in
scope and is unlikely ever to be reversed. On the supply side, the
numbers of potential knowledge producers flowing out of higher
education is increasing and will continue to do so.

However, this expansion of higher education has an implica-
tion that has so far been little examined. Not only are an increasing
number of people familiar with science and competent in its meth-
ods, but also many of these are engaged in activities which have a
research dimension. They have brought their knowledge and skills
to bear on a wide range of problems, in contexts and situations
often very remote from the universities where they were originally
trained. Scientific and technological knowledge production are now
pursued not only in universities but also in industry and govern-
ment laboratories, in think-tanks, research institutions and consul-
tancies, etc. The expansion of higher education, internationally, has
meant that the numbers of potential sites where recognizably-com-
petent research is being performed have increased. The implica-
tion, not yet fully grasped, is that to the extent that universities
continue to produce quality graduates, they undermine their mo-
nopoly as knowledge producers. Many graduates have subsequently
become competent to pass judgement on university research, and
belong to organizations which might do the job just as well. Uni-
versities are coming to recognize that they are now only one player,
albeit still a major one, in a vastly-expanded knowledge produc-
tion process.

In parallel with this vast expansion in supply has been the
expansion of the demand for specialist knowledge of all kinds. The
interaction of supply and demand for specialist knowledge has many
characteristics of a market, but there are some crucial differences.
The function of a market is to bring supply and demand into bal-
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ance and to establish the terms of exchange. Traditionally, markets
are understood to establish the prices at which the supply and de-
mand of particular commodities will be in equilibrium. A market is
a mechanism for allocating resources — labour and capital — to
the production of commodities. It works most effectively in cases
for which there is already a clearly-specified demand and for which
the factors of production are available. But markets also have a
dynamic component. They can call forth new commodities the de-
mand for which barely exists, or, conversely, they can stimulate
demand for commodities whose features are as yet unclear. In dy-
namic markets, supply and demand mutually articulate one another.

Knowledge plays a crucial role in many dynamic markets. Itis
an important source of created comparative advantage for both its
producers and users of all kinds, and not only in industry. In some
of these markets, the terms of trade are more complex than may be
indicated by comparative levels of costs and prices, and the me-
dium of exchange more subtle than money. For example, in those
markets which articulate the supply and demand for knowledge
about the environment, there are many different kinds of exchanges
amongst the many participants, but the medium is a more complex
blend of individual and social values than could be captured by
monetary values alone. Because comparative advantage cannot be
reduced to economic criteria, such markets may be described as
social rather than commercial markets, but they are markets none-
theless. Within such markets, the sources of demand are manifold:
they come from society in the form of public enquiries of various
kinds; from governments in regard to a wide range of issues, such
as the adverse consequences of high-risk technologies; and from a
whole spectrum of institutions, interest groups and individuals who
need to know more about particular matters. This complex set of
actors form hybrid/ora which provide stimuli for both the supply
and demand of specialized knowledge. Both theoretical and practi-
cal knowledge is generated in these/bra.

The requirement of industry for knowledge, particularly for
the results of scientific and technological research, is widely appre-
ciated. The expansion of demand for a flow of specialist knowl-
edge amongst firms is perhaps less well understood. Specialist
knowledge is often a key factor in determining a firm’s compara-
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tive advantage. As the pressures of international competition in-
crease, firms have tried to meet the challenges presented through
the introduction of new technologies. New technology is a neces-
sary but not sufficient condition for successful innovative perform-
ance and, increasingly, technological innovation depends upon us-
ing specialized knowledge to develop technologies in directions
dictated by competitive pressures. Specialist knowledge is used
partly because it provides a constantly-replenishable source of cre-
ated comparative advantage, and partly because it can be difficult
to imitate, particularly by firms whose national culture does not
yet support a well-articulated science and technology infrastruc-
ture. Since, in many sectors, these firms represent the spearhead of
international competition, specialized knowledge is at a premium,
but its acquisition is difficult and often too expensive for individual
firms to replicate entirely in-house. To meet this exigency, firms
have become involved in acomplex array of collaborative arrange-
ments involving universities, governments and other firms, some-
times from within the same sector. In each case, supply and de-
mand are mediated by a market mechanism, but, again, it is not —
or need not be — a narrowly commercial one.

In these markets, knowledge itself may continuously be sought,
but more often than not, it is not readily available to be bought or
sold, off the shelf, like other commodities. It is increasingly gener-
ated in the market nexus itself. In producing specialized knowl-
edge, markets operate to configure human and physical resources
in a particular context of application. As a consequence of intensi-
fying competition, the numbers of these contexts is expanding but
they are also transient. Markets are dynamic. They set new prob-
lems more or less continuously, and the sites of knowledge pro-
duction and their associated networks of communication move on.
Knowledge is produced by configuring human capital. However,
unlike physical capital, human capital is potentially more malle-
able. Human resources can be configured again and again to gen-
erate new forms of specialized knowledge. The ability to do this
lies at the heart of many economies of scope which are currently
regarded as crucial to survival in the marketplace.

The core of our thesis is that the parallel expansion in the
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numbers of potential knowledge producers on the supply side, and
the expansion of the requirement of specialist knowledge on the
demand side, are creating the conditions for the emergence of a
new mode of knowledge production. The new mode has implica-
tions for all the institutions — whether universities, government
research establishments, or industrial laboratories — that have a
stake in the production of knowledge. The emergence of markets
for specialized knowledge means that, for each set of institutions,
the game is changing, though not necessarily in the same ways or
at the same speed. There is no imperative for all institutions to
adopt the norms and values of the new mode of knowledge pro-
duction. Some firms and universities are already a long way along
the path of change, and this is manifested in the types of staff they
recruit and in the complex range of collaborative agreements that
they enter. However, for the institutional goals to be achieved, the
rules governing professional development, and the social and tech-
nical determinants of competence, will all need to be modified ac-
cording to the extent that the new mode of production becomes
established.

The new mode — Mode 2 — is emerging alongside the tradi-
tional disciplinary structure of science and technology — Mode 1
Indeed, Mode 2 is an outgrowth of Mode 1 In order to make clear
what is involved in the new mode of production, the attributes of
Mode 2 have been contrasted with those of Mode 1 From this
analysis it will be clear that Mode 2 is not supplanting but, rather,
supplementing Mode 1 Mode 2 constitutes a distinct mode with
its own set of cognitive and social norms. Some of these contrast
sharply with deeply-held beliefs about how reliable theoretical and
practical knowledge should be generated, but they should not for
that reason be regarded as either superior or inferior to those oper-
ating in Mode 1 They are simply different. To some extent, how-
ever, the way in whicn Mode 2 becomes established in a particular
context will be determined by the degree to which Mode linstitu-
tions wish to adapt themselves to the new situation.

The emergence of a socially-distributed knowledge produc-
tion system means that this type of knowledge is both supplied by,
and distributed to, individuals and groups across the social spec-
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trum. Communications at institutional levels tend to be bypassed
because of the need for rapid, flexible responses to problems. Al-
though one may expect variety to the extent that Mode 2 becomes
dominant, it is a correlate to the socially-distributed knowledge
production system which is now emerging. To the extent that insti-
tutions become permeable, then Mode 2 can operate. The degree
to which current knowledge-producing institutions become more
permeable will not alter the fundamental fact that knowledge pro-
duction is becoming more widely distributed. That is to say: it takes
place in many more types of social setting; it is no longer concen-
trated in a relatively-small number of institutions; and it involves
many different types of individuals and organizations in a vast ar-
ray of different relationships. Such behaviour will simply cause other
linkages to become established which in the end may leave them
scientifically and technically isolated from some intellectual devel-
opments.

Socially-distributed knowledge production is tending towards
the form of a global web whose numbers of interconnections are
being continuously expanded by the creation of new sites of pro-
duction. As a consequence, in Mode 2 communications are cru-
cial. At present, this is maintained partly through formal collabora-
tive agreements and strategic alliances, and partly through infor-
mal networks backed-up by rapid transportation and electronic
communications. But this is only the tip of the iceberg. To func-
tion, the new mode needs to be supported by the latest that tel-
ecommunications and computer technologies have to offer. Mode
2, then, is both a cause and a consumer of innovations which en-
hance the flow and transformation of information.

It is one of the imperatives of Mode 2 that exploitation of
knowledge requires participation in its generation. In socially dis-
tributed knowledge production, the organization of that participa-
tion becomes a crucial factor. The goals of participation are no
longer simply to secure some national advantage, commercial or
otherwise. Indeed, the very notion of what constitutes an economic
benefit, and for whom, is at the root of many debates not only in
environmental science but also in biotechnology and the medical

ciences as well. For example, the current push towards ‘clean’

25



technologies is about more than just economic benefit. It is also
about stabilizing collapsing ecological systems, the health and well-
being of populations, as well as commercial gain. This is to say that
although Mode 2 has been exemplified here only in relation to knowl-
edge production, it has coevolutionary effects in other areas — for
example in economics, the prevailing division of labour, and our
sense of community.

The appearance of Mode 2 is creating new challenges for gov-
ernments. National institutions need to be decentralized — to be
made more permeable — and governments through their policies
can promote change in this direction. These policies will be more
effective if, concurrently, they become more proactive brokers in a
knowledge-production game which includes, in addition to the in-
terests and ambitions of other nations, the policies of supranational
institutions, such as the European Union. The effectiveness of gov-
ernments’ brokering abilities now underlies the competitiveness of
their national innovation systems. This will be reflected both in their
ability to participate in knowledge production that may be taking
place anywhere in the world, and in their ingenuity in appropriating
that knowledge with their innovation system.

Ingenuity is required because sooner or later collaboration
must turn into competition. This is in the nature of the wealth-
creating process as it is presently constituted. Simply to monitor
the interface between competition and collaboration would be a
difficult enough task. To manage it to national advantage is a chal-
lenge that governments will neglect to their cost. As with scientists
and technologists, governments too need to learn to operate in the
context of application, and increasingly this involves working with
supranational institutions. Some of these have political, social and
economic dimensions as in the case of the EU in Western Europe;
others are more narrowly economic in their aims as with the North
American Free Trade Agreement (NAFTA), or the General Agree-
ment on Trade and Tariffs (GATT). A key question is whether these
supranational institutions can play arole in the socially-distributed
knowledge production and, correlatively, how individual nations
ought to position themselves relative to these larger systems.

It is perhaps ironic that it should fall to governments to punch
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holes in the very institutions that in an earlier day were established
to maintain its science and technology capability. But along with
many other apparently fixed notions, the purpose and function of
these institutions need to be rethought in the light of the emergence
of Mode 2. This will reveal the need for a different approach to
policy, particularly for the integration of education, science and
technology and competition policy into a comprehensive innova-
tion policy that is sensitive to the fact that knowledge production is
socially distributed. In Europe, particularly, national policies that
will enhance the potential of national institutions need to be devel-
oped in concert with those of the EU. The developing countries,
too, need to take stock. For many of them, access will continue to
be a problem, not only because capability is lacking, but also be-
cause governments there still model their scientific and technologi-
cal institutions on assumptions that no longer apply to the kinds of
scientific and technological activities on which their aspirations
depend.

CONCLUSIONS

In the new mode of knowledge production, research in many im-
portant areas is cutting loose from the disciplinary structure and
generating knowledge which, so far at least, does not seem to be
drawn to institutionalize itself in university departments and facul-
ties in the conventional way. At times, it often seems that research
centres, institutes and ‘think-tanks’ are multiplying on the periph-
ery of universities, while faculties and departments are becoming
the internal locus of teaching provision. What, then, are the impli-
cations of Mode 2 for research in universities?

Leading-edge Research
Universities are now confronted with the challenge of how to ac-
commodate the emergence of socially-distributed knowledge pro-

duction. The establishment of the research agenda and its funding
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are increasingly the outcome of a dialogue between researchers
and users, regulators, interest groups, etc.; and unless that dialogue
produces a consensus, no research will be done. Leading-edge re-
search has become a more participative exercise, involving many
actors and experts who move less according to the dynamics of
their original disciplines and more according to problem interest.
Important intellectual problems are emerging in a ‘context of ap-
plication’, and scientists want to work on them. Pursuing problem
interest means that academics will be away from the university,
working in teams, with experts from a wide range of intellectual
backgrounds, in a variety of organizational settings. They will con-
tribute problems solutions that cannot be easily reduced to a rec-
ognizable ‘disciplinary contribution’. Those individuals who would
carry out research in this mode must adopt a different set of re-
search practices and take a different perspective on their careers.
But, if they do so, they will be out of synch with the existing re-
ward structure of universities. Some say that the rubric of survival
in academic research is changing from ‘publish or perish’ to ‘par-
ticipate or perish’. How can existing university structures be modi-
fied to account for this fact?

Research and Teaching

Universities that wish to participate at the forefront of research
will be active in Mode 2. At the very least, they have to become
more open and porous vis-a-vis the wider community, with “fewer
gates and more revolving doors’. They will have to become much
more entrepreneurial in the ways that they utilize their ‘intellec-
tual’ capital, and this may mean experimenting with a much broader
range of contractual employment arrangements. But, to the extent
that universities go down this road, they will be helping to establish
two parallel structures within universities: one which will carry
teaching (Mode 1) and another for research (Mode 2).

In the new, open, more flexible structures that are carrying
research, knowledge is codified and transmitted in a different way.
Information about the state of the art on a particular question re-
sides less in conventional paper publications — whether in paper
or electronic form — than in the collective memory of the prob-
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lem-solving teams. But, as we have seen, these teams are transient
groupings. They form and dissolve according to the imperative of
problem-solving interest and the memory of what has been accom-
plished moves with the relevant experts. It is doubtful if traditional
modes of publication will be sufficient to grasp the knowledge and
information that is produced in this way. How can knowledge pro-
duced in this way be translated into curricula? If it is not codified in
books and/or papers, how will it be transmitted?

In brief, how will these structures which support teaching be
related to one another? If they are to be related, what would the
organization of such universities look like? If research grows and
develops in the manner suggested — outside disciplinary struc-
tures, more in the context of application — how will the results of
research be absorbed by the wider academic community and,
through them, make their way into the development of new cur-
ricula?

Institutional Management: Cores and Peripheries

Universities in which technology interchange has become a core
value, that have ‘multiplied up’ the number of partnerships and
alliances that they are involved in, and which share their staff and
other resources with problem-solving teams distributed around the
world, need to be organized differently. The existence of Mode 2
must induce changes in current organizational structures, and this
is perhaps nowhere more evident than in the perspective that uni-
versities will have to take on their intellectual capital.

Heretofore, universities have been seen as “factories’ in which
avariety of intellectual capital is employed. Faculty have been spe-
cialists, working according to the research practices which we have
identified with Mode 1 The unit of organization has been the de-
partment and graduate students have been the apprentices. Fol-
lowing the dictates of Mode 1, universities have elaborated the
departmental structure and have recruited the best staff they could
afford. Universities have often seen themselves as ‘owning’ this
intellectual resource and have used it to establish their reputations
vis a vis one another. Permanent faculty working on specialist top-
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ics according to the criteria of ‘good science’ set down by Mode 1
is the arrangement that dominates the university scene, despite the
fragmentation that it encourages and the financial resources it re-
quires.

In Mode 2, as we have seen, different rules operate. In the
context of application, the research agenda is formed and funds
attracted in a different way. Researchers work in teams on prob-
lems that are set in a very complex social process and are relatively
transient. And they move about according to the dictates of prob-
lem interest. Participation in these problem contexts is necessary to
keep up with what is going on. As a consequence, some of the best
academics are tunnelling out of their institutions to join problem
configurations of various kinds. To some this is seen as a weaken-
ing of loyalty both to their institution and to their discipline. If they
intend to operate at the leading edge of research, universities need
to change their view of intellectual capital. They need to ensure
that they are able to participate in the appropriate problem-solving
contexts. Equally, so diverse and volatile are these that no univer-
sity can afford to keep ‘in-house’ all the human resources they would
need to guarantee a presence everywhere. Universities need to learn
to exploit all the advantages to be had by sharing resources. Here,
lies a fundamental challenge of the socially-distributed knowledge
production system!

A model exploiting the economies of shared resources would
seem to demand a relatively small core of permanent full-time fac-
ulty, together with a much larger periphery of other ‘experts’ that
are associated with the university in various ways. To achieve this,
universities will need to experiment with a much wider range of
employment contracts, and accept the fact that they will not be
able to own outright all the human resources that they need. To an
extent this puts the universities in a Catch 22 situation. On the one
hand, the demands on universities in terms of both teaching and
research is not only growing but it is also diversifying and will con-
tinue to do so. On the other hand, the costs of holding in-house all
the resources it needs to accommodate this expansion is not only
too expensive but also not flexible enough to meet changing de-
mand. Vice-Chancellors in the future will be distinguished by their
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ability to utilize their own intellectual capital in conjunction with
intellectual capital held by others, in a way that maximizes their
institutions’ goals. It will not presume that every member of staff
needs to be a full-time employee. How will these ‘others’ fare in
the university setting? How will their contributions be recognized?
Will they be promoted and according to what criteria? How much
will they cost? How will they relate to graduate students? Will they
have to do any teaching? These are some of the questions that need
to be asked, but it seems clear to me that they cannot be answered
without changing the nature of universities substantially.

The argument is that there are now two coexisting modes of
knowledge production — Mode land Mode 2. For the future, the
key question facing each university has less to do with deciding
whether to be a research or a teaching institution, than deciding
between which modes of research — and teaching — to adopt.
However, to the extent that universities choose to move in the di-
rection of Mode 2, they set themselves the difficult internal prob-
lem of keeping research and teaching in some sort of relationship
— if, that is, it is still thought worthwhile arguing that a close asso-
ciation of teaching and research ought to be a hallmark of auniver-

sity.
Technology Transfer

Research partnerships are increasing, and they are important for
universities as institutions as well as for academics professionally.
This is well illustrated by current developments in the field of tech-
nology transfer. Of late, many universities have become interested
in technology transfer and in commercializing the results of their
research. Many have invested significant sums in setting up science
parks, technology transfer centres and venture capital funds to as-
sist academics in commercializing their work. But, we would sug-
gest, the model is not so much wrong as out of tune with the re-
earch practices of Mode 2. The model of technology transfer which
is operative at the moment is based on the image of the innovative
process as a ‘relay race’. In this view, some of the discoveries made
by scientists within university departments are deemed to be capa-
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ble of commercialization, were it not for the gap between the uni-
versity and the marketplace. In other words, the ideas are there,
but for some reaso" the baton is not being successfully passed be-
tween universities and industry in the race to commercialization.
The solution to this dilemma has been to create a range of technol-
ogy transfer organizations to bridge this gap — to reduce the prob-
ability that the baton will be dropped and the race lost.

These organizations are meant to mediate between the world
of academe and the world of business. But, in Mode 2, research is
carried out in the context of application in which there is an on-
going dialogue between interested parties — including producers
and users of knowledge — from the beginning. In Mode 2, univer-
sities that want play a role in the commercialization of research
need to be involved in the discussion from the beginning. It is cer-
tainly not a game that can be played by limiting one’s role to the
discovery end of the process. In the next lecture, we will examine
the evolving relationship between universities and industry, as uni-
versities embrace the next phase of the research revolution in which
they seek to play a more active role in economic development. We
will see, then, that the ‘relay race’ model of technology transfer
needs to be radically modified, if not abandoned altogether.
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Lecture 2

THE RESEARCH REVOLUTION — PHASE 2:
UNIVERSITIES IN ECONOMIC DEVELOPMENT

Summary

We turn now to the second phase of the research revolution: the
embracing by the universities of a central role in economic devel-
opment. We introduce the notion of Mode 2 society and argue that
this type of society is coevolving, in the sense that it shares certain
characteristics with Mode 2 knowledge production. The primary
reason for introducing the notion that society and science are linked
in a coevolutionary process is to provide some theoretical support
for the much-observed phenomenon that the organization and prac-
tice of research in industrial and university environments are be-
coming more alike. The notions of static and dynamic competition
are introduced to help explain the implications for universities of
adding to their function of providing trained manpower and some
consultancy for industry, a new function which involves them in
thejoint production of knowledge through such new arrangements,
such as strategic research alliances. The shift in the universities’
core values implied by their becoming involved with industry in the
joint production of knowledge are then outlined. We conclude,
however, that such involvement, while it can be accommodated
within the research practices prescribed by Mode 1, is only a half-
way house to the establishment of a genuine Mode 2 university.

INTRODUCTION

he next phase of the research revolution is one in which universi-
strive to play a more central role in economic development,
ins aspect of the research revolution, sometimes called the sec-
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ond academic revolution, is acomplex affair, involving many shifts
in perspectives, identities and organizational structures in contem-
porary universities. To assist in understanding what is going on, we
will introduce the notion of Mode 2 society which was hinted at in
the last lecture, when discussing some of the implications of Mode
2 knowledge production. It was observed then that it is one of the
imperatives of Mode 2 that exploitation of knowledge requires
participation in its generation. In socially-distributed knowledge
production the organization of that participation becomes a crucial
factor. The goals of participation are no longer simply to secure
some national advantage, commercial or otherwise. Indeed, the very
notion of what constitutes an economic benefit, and for whom, is
at the root of many debates not only in environmental science but
in biotechnology and the medical sciences as well. For example,
the current push towards ‘clean’ technologies is about more than
just economic benefit. It is also about stabilizing collapsing eco-
logical systems, the health and wellbeing of populations, as well as
commercial gain. This is to say that although Mode 2 has been
exemplified here only in relation to knowledge production, it has
coevolutionary effects in other areas, for example in economics,
the prevailing division of labour, and our sense of community.

In mentioning ‘coevolutionary effects’, attention is drawn to
the emergence of a new relationship between science and society.
It is no longer one in which science simply impacts on society, but
rather one in which science and society mutually influence one an-
other. For that to be a possibility, a society different from the one in
which the disciplinary structure of science came to be established
would need to exist. Indeed, that is precisely what is happening.
Alongside Mode 2 knowledge production a different type of soci-
ety — Mode 2 society — is emerging. Both Mode 2 society and
Mode 2 knowledge production have at least three features in com-
mon: they exhibit a greater degree of complexity, are characterized
by a pervasive uncertainty, and manifest an increase in experimen-
tal behaviour relative to established ways of doing things. All these
are plainly evident in the domain of research, as has already been
indicated, but they can be found in other social domains as well.
We have already seen how the categories which define ‘good sci-
ence’ are changing and how, compared with Mode 1science, Mode
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2 knowledge production is more complex; boundaries are fuzzier,
research focused around many more problem areas; while greater
uncertainty is manifest, in behavioural terms, by greater experi-
mentation in new collaborative relationships with a greater range
of partners. In like manner, we can observe similar complexity in
society, in the breakdown of the traditional institutional categori-
zations within which economic and political life are organized, in
particular those of the state and the market. One can describe these
changes in terms of transgressivity: of the invasion of one set of
institutions into the terrain of another. But, it must be remembered,
transgressivity is a two-way process. Institutions are both invading
and being invaded, and these actions are not only leading to the
breakdown in traditional categorizations but also accounting for
the accompanying complexity and uncertainty that are manifest
today in relations between universities and industry, as each tries to
come to terms with its role in the process of economic develop-
ment.

To grasp what is going on, we shall need to delve, briefly, into
economics, specifically the economics of knowledge production.
We shall explore the dynamics of competition to illustrate how,
through the twin processes of competition and collaboration, Mode
2 society and Mode 2 knowledge production become linked in a
coevolutionary process in the domain of economic development.
Next, we will examine the effects of this development on the na-
ture of technology transfer, and suggest that a different approach
to it is necessary if universities intend to play a key role in eco-
nomic development. In the final section, we return to the theme of
the second academic revolution and point out that, at best, it de-
scribes a halfway house in the long cycle of the research revolu-
tion. This will set the stage for a discussion of the third phase of the
research revolution in which universities move not only into the
market but also beyond it.

THE SECOND ACADEMIC REVOLUTION

An academic revolution can be defined as a change sufficiently great
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to require a shift in the purpose or mission of the university. The
second academic revolution has been used by some scholars to
denote the move by universities beyond the generation of knowl-
edge through research, its preservation through scholarship and its
dissemination through teaching, to full-fledged participation in eco-
nomic development, whether regionally, nationally or internation-
allyl This phase of the research revolution is being driven, in part,
by changes within the governments of many nations, as they move
away from research which reflected a preoccupation with the mili-
tary objectives of the Cold War towards research more closely
related to a range of socio-economic objectives, such as increasing
competitiveness of the economy or enhancing the quality of life.
The establishment of research in universities was a product of post-
war conditions and was the outcome of a debate about where the
locus of national research capability should be. Should it be in uni-
versities, in government laboratories, or perhaps left to industry?
In the end, the matter was resolved, in most countries, against in-
dustry and in favour of a mixture of universities and government
laboratories. As a consequence, funding from the public purse be-
came accepted as a legitimate way to support basic research in
universities, while applied research remained the responsibility of
either government or industry. The recent shift to concern with
competitiveness has profound implications for what research is
carried out and for the way it is funded. In particular, the decline in
government funding for basic research related to military objec-
tives following the end of the Cold War has not been replaced. The
‘peace dividend’ that many scientists hoped for has not material-
ized and universities have been forced to meet the decline in fund-
ing from traditional sources in other ways. Currently, universities
are adjusting to the new political, social and economic priorities, in
part by gearing themselves to become major players in economic
development at regional, national and international levels.

In addition to carrying out basic research and providing sci-
entific and technological information through consultancy, univer-

1 H. Etzkowitz, A Webster and P. Healy, Capitalizing knowledge (pp.47-
72, State University of New York Press, New York, 1998)
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sities have traditionally been responsible for the supply of highly-
qualified manpower. This has been so for a long time, but it devel-
oped strongly in the post-war period. Training the next generation
of researchers, whether for universities or industry, formed part of
the social contract with government during that period. In a sense,
then, universities have always contributed to economic develop-
ment. Average levels of scientific and technical education in a soci-
ety are recognized to be key contributing factors to economic
growth. So, what is new in this phase of the research revolution?
The novelty lies in the ways in which universities are trying to be-
come major economic players. Now, universities are aiming to ‘capi-
talize’ their research outputs. In doing so, they are joining industry
in the process of technological innovation, another, and many ar-
gue, now the primary source of economic growth and international
competitiveness. Universities are moving down this road less from
the desire to be ‘good citizens’ than from the need to generate
additional income which formerly they might have expected to re-
ceive from government.

Economic development is about innovation, particularly tech-
nological innovation. In the past, universities have participated in
the innovation process through consultancy or by patenting their
intellectual property and selling it to industry via licensing agree-
ments. In both cases, they would hope to generate an income stream,
through fees in the first case and via royalties in the second. More
recently, however, universities have been restructuring their research
capabilities internally so as to be more relevant and accessible to
industry; and some have begun to take equity in newly-established
‘spin-off’ firms, based upon their own scientific and technological
capabilities. In creating new enterprises alongside consultancy and
the commercialization of their intellectual property, and in adjust-
ing their research capabilities to make them more accessible to in-
dustry, universities are putting in place nothing less than acompre-
hensive approach to economic development. In licensing their in-
ventions, they contribute to the expansion of the stock of technolo-

ies on which firms can draw; by adjusting their research agenda,
'ey expand the effective research capacity of national firms; and
‘rough equity participation in the market they contribute directly
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to economic development by expanding employment and increas-
ing the flow of technological innovations in the economy. In each
case, of course, there is the prospect of generating an income stream
which can be used by the university to further enhance its capabili-
ties. As one Vice-Chancellor explained recently, The reason we
are getting into the commercialization business is that we need the
additional income to meet our academic objectives.’

Moving, thus, into economic development, the universities
and industry are jointly contributing not only to the expansion of
Mode 2 knowledge production but also to the unfolding of a deeper
social process in which institutional boundaries become more per-
meable, making it harder to distinguish between the ‘science’ of
the universities and the ‘research’ of industry. This process, in which
one institution’s norms and modes of behaviour goals are modified
through interaction with another, and vice versa, is one of the con-
ditions leading to the emergence of a Mode 2 society.

THE EMERGENCE OF MODE 2 SOCIETY

Changes in the constitution of science and in research practice -
Mode 2 - were identified in the first lecture and attributed there to
the growing contextualization and socialization of knowledge. One
of the characteristics of Mode 2 science was that knowledge was
being generated ‘in the context of application’, and the argument
contained frequent references to the ‘social’. The implication was
that science could no longer be regarded as an autonomous space
clearly demarcated from others in society, particularly from the
economy. This much, at least, is not new. Many now argue that
science and society cannot be separated, that their respective do-
mains have been transgressed and that, as a consequence, the rela-
tionship between them has changed. In traditional society, science
was ‘external’; society was — or could be — hostile to scientific
values and methods and, in turn, scientists saw their task as the
benign reconstitution of society according to ‘modern’ principles
which they were largely responsible for determining. In contempo-
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rary society, by contrast, science is ‘internal’; as a result, science
and research are no longer authoritative projects conducing to sta-
bility but instead, by creating new knowledge, they add fresh ele-
ments of uncertainty and instability. The relationship between sci-
ence and society is no longer antagonistic but is being transformed
into a collusive, or perhaps collaborative, one.

So much iscommon and uncontroversial ground. But, even in
this more ‘open’ description, much of the attention remains fo-
cused on science rather than on society. The latter impinges on the
argument only when it touches the former — for example, when
controversies about nuclear power, environmental pollution, or
genetically-modified food draw in a wider range of actors whose
presence and significance cannot be ignored. The perspective is
still mainly that of the scientific community — its composition may
be more heterogeneous, its values more contested, its methods more
diverse and its boundaries more ragged, of course — but it is still
distinguishable from other domains such as culture, economy and
society. In other words, the relationship is viewed principally from
one, still dominant, perspective. Indeed, it is possible to read into
this more ‘open’ description of science a restatement of traditional
accounts of the transformation of society by science. Science’s suc-
cess has made the world more complicated and scientists must
wrestle with the consequences of this complication. But science is
still in charge2

It is less common to view this changed relationship from the
perspective of society, in part, because the transformation of soci-
ety is still regarded as ptedominantly shaped by scientific and tech-
nical change. But, for example, the fact that there are now more
urgent socio-scientific controversies arises because society as a
whole has been permeated by science, and in the process, the cul-
ture of science has been transformed into something different —
perhaps into a culture of research which is more populist, pluralis-
tic and open. Put another way, as a result of its successes, science
lias been invaded by a society wanting solutions to more and more

B. Latour, ‘From the world of science to the world of research?’ Science
280 (10 April 1998).
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problems and, in the process, the ‘social’ has been gradually ab-
sorbed into the ‘scientific’. In briefand perhaps oversimplified terms,
it seems that Mode 2 science has developed in the context of a
Mode 2 society, and that Mode 2 society, like Mode 2 science,
while continuous with Mode 1society, has strongly deviant char-
acteristics. Notably, Mode 2 society has resisted categorization into
discrete domains such as politics, the market, culture — and, of
course, science — just as Mode 2 science has resisted being cate-
gorized as either pure, applied, or strategic research. As a conse-
guence, it is increasingly difficult to distinguish between Mode 2
science and Mode 2 society. If categorization has become more
difficult, and if, as a consequence, the line between science and
society has become harder to draw, one is simply saying that soci-
ety has become mere complex. In sum, scholars as well as com-
mentators have already noted that in many domains - including the
state, the market, culture and science - traditional categorizations
increasingly lack clear boundaries and perhaps make less and less
sense. Transgressivity is now a major theme in much writing on
contemporary social change. If the traditional categories by means
of which we organize the understanding of our world are becom-
ing more ‘fuzzy’, then it seems reasonable to speak of the emer-
gence of a Mode 2 society.

THE COEVOLUTION OF SCIENCE AND SOCIETY

There is a further step necessary to complete the argument. It is
that these developments in society and in science are not coinci-
dental but are linked together, perhaps in something resembling a
process of coevolution. Of course, science and technology are
deeply implicated in these coevolutionary processes, but, viewed
from the wider societal perspective, they are far from being the
driving forces.

Science and technology are implicated, above all, in an in-
strumental-utilitarian sense. They are seen as capable of creating
new knowledge and encouraging the development of new prod-
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ucts, which in turn give rise to an apparently unending source of
new wishes and desires which can only be satisfied by ‘more’ sci-
ence and technology. In this sense, science and technology are domi-
nant. However, the mechanisms that determine access to these in-
exorable processes of interminable wish-fulfilment, oversee and
regulate their diffusion, and, above all, shape the desires in the first
place, are social in origin. So, too, are the forms this wish-fulfil-
ment will take. In this sense, science and technology occupy asub-
ordinate role.

The changing balance between the state and the market, which
so many scholars have tried to describe and explain, is also rel-
evant. On the one hand, the state has apparently retreated, reluc-
tantly yielding the roles as protector and patron it had assumed in
the era of the welfare state; on the other hand, it may have taken on
powerful new symbolic roles (or reverted to older nationalist iden-
tifications which, in the post-war age of linearity, regularity and
rationality, appeared to have become anachronistic). More recently,
the process of globalization has merely stretched the boundaries
that already had become highly permeable. Nation-states have re-
mained locked into a system of semi-fictional national sovereignty,
while the international arena is only sparsely furnished with inter-
national institutions that work reasonably efficiently. Global capi-
talism, of course, is subject to no such constraints. Since the col-
lapse of communism, in particular, the way appeared to have been
cleared of political obstacles and social inhibitions which formerly
restricted the application of crude economic rationality. It began
its reign, apparently unfettered by other kinds of rationalities.

Today, however, for reasons that have already been explained,
it is not the triumph of one form of rationality (the market) over
other forms (such as the social reform imperatives of the welfare
state) that needs to be emphasized, but the erosion of the bounda-
ries between different forms of rationality. The highly specialized
and differentiated system of modern society of a more or less tightly
segregated set of different subsystems — each invested with a spe-
edic rationality, each utilizing a specific ‘code’ as the basis of the
crucial distinctions that determine performance — is now dissolv-

> Under present conditions, the traditional functional differen-
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tiations have ceased to provide the (political) stability and (eco-
nomic) growth which they once appeared to guarantee. Instead,
they are more likely to be regarded as obstacles to further innova-
tion. Viewed in the most favourable light, the existing functional
differentiations of society are still perceived to be risks that must
be carefully managed if innovation is not to be inhibited. Think of
how many books on the performance of firms treat innovation as if
it were a natural process, inhibited only by established ways of
doing things.

The rapid development of new information and communica-
tion technologies has created the technical conditions for these far-
reaching social changes. Most obviously, it has provided the means
by which global capitalism has been able to transcend particulari-
ties of all kinds — national, cultural, social, and even individual.
But it has also had more radical effects that tend to dissolve exist-
ing forms of systemic differentiation. These new technologies are
themselves technically transgressive, as demarcations between mass
media, voice and data transmission are eroded. But in a more fun-
damental sense, these technologies have helped to undermine na-
tional and institutional boundaries; they have undermined estab-
lished social hierarchies, moulding these hierarchies into lean or-
ganizational shapes and flat, geographically dispersed, structures.
Inevitably, individual careers and life courses, the meaning and place
of work, and the occupational structure have been profoundly af-
fected.

But neither information and communication technology in
particular, nor science generally, are at the heart of these social
transformations - even if the pushes, pulls and feedback loops are
reinforced through scientific and technological developments. So-
cial change is no more driven by scientific change than science is
submissively shaped by society. This is why we prefer to use the
concept of coevolution. The observed changes in society and
changes within science and technology clearly share a number of
parameters that suggest similarities in the operation of underlying
forces. If coevolutionary processes are at work in what we de-
scribe as Mode 2 knowledge production and a Mode 2 society,
they manifest themselves in characteristic bundles in which new
sets of perceptions, attitudes, epistemological assumptions, out-
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looks and rationalities coalesce with altered social practices and
institutional constraints. None of these can be said to be prior to
the other, nor do they simply reflect simple-minded cause and ef-
fect relationships. Rather, these clusters or bundles are made up of
elements which are typically linked in a self-organizing mode. Yet,
they share a number of parameters. They all involve some element
of increased risk, some reversal of conventional notions of time
and space, and the increased presence of reflexivity.

The coevolution of Mode 2 science and Mode 2 society,
though a multifaceted phenomenon, can be seen, clearly exempli-
fied, in the changing relationships between academia and industry.
Here, the boundaries between two, heretofore rather clearly de-
marcated, institutions have been transgressed to the degree that
many commentators have noted the adoption by each of the oth-
er’s organizational forms and research methods. Laboratories,
whether in universities or in industry, look increasingly alike and
exhibit forms of behaviour that would previously have been identi-
fied only with one type of institution or the other. If research is
trangressive, that is, if it has a tendency to dissolve boundaries and
render institutions more open and permeable, then this is nowhere
more evident than in the emerging relationships between universi-
ties and industry. Coevolution is present here and its dynamics are,
in part, driven by the nature of competition, but it is a rather differ-
ent notion of competition than the one conventionally used.

DYNAMIC COMPETITION AND KNOWLEDGE
PRODUCTION

In conventional economics, competition describes the process in
which the markets maintain equilibrium. Equilibrium describes that
set of costs and prices that lead to a balance of supply and demand
across all commodities. Because equilibrium is itself a static con-
cept, there is more interest in establishing the conditions that pre-
serve equilibrium, than in describing the path in time along which
the economy moves to achieve equilibrium, or to move from one
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equilibrium state to another. Relationships between supply and de-
mand are such that any minor deviations from the equilibrium posi-
tion that might occur are restored through price adjustments. In
this model, the economy oscillates back and forth around an ideal
equilibrium position. In this type of economics there is meant to be
a rational allocation of resources, but these resources already exist
— they do not need to be created. In other words, in equilibrium
economics there is little place for history and the models being
used certainly do not show how economic activity generates new
knowledge or technology.

The role that competition plays in the generation of knowl-
edge is not much discussed, and even less understood. The reason
is that the historically dominant doctrines of economic theory have
developed a notion of competition which does not recognize that
in a market economy competition is essentially a discovery proc-
ess, and that its nature changes according to historical circumstances.
In the resource allocation framework of conventional economics,
competition is considered to be static. By contrast, in the everyday
business world, competition is experienced as a force in a process
of continuous change, a process in which knowledge is generated
not only about the market itself, but also about the physical world
and technologies to shape it. Equally, it is a world in which later
decisions and investments are constrained by prior ones, and to
reverse them is either not possible or carries high economic and
social costs. In other words, in economics, as in other social proc-
esses, history matters. In this view, competition is dynamic. As
Hayek has noted long ago, “if the state of affairs assumed by the
theory of perfect competition ever existed, it would not only de-
prive of their scope all the activities which the verb ‘to compete’
describes, but would make them virtually impossible”.

In industry or business, in contrast with much economic theo-
rizing, competition implies rivalry, and rivalry means firms behav-
ing differently from one another in ways which convey competitive
advantage and alter the prevailing balance between rival produc-
ers. The traditional concept of competition seems to rule out the
possibility that rivalrous behaviour can have beneficial effects for
individual firms. Actions taken by firms to enhance their competi-

44



tiveness, such as price reductions, improvements in product qual-
ity and advertising campaigns, are seen as imperfections which di-
minish competition, introduce elements of monopoly and reduce
efficiency. This paradox, that competitive behaviour is judged to
have anti-competitive effects, is at the root of the difficulty of try-
ing to make sense of competition. The simple point is that the com-
petitive process cannot be understood in terms of equilibrium, but
only in terms of a process of change driven by different types of
behaviour. It is because firms strive to be different that markets
can, with some accuracy, be described as competitive.

But how does differential behaviour operate? In any dynami-
cally-competitive environment, firms increasingly need to generate
knowledge if they are to remain competitive. And they do this in
ways very similar to those we have described as Mode 2. In par-
ticular, firms work continually in a context of application and the
competitive situation compels them to try to exploit their knowl-
edge bases in particular directions, prompted by what their com-
petitors are doing and by their perceptions of changes in user needs.

Usually, to do this, a firm has to identify or choose a particu-
lar design configuration. Now, a design configuration is an inter-
esting object. Fundamentally, it is a particular arrangement of hu-
man and physical resources — that is, raw materials, technologies,
ways of organizing things — together with the knowledge and skill
(dominant competences) to develop them. It is a framework within
which each firm hopes to establish a market position. Initially, it is
pure potential, but over time, and gradually, it becomes a platform
not just for a single product but a whole range of products. Robust
design configurations have the ability to develop in many different
directions, bringing to consumers a steady flow of product improve-
ments. The VHS video recorder is a robust design configuration,
the Betamax system is not, or at least not yet. The Phillips cassette
tape is a robust design configuration, seven track, reel-to-reel, tapes
were less so. To an extent the Boeing 700 series of aircraft repre-
sents a design configuration that is in competition with the “fly-by-
wire' one chosen by a European consortium for its Airbus series.

Of course, a firm’s future success depends on the wisdom of
its choice of design configuration, but it is also crucially dependent
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on the ability of its dominant competence to exploit its potential in
response to the demand of its selection environment. The role of
human resources constitutes the basis of Hayek’s insight about
competition being a discovery process. Just as nature poses ques-
tions for science, so the market is continually putting questions to
the firm. Innovations are the answers. In this process, the design
configuration functions in the context of application in a way simi-
lar to the way paradigms do in the sciences. Design configurations,
as with paradigms, are devices which guide inquiry. They are worked
out in an exploratory fashion by each firm in real time. The point is
that in the process new knowledge is generated.

For the firm, there is a great deal more involved in developing
a design configuration than rationally allocating resources. In dy-
namic competition, a firm’s resources are generated, that is, its
human and technical knowledge base develops in response to ques-
tions posed by the market or, more generally, its selection environ-
ment. The ability of each firm to enter a new market, or to respond
to signals from existing ones, is always constrained, though not
wholly determined, by both the initial choice of a design configura-
tion and the creativity of its workforce. In dynamic competition,
technological innovation is a matter of both resources and resource-
fulness.

The accumulation of capital, insofar as it involves the crea-
tion of technological knowledge, takes place inside the firm, but
the rate of that accumulation is related to the extent to which the
firm can access knowledge generated by a host of others. It is the
need to increase the rate of accumulation that induces firms to seek
collaborative relationships, to form consortia, tojoin international
programmes and to try, by dint of their already recognized compe-
tence in particular areas, to be invited to become members of net-
works of various kinds. Such is the nature of Mode 2 that, in these
collaborative arrangements, they interact with scientists and tech-
nologists from a wide range of institutions who are also interested
in, and working on, similar or related problems. The pattern of
accumulation of knowledge may be firm-specific, but this should
not obscure the fact that accumulation cannot be separated from
the larger, possibly global, environment in which knowledge is be-
ing produced, even if it is being produced by competitors.
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A firm’s knowledge base is connected in many different ways
to the communities of scientists and technologists who provide a
distributed resource upon which it can draw. In particular, the micro-
structures of the scientific and technological communities — as
organized in universities, for example — have a formative influ-
ence on the ways in which a firm can establish its knowledge base.
At the very least, this influence is exerted through the trained indi-
viduals that universities supply and the technical orientation they
are given; that is, their predisposition to use certain technologies,
to formulate problems, and to seek solutions in prescribed ways.
Because the scientists 'tnd technologists that graduate from uni-
versities are always specialized, the range of possibilities that is
open to any firm is always limited. Similarly, firms are now re-
quired to work in increasingly complex selection environments.
Design configurations must take into account from the beginning a
much wider range of factors before making a choice. To be consid-
ered at the earliest stages are a host of regulatory, environmental,
ethical and other social considerations. Firms which do not allow
these factors a place in the context of application stand in danger of
investing in the development of design configurations which, though
technically sound, do not meet the standards of the selection envi-
ronment. This is an example of the transgression of the market by
other social factors, which we described earlier, and is perhaps why
some economists now prefer to talk about selection environments
rather than markets. These days, innovations have to be socio-tech-
nical responses to the demands of the selection environment, rather
than technical responses to the market, narrowly conceived.

THE COMMERCIALIZATION OF RESEARCH

Design configurations enable the production of a range of prod-
ucts and determine their appropriateness for different market seg-
ments. Through the articulation of a particular design configura-
ion substantial economies of scale are achieved on the production
‘cle, as well as a stream of technical improvements on the product
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side. Such design configurations as Boeing’s 700 series, Phillips’
tape cassette, IBM’s PC, or Microsoft’s Windows, have been struc-
turally stable for a considerable time, though they have exhibited a
more or less continual improvement in technical performance. Once
chosen, however, a given configuration locks the firm into a set of
choices, both human and physical. Although ‘lock-in’ may be prof-
itable, it can also prevent firms from moving to new design con-
figurations, and in so doing present firms with the risk of being
overtaken by technologies in which they have no competence. Only
if a firm is sufficiently strong to impose its design configuration on
the market can this danger be warded off. For example, IBM which
was originally locked into other design configurations — main frame
computers — had to establish an independent team to make PCs.
In effect, in trying to establish a new design configuration from
within, it had to set up a structure to compete with itself.

Design configurations play a fundamental role in the competi-
tive process in that they form distinct nuclei around which compe-
tition is organized. They are the mini-paradigms which guide the
search for knowledge. And, just as leading scientists try to make
their agenda dominant, so each firm tries to position itself in the
market by establishing its design configuration as dominant, hop-
ing, thereby, to force competitors into the position of either imitat-
ing them or bearing the cost of finding another set of technologies
to challenge it. Whether the design configuration for recording music
is the long-playing record (LP), the tape cassette, the compact disc,
or now the minidisc, it matters more to the industry than the price
of these products. For that reason, it is often the case that the only
way forward for a new entrant in an industry is to find a design
configuration which draws upon technologies which its competi-
tors do not have. This search for ‘difference’ is one source of the
rivalrous behaviour on which dynamic competition depends.

In trying to establish their design configuration in the market,
firms engage in rivalrous behaviour, by trying to behave differently
from their competitors, and by trying to find solutions — ways of
interacting with their environment — that differ from what others
have thought of or which they would find it hard to copy. To do
this, firms must become more directly involved in knowledge pro-
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duction which, given the complexity of design configurations, of-
ten implies participation in a broader collaborative effort. Only sel-
dom are firms in a position to be able to hold in-house all the intel-
lectual resources that they need to develop the full potential of
their chosen design configuration. They need, potentially at least,
to be able to draw upon knowledge that is held by others. While
many firms now recognize the need to collaborate in generating
knowledge, they also realize that they need to maintain a balance
between collaboration and competition. This they do by entering
into many different collaborative arrangements, and by trying to
structure these arrangements so as to be able to move, from a col-
laborative mode to a competitive one, their perceptions of the mar-
ket dictate.

TWO LEVELS OF COMPETITION

Using collaboration to promote competition may seem paradoxi-
cal, but it is only so if one overlooks the fact that competition is
always taking place at two levels.

Static Competition

The first level of competition is among products for market share
using some particular set of technologies. Every firm employs a
particular process technology to make products or provide serv-
ices in order to increase its market share. Its overall competitive
position is measured by its distance from the average performance
of the competing group. Above average businesses expand their
market share; below average businesses stand to lose their market
share, if they do not change their ways. How rapidly relative posi-
tion can change depends on the properties of the market and the
propensity of its competitors to expand. Firms with a static tech-
nology cannot hold their market positions and, unless their market
is protected in some way, they will not survive for long. This is the
situation in aregime of static competition which is discussed in the
standard texts on industrial economics.
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Dynamic Competition

The second level of competition is created by the constant pressure
to innovate in order to develop the existing technological set or
replace it altogether. At this level, competition is in terms of a par-
ticular design configuration and the ability of a firm to develop its
potential. It is, therefore, about creativity and resourcefulness. Were
this not so, large firms would always dominate the innovation proc-
ess. By improving its technology, a firm is seeking to change its
relative position in the competitive hierarchy. But to maintain mar-
ket share, it must also keep pace with improvements in average
practice, and, since average practice is always improving, competi-
tion at the second level is like a race in which the finishing line is
always receding. It is because the finishing line is always receding
that firms know that they need to draw upon knowledge and skills
that are distributed more widely. The trend towards strategic alli-
ances is a natural outcome of the need to access these human re-
sources either to identify or develop a design configuration. Re-
sourcefulness consists in the ability to configure resources held by
others in a way which allows firms to achieve their objectives. Firms
know that the source of any added value lies in the precise consti-
tution of the collaborative groups and in the skills of its members.
It must never be forgotten that not all collaborative groups are
equally resourceful.

It is competition on the second level that is founded upon
collaboration. And, on this level, markets are selecting particular
collaborative groups while discarding others. Accordingly, com-
petitive advantage for the individual firm depends upon the group
it is in, and this would change if the firm moved to a different group.
In forming partnerships and alliances, firms are in fact making key
strategic choices. They are making judgements about the knowl-
edge and skills which will be most important to their long-term
performance. We have already observed that the choice of a design
configuration is amongst the most important that any firm ever
makes. But now we see that, increasingly, the choice is of partners.
The growth of technology alliances and precompetitive research
reflects the fact that each design configuration requires a range of
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resources whose precise character will be unique. Collaborative
R&D is an example not of market-rigging and anti-competitive
behaviour, but of rivakous behaviour of the dynamics of group
selection. The problem is not one of replacing competition with
collaboration, but of managing the transition from one level to an-
other and back again.

Dynamic Competition and the Universities

Understanding the nature of dynamic competition is central to un-
derstanding what participation in economic development is going
to mean for universities in the 21st century. In particular, because
the growth of the knowledge industries now constitutes the eco-
nomic basis of international competitiveness, it has been necessary
to expand the notion of competition, and to drive home the point
that dynamic competition takes place at two levels. It is at the sec-
ond level — at the level of developing new design configurations
— that firms first find it necessary tojoin teams, that is, to collabo-
rate in the generation of knowledge; it being understood that at a
later time their participation may have to shift from a collaborative
mode to a competitive one. Also, it is at the level of the design
configuration that many challenging intellectual problems have to
be addressed, and because significant advances in knowledge may
take place, some of the best scientists aspire to be part of these
teams. This is one example of the transgressivity of research —
one source of the blurring of scientific identities and increasing
permeability of institutions that has already been explored. The shift
in locus of innovation — to the generation of specialized know-
ledge in the search for a winning design configuration — is having
the effect of drawing universities, as knowledge producers, deeply
into the competitive process at the second level. Thus, while
massification has modified universities so that they can reach out
to a broader range of students, international competitiveness is
having the effect of drawing the universities, and others, into a new
context of application.

The nature of dynamic competition is such that it is going to
alter the basic relationship between universities and industry. When
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one is working within the framework of static competition, one is
closer to Mode 1 conditions. There, the function of the university
may be simply to bring its knowledge to the aid of industry, prima-
rily through consultancy. Consultancy does not usually involve the
university as an institution directly. It was something that some
university professors could undertake, provided it did not amount
to more than, say, one day per week, over any particular year. Such
consultancy was intended to solve particular industrial problems,
but usually well within a particular design configuration. But the
same conditions do not apply when firms are operating in a regime
of dynamic competition. In that regime, the firm is trying to iden-
tify awinning design configuration or to develop it more creatively
than its competitors. In this context, each firm tries to behave dif-
ferently from its rivals. And it does this by drawing on many other
sources of knowledge, including universities, primarily by forming
teams. But not all teams are equally resourceful, and it is the differ-
ential creativity of these teams that determines which design con-
figurations will emerge. That is why it is so important for firms to
choose their collaborative partners with care, and there is plenty of
evidence to suggest that, as far as industry is concerned, universi-
ties are still the preferred choice.

The point of this extended excursus in economics is that, to-
day, the commercialization of research is organized less around the
translation of discoveries into new product lines than in searching
for design configurations with the potential to be developed in a
variety of ways. Translating discoveries into product lines describes
Mode 1behaviour and, perhaps not surprisingly, it is the one most
frequently adopted by universities when they try to capitalize their
knowledge. By contrast, searching for new design configurations
has many of the characteristics of Mode 2 knowledge production
which we have already described. It is a search that holds out much
promise for identifying intellectually challenging problems, and many
of the best academics want to work on them. But, it is not a model
that the universities can readily adopt, given the way they are cur-
rently organized.

If universities intend to play arole in configuration choice and
development, they need to become more open and porous as insti-
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tutions, and be prepared to interact more intimately with industry.
They need to find ways to become team players and accept that,
whatever groups they join, they will be involved in a process in
which both competition and collaboration are involved and, there-
fore, the composition of a team is likely to change over time. Equally,
if universities are to become active in capitalizing their own intel-
lectual capital by establishing their own firms, they too will need to
identify and develop winning design configurations. And, just as
industry needs the resources of universities to do this, universities
too need resources held in the socially-distributed knowledge sys-
tem if their companies are to compete successfully in markets char-
acterized by dynamic competition. This is the theoretical and prac-
tical basis for the revolution in the nature of technology transfer
which is currently taking place in universities, and which is moving
some universities to play a key role in economic development.

THE CHANGING NATURE OF TECHNOLOGY TRANSFER

As innovation becomes more knowledge-intensive, companies are
in need of more and more knowledge in order to compete. Increas-
ingly, they will need access to knowledge generated elsewhere. One
avenue is to join with other firms in the generation of knowledge,
for example, in precompetitive research projects of the sort favoured
by national governments, the European Union or the World Bank.
But while such collaborations are possible, they are still rather in-
frequent. For many reasons, the universities are still the preferred
option. However, to tap into university-based knowledge requires
that a number of prerequisites be met. From empirical research, we
know that geographical proximity is important; it facilitates the
kind of information exchanges and informal contact that is neces-
sary before any — closer — co-operation can be initiated. Suc-

essful long-term collaboration often involves a rather lengthy pre-
history of interaction in which the partners are ‘getting to know’
each other. Other successful arrangements point to the importance
of establishing some kind of intermediary agent or structure with
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which to stimulate or recreate the closeness achieved, alternatively
and over a longer time, by informal contacts or geographical prox-
imity. Where this is done on a long-term and more systematic basis,
collaboration tends to have a greater chance of succeeding. In the
end, collaboration must be built upon a foundation of trust, involv-
ing building informal contacts and mutual accommodation. If the
institutional conte.xt prevents these arising, no amount of rhetoric
is likely to overcome any existing barriers. The need for mutual
accommodation is nowhere more clearly visible than in the field of
technology transfer.

Technology transfer is now a vast field of activity, but our
understanding of its role and function, too, is undergoing a radical
transformation, partly to bring it into line not only with the needs
of knowledge-based businesses but also with those of the knowl-
edge industry. The transformation of the function of technology
transfer can be dated from the late 1970s and early 1980s. These
years have been identified as a watershed in the history of technol-
ogy transfer in the universities, both in the United States and in
Western Europe. Before that, the movement of knowledge from
universities to industry occurred largely through traditional proc-
esses: graduates who went to work for industry; the publication of
results of university research in professional journals; and consult-
ing by university staff. Beginning about 1977, by common consent,
there was a sharp increase in the number and activity of new trans-
fer mechanismes, including:

1 Setting up or reorganizing university patent offices.

no

New experimental approaches to obtaining value from intel-
lectual property, such as equity ownership.

3.  Enhanced development of liaison programmes or a fresh drive
for new membership.

4.  Rapid growth in industrial sponsorship, both in absolute value
and as a percentage of total research funding.
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5. Increasing involvement of universities in regional development
plans.

For example, in the USA, there was, during the 1970s, a change
from relatively passive knowledge-transfer process to one in which
the universities added a new active engagement in the commer-
cialization of research and the processes of economic development.
A similar conclusion could be applied to most of the countries of
the Organization for Economic Co-operation and Development
(OECD).

Be that as it may, technology transfer is at a watershed, and it
is not only an increase in the volume of activity that is occurring
but also a readjustment of the notion of technology transfer to ac-
commodate the emerging knowledge industries. Consider, forex-
ample, the reflections of a recent report from the University of
California. Firstly, in line with the argument developed so far, the
committee observed that:

the distinction between basic and applied research has become blurred,
both because of the shortening of the lead times between discovery or
invention and application, and because of increased recognition that
breakthroughs in our fundamental understanding of nature are often
stimulated by the struggle to find solutions to practical problems...[and
secondly that the] process of knowledge transfer, a traditional function
of the university, is considerably different from the process of technol-
ogy transfer. Unlike knowledge transfer, in which knowledge is passed
from the university to the receiver easily and usually with almost no
follow-up, technology transfer requires considerable effort at all stages
of the process. The analogy of a relay race, in which the baton is passed
cleanly and quickly from one runner to the other (the linear model in
another guise?), fits most knowledge-transfer situations but does not
apply to technology transfer. Technology transfer is more like a basket-
ball (or soccer) game, in which the university is only one player. This
player may bring the ball over the half court (centre field) line, but it
must then enlist the aid of team-mates in order to score. The “ball” is
passed back and forth constantly among the players who may include
business people, venture capitalists, patent attorneys, production engi-
neers, and many others in addition to university faculty.... Given the
need for a more precise term, the working group decided to use the
concept of technology interchange rather than technology transfer. Tech-
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nology interchange not only is more descriptive of the underlying proc-
ess but also begins to erode public and university misconceptions about
the relative contributions of the parties to that process. The groups and
individuals involved in the design, development, production, and com-
mercialization of new technologies are so highly interdependent that
assignment of relative weights to their contributions is impossible. Con-
tinuous interchange is the key factor in contemporary technology trans-
fer.3

In other words, the older view in which a linear process con-
nects discoveries and inventions to the production process, is be-
ing displaced in favour of a more continuous, interactive one. But
the key point is that while, in the linear view, the university was
distanced from the commercial process, and could still preserve its
‘academic’ values, in the present view of technology interchange,
it must become involved at both individual and institutional levels.
If one plays ‘the game’, one must expect the players to adapt to the
rules, and this usually means adapting behaviour. What would such
an adaptation require of the university and its faculty? What would
happen if technology interchange were to move from the periphery
to the centre of the universities’ value system?

In this circumstance, one might expect to find the following:

1 Every major research university will eventually articulate, in
formal policy ?nd mission statements, its commitment to tech-
nology-transfer efforts and reflect this commitment expressly
in its organizational structures and its resource allocations.
No university will be able to ignore this.

2. At the same time, universities that will be expected to increase
their efforts at technology transfer, including commercializa-
tion of research and increased efforts at economic develop-
ment only indirectly associated with teaching and research,
will also come under increasing attacks. They will be told by
both faculty and others that they are being too commercial,
not sufficiently protective of their reputation for objectivity,

3. University of California, private communication, 1992

56



and that they are violating the traditional tacit agreement with
the rest of society that they ought not to be commercially
oriented.

Institutional policy and practice will increasingly allow those
university faculty members who wish to become involved in
activities associated with commercialization of their research
to do so. This will be accomplished without serious damage
to the collegial atmosphere or with the notion that faculty
owe their primary allegiance to the university. As universities
recognize their obligation to serve society through technol-
ogy-transfer activities, institutional purpose and individual
interest in this request will converge.

Organized units within the universities staffed by profession-
als and dedicated to specific tasks related to technology transfer
will continue to be formed and increase their activity. Tech-
nology transfer (or some other name or expression for the
same concept) will become the structuring principle under
which these activities will be co-ordinated and overseen. One
major thrust of this new organization will be co-ordination of
relations with industry. The seemingly disparate activities of
corporate donor relations, corporate research partnerships,
corporate/university economic development initiatives, stu-
dent employment opportunities, continuing education, and
technology licensing, will come to be viewed as part of a pat-
tern of important and unitary interactions with corporations
which need to be fostered and maintained over the long term.

Every major research university will eventually become &i-
nancial partner in start-up companies set up to exploit the
universities’ intellectual property. This financial involvement
will extend beyond passive ownership of equity in these new
companies to some form of active participation in the genera-
tion of venture capital. In most cases this involvement will be
formally separated from the university through the use of buffer
organizations.
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The total and relative financial contributions of industry to
the university will steadily increase. These contributions in-
clude gifts, research funding, payments of licensing fees and
other direct payments for the use of university property, and
membership dues and other special payments for access to the
university. In addition, the government will increasingly rec-
ognise and reward universities for their efforts to interact with
industry.

Continuing education, both as an activity instrumental in the
technology-transfer process, and as an organizational form
within the university capable of facilitating technology-trans-
fer efforts, or useful as a model for other efforts, will become
more important and visible. Depending upon agiven universi-
ty’s academic culture, continuing education units will be em-
powered to undertake significant additional functions, or not.
In some situations the development of technology transfer may
even contribute to the decentralization of continuing educa-
tion.

Policies governing university and faculty interactions with
commercial concerns will become more process-oriented and
less proscriptive. This will result in the formulation of special
review committees designed both to protect university values
and to foster appropriate university commercial involvements.

The summary drawn from the work of Matkin captures well

the term of the next phase of an evolutionary process in relation to
the role of universities in economic development4. Depending upon
the university, it gives an idea of the distance which it will have to
travel if it wishes to be a player in the game. It supports the view
that the process of commercialization of research is more accu-
rately described as technology interchange, a process of continual
interaction between professors and a range of other actors who are

G. W. Matkin, Technology transfer and the university (Macmillan, New
York, 1990).
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involved in the commercialization process. In the preceding para-
graph, we have tried to indicate how the adoption of technology
interchange will modify the university, and we conclude this sec-
tion with the sombre observation that, if the universities do not
develop along the lines suggested above, they will be bypassed by
other organizations that will. The firms, particularly those in the
advanced industrial economies, need the output of the knowledge
industry, and the universities should be an integral part of it. To say
the least, they will not be able to participate to the full unless they
change.

CONCLUSIONS

In this lecture, we have laid out some of the features of the second
phase of the research revolution, a development which began in
earnest in the 1970s when universities moved progressively from
research consultancy, through the licensing of intellectual property
and technology-transfer activities, to taking equity, with others, in
the capitalization of the knowledge generated through research. In
becoming involved in the capitalization of knowledge, universities
are, to a certain extent, staking their future on the income that
might be generated from playing a more direct role in economic
development, arole that takes them beyond the provision of quali-
fied manpower, on the one hand, or the provision of fundamental
knowledge, on the other. In making this move, universities have
adopted forms of organization and research practices which re-
semble those which pertain in industrial laboratories, just as indus-
try have adopted some of forms of research and patterns of re-
search behaviour which have been found successful in universities.
Both types of organization have become more alike as they
have become more permeable and as their goals begin to converge.
Phis is perhaps one of the best examples one could find of the idea
that research is transgressive. Research seems to cross all bounda-
- cognitive, organizational and institutional. It blurs the
boundaries between disciplines, it creates new, often flatter, or-
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ganizational structures and it makes institutions more permeable.
Indeed, research has many of the characteristics that we have as-
cribed to Mode 2 knowledge production. But this development is
taking place within a larger process of an emergent Mode 2 soci-
ety. The examples given above, though drawn from the market,
indicate how traditional institutions and modes of behaviour are
being adapted by both universities and industry, so that the line
between the science of the universities and the research of industry,
particularly in the search for winning design configurations, loses
much of its significance. In this, many universities have not been
passive. Many have moved over the last twenty years from spas-
modic consultancy, to patenting their intellectual property and li-
censing it to industry, to establishing research groups likely to be of
interest to industry or society more widely (particularly in the
biosciences), to setting up science parks and taking equity partici-
pation in companies aimed at exploiting their own intellectual prop-
erty. This constitutes what has already been labelled a second aca-
demic revolution and the process is in full throttle on many univer-
sity campuses. As is perhaps now evident, the process is promot-
ing the very coevolution of Mode 2 society and Mode 2 science
that was outlined in more general terms at the beginning of the
lecture.

But it is time to move on. In the third lecture, an attempt will
be made to demonstrate that the second academic revolution is in
fact only a phase in the research revolution, and not the one which
will test the universities most severely in terms of its mission state-
ment, modes of governance, goals and objectives. Transgressivity
is a characteristic not only of research but also, more generally, of
contemporary social change. The mutual adjustment and accom-
modation of Mode 2 science to Mode 2 society will have to take
place in the universities for the reasons that universities are still
important knowledge producers and also the primary sites at which
the training of future generations of knowledge workers will take
place. At least this is so at the moment. If universities do not par-
ticipate in this — third — phase of the revolution, they will be
marginalized by a society that increasingly knows how to use re-
search to attain its ends. If universities do engage in the third phase
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and make the necessary adjustments, new types of science and sci-
entists will be necessary and they will take universities not only
into the market but also beyond it.
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Lecture 3

THE RESEARCH REVOLUTION - PHASE 3:
UNIVERSITIES MOVE BEYOND THE MARKET

Summary

In this lecture, the discussion of the characteristics of Mode 2 knowl-
edge production will be resumed. The notion of reliable knowl-
edge is introduced and it is suggested that in the realm of knowl-
edge production, as in so many other areas of society, the former
certainties concerning the nature of scientific knowledge — defini-
tions of knowledge, how it should be pursued, the contribution
that it makes to society, etc. — have become problematic. The idea
that science is, in some way, special and deserves privileged treat-
ment has fallen under suspicion, and the value of the knowledge
which it produces is now contested. Nonetheless, the view persists
that there is some quality or set of qualities in the way that science
works from which it derives its special status. Historically, the de-
fence of this special status has been in terms of its ability to pro-
duce reliable knowledge using the twin processes of consensibility
and consensuality. The main elements of this argument are pre-
sented, from which it is possible to show that there is no reason, in
principle, why Mode 2 knowledge cannot be as, or perhaps even
more, reliable knowledge than that produced in Mode 1. The main
thrust of the argument is that the introduction of the social does
not necessarily undermine reliability but, rather, may enhance it
For this reason, it is called socially robust knowledge which may
come to replace merely reliable knowledge. Therefore, if, on the
one hand, the current organization of disciplinary science and its
associated apparent remoteness from society can be seen to be lead-
ing to contestation, and if, on the other hand, contextualized know|-
edge reduces contestation while bringing no intrinsic decrement in
reliability, what is to stop scientists from embracing the social and
taking part in the production of socially-robust knowledge? So-
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cially-robust knowledge is produced when scientists enter what is
called the contemporary agora — the sites where in the interaction
of a range of perspectives problems are identified and research
agenda established.

The third phase of the research revolution, then, describes a
society in which the universities participate in the agora. Just as
the universities prospered as centres of pure science in the immedi-
ate aftermath of the Second World War, so to prosper in the post-
Cold War environment, they need to establish themselves as par-
ticipants in the production of socially-robust knowledge. To do
this, universities must move out of the ivory tower, not into the
market, where to some extent they increasingly are already, but
beyond it. Socially-robust knowledge is a type of knowledge that
is beyond both the disinterested knowledge of the disciplines and
the ‘useful’ knowledge demanded by industry. It is generated not
in the market but in the contemporary agora. Involvement in the
agora and the participation in the production of socially-robust
knowledge require both a radical reorganization of the university
and a more or less complete ‘rethinking’ of science.

INTRODUCTION

The emergence of novel and transgressive socio-economic forms,
which characterized Mode 2 society, was described in the previous
lecture. It was further argued that these forms which occur both in
society and science are linked in a coevolutionary process. Mode 2
science isemerging in the context of this Mode 2 society, although
their relationship is not linear but reflexive.

In this lecture, we want to begin by exploring further what is
meant by the context of application, and by contextualized science.
This will lead to a consideration of a new form of knowledge —
socially robust knowledge — and how it is generated. We will then
turn to examine the implications for the universities of participat-
ing in the production of socially robust knowledge.
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SOCIETY ‘SPEAKS BACK’TO SCIENCE

In modern times, science has always ‘spoken’ to society. The argu-
ment that will be developed here is that now society ‘speaks back’
to science. This, in the simplest terms, is what we meant by the
term contextualization. Communication between science and soci-
ety is by now a familiar theme. Science has always ‘spoken’ to
society — in the sense that it has provided a continuous flow of
new ways of conceptualizing the physical and social worlds. These
new conceptualizations, of course, have often depended on the
availability of particular investigative techniques and have been
grounded in particular socio-economic environments. So there has
always been a reflexive element. This is not new. But, although
inevitably rooted in particularities, science has been able to tran-
scend these constraints and produce generalizable outputs — which,
of course, can then be translated back into ‘local’ contexts in the
form of socially-desirable and economically-useful goods and serv-
ices. And its ability to transform the particular into the generalizable
and back to the (improved) particular — the ‘local’ into the uni-
versal and back to the (enhanced) ‘local’ — has always been sci-
ence’s special mission. It has also been the basis of its social power
and, consequently, its institutional and professional privileges. To
realize its potential for innovation, it has been argued, science has
to be allowed to ‘speak’ to society — and as freely as possible.
Today, society ‘speaks back’to science. To some extent, sci-
ence is ‘listening’ as a consequence, in part, of the boundaries sepa-
rating science and society becoming much more porous. Again,
this is not entirely new. Indeed, the capacity of scientific and tech-
nological research and development to generate innovation depends
not only on research but also upon the existence of creative and
interactive links between science and society, many of which are
mundane but some of which are crucial. These links then create a
climate conducive not only to further innovation, but also to wealth
creation, improved health (and other quality-of-life indicators), and
long-term sustainability in harmony with the natural environment.
Whether these links are strongly articulated through national inno-
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vation policies, or more weakly through popular and political ex-
pectations of science and technology, science and technology are
apparently the driving forces behind increased international eco-
nomic competitiveness and further societal change. The dominant
assumption is that scientific and technological knowledge produc-
tion makes an essential and integral contribution to the functioning
of societies now, and will continue to do so in the future. However,
this emphasis on the potential of science and technology for inno-
vation is from a societal perspective only half the story — its main
focus being their impact on society. But it is equally important to
describe and understand the impact of this mutual interpenetration
on science itself. This is the other half of the story — and what is
meant by the contextualization of science.

If this argument is accepted, the dichotomy between Mode 1
science and Mode 2 knowledge production becomes less sharp. It
iscommon ground that in modern science there are now more ac-
tors, that more forces — social, economic, political — act on sci-
ence, and that there are much greater expectations that science can
provide useful answers to an ever-increasing range of societal prob-
lems. But from the point of view of the academic scientists them-
selves, none of this means that context-free science — free from all
contextual interference — has ceased to exist. Even if they must
take into account the social context when they come to frame their
research, Mode 1science still lives in the functioning of the canons
of empirical method, protected by its voluntarily-accepted social
norms. No set of socio-economic priorities should be allowed to
touch this system. Indeed, it has traditionally been argued that this
system can be preserved only if a particular relationship between
science and society is maintained. It is a relationship in which soci-
ety is compared to the flesh of a peach, science to its hard pit. In
this view, science is surrounded by a society that remains foreign to
the workings of scientific method. Society, for its part, could reject
or accept the results of science; it could be hostile or friendly to-
wards its practical consequences. But there was no direct connec-
tion between scientific results and the larger context of society.
Social influences, in this view, could do no more than slow down
or speed up the advancement of an autonomous science. Clearly, in
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such a model the context is not able to speak back.

The thesis we want to explore now is that a Mode 2 society
generates the conditions in which society is able to ‘speak back’ to
science, and that this reverse communication is transforming sci-
ence. In other words, contextualization is affecting scientific per-
formance, deep down, at its epistemological roots, and altering the
conditions of its objectivity or, more modestly, its reliability. It is
this transformative aspect of the context that makes Mode 2 a new
mode of knowledge production. But, what would be the particular
characteristics of contextualized knowledge that allowed such a
‘reverse transformation’ to occur, but did not, at the same time,
undermine either disinterestedness or reliability? The challenge is
to demonstrate that contextualization, often a reflection of shifting
and unstable configurations of interests and perspectives, actually
enhances scientific reliability.

When modern science began to carve out its own social space
of relative autonomy and freedom from direct social and political
control, including t’ e cognitive authority of the church, it consisted
of the esoteric activities of tiny groups of practitioners committed
to exploring the natural world, guided by a set of rules and prac-
tices which they called the experimental method. The potential ap-
plication of any insights they gained and of the results they pro-
duced to solving practical problems was always a lingering pres-
ence; many early modern scientists were expected to contribute to
the solution of practical problems — in navigation or artillery —
and many early scientific organizations, such as the Royal Society
and the academies of arts and sciences established in the 17th and
18th centuries, were originally founded with instrumental motives
— for example, to encourage agricultural improvement. However,
the applicability of their results was neither their main purpose nor
their principal motive for developing experimental scientific tech-
niques.

Yet, not much more than three centuries later, applicability —
or, more broadly, instrumentality — has become a dominant theme.
While we continue to be in awe of the apparently-inexhaustible
capacity of science to produce novelty (and to do so with increas-
ing efficiency and productivity), there are inexorable demands that

66



this novelty must contribute more exactly — and more exactingly
— to improving present and future societal arrangements, inform-
ing social values and life styles, and helping to develop more sus-
tainable relationships with the natural environment. Of course, it is
easy to describe this ongoing process of contextualization in differ-
ent research fields, by pointing to shifts in research agenda and
how research priorities are set, and describing how the policies of
research councils and other funding agencies are articulated and
directed towards certain objectives (which, in turn, must be com-
patible, or converge, with how problems are defined in scientific
terms). But contextualization has a second and deeper meaning
which relates to our conceptions about how science ‘really’ works,
what is distinctive about it, and what, therefore, should not be
touched and cannot be altered without running the risk that we will
‘kill the goose that lays the golden eggs’, in other words, inhibit
science’s capacity to generate novelty. It is this second meaning of
contextualization which needs to be investigated.

The demarcation between science and non-science

Not too long ago, questions about the distinctiveness of science
were thought to be easy to answer. Philosophers of science estab-
lished so-called demarcation criteria to distinguish between sci-
ence and other domains. They developed a checklist of criteria which
could be applied to detailed examples of scientific practice, to the
rules and methods inherent (as they saw it) to science’s perform-
ance. These efforts to establish a clear demarcation between sci-
ence and non-science failed utterly. They were finally demolished,
in part, by Paul Feyerabend’s triumphant-anarchistic demonstra-
tion that in science ‘anything goes’, but more importantly by many
excellent empirical studies in the history of science which demon-
strated that there were no hard-and-fast and invariable criteria to
determine what was ‘scientific’ and what was not. Instead, the pic-
ture that emerged from these studies was one of science as essen-
tially a social process. Moreover, it was a picture of far greater
diversity of, and even dissonance between, scientific practices and
research fields in different historical (and geographical) settings
than the dominant account of a unified and context-free science
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was prepared to acknowledge. However, this is not to say that in
research ‘anything goes’ or that scientific knowledge production
cannot be distinguished from the production of other kinds of knowl-
edge. Nor does itjustify the assertion that ‘science is merely a so-
cial construction’, which is no more satisfactory than rival accounts
of science as absolutely unperturbed by its social context.

But, even if the attempt to define science in terms of near-
absolute demarcation criteria is accepted to have failed, it is still
possible to distinguish science as a separate subsystem of society in
terms of its distinctive normative values, epistemologies, method-
ologies and social practices. But even here there are difficulties.
Previously, we argued that boundaries between the differentiated
segments of society have become fluid and porous. It, therefore,
becomes more difficult to regard science as a distinctive subsystem
of society, clearly demarcated from other subsystems, because all
social systems and subsystems are in flux and have become trans-
gressive. Science cannot be an exception to this general rule. As
Mode 2 characteristics pervade society and knowledge production
becomes more distributed, the question becomes urgent of how far
these processes are affecting, and in what way, the core of scien-
tific knowledge production.

Is there, to put it bluntly and simply, a distinct mix of prac-
tices, methods and beliefs — a hard epistemological core — un-
derlying scientific knowledge production, which cannot be changed
without destroying what makes science work? The existence of
such a hard core is deeply held by scientists and appears unassail-
able, because it is tightly wrapped up in, and protected by, many
soft layers. One such layer protecting this hard core is the set of
social norms governing collective scientific behaviour that was first
articulated by the American sociologist, Robert Merton. Merton
suggested that the coherence of the scientific enterprise was main-
tained by the voluntary acceptance by scientists of the following
social norms: universality (scientists must be open with respect to
communicating the results of their work); organized scepticism (by
means of which scientists put one another’s results to the most
rigorous tests before accepting them); and disinterestedness (sci-
entists should be motivated only by curiosity). Following these
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norms was critically dependent on the existence of a creative space
somewhere in society in which the production of scientific knowl-
edge as a public good could be pursued. In return for producing
basic research, society should maintain this space and allow scien-
tists to pursue their enquiries wherever they might lead. In other
words, science should be an autonomous enterprise. These norms
encapsulate what is sometimes called the Mertonian ideal of sci-
ence, and they are so-constructed that any breach of them compro-
mises the quality of the research output. These norms, then, pro-
tect the hard core of science from undue external influence and are
so-constructed that, if tampered with, it would alter, detrimentally,
the production of good science.

At greatest risk, apparently, is the autonomy of science. It has
always been vigorously argued that the existence of a social space,
however conditional and precarious, where cognitive and intellec-
tual interests can be pursued which are exempt from direct social
control and blatant political pressures, is an indispensable precon-
dition of efficient, effective and, above all, high-quality science.
But, similar arguments can be made for other classical social norms,
for example universality, organized scepticism, and disinterested-
ness: the so-called Mertonian norms of science. For example, if
researchers become too closely involved in running their own
biotechnology firms, or too anxious to become entrepreneurs in
pursuit of profit, will it be possible to continue to regard the pur-
suit of disinterested scientific knowledge as a public good? These
are not merely, or even particularly, moral questions. When Robert
Merton originally identified these norms, he regarded them as es-
sential elements within the ethos of science. In particular, he em-
phasized their functionality. The norms were necessary to guaran-
tee that science would continue to ‘work’.

However, it can be readily demonstrated that many other
groups have their set of professional norms — doctors, for exam-
ple — which are designed to give its practitioners a degree of au-
tonomy and to protect the profession from undue interference. In
what way are the social norms of science different? Possibly, what
distinguishes scientific communities from these other professional
communities is that science seeks to preserve its autonomy, not for
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science’s own sake, but as a space in which creativity and original-
ity can be nurtured for the greater public good. The historical record
suggests that it is this characteristic thatjustifies the distinctiveness
of science, although with significant qualifications. Plato had a simi-
lar idea: that the good of society could be found by stepping back
from the hurly-burly of social life, by contemplating the ‘good’—
the agathon. The creative space, in this instance, was meant to be
cultivated and preserved by the philosophers.

But science, because of its commitment to the empirical, is
not in the position of the Greek philosophers. Scientific activity, as
one of the most sophisticated expressions of human creativity, still
depends on the ‘materiality’ of scientific practices — the material
— human, physical, financial and technical — which is required to
undertake research. Scientific practice requires elaborate and so-
phisticated experimental systems consisting of instruments, organ-
isms, hypothetical (because theoretical) entities; and complex labo-
ratory and other organizational arrangements which include peo-
ple, objects, financing and spaces. By themselves, all this material
would not be sufficient without the beliefs, theories, ideas and specu-
lations of scientists themselves, and also without the testing and
validation procedures needed to assess ‘success’ and ‘failure’ and
to establish priorities. Indeed, the coherence of the whole scientific
enterprise is produced by the conjunction of this cognitive and nor-
mative material — which, of course, is the product of previous
processes of knowledge production. Given this close interaction, it
is hard to see that a very strong case for autonomy — at least in the
sense proposed by Plato — can be made.

When the evidence is weighed, perhaps what is truly distinc-
tive about science is this mixture of the ‘materiality’ of scientific
practice and of these more theoretical, speculative and often for-
malized beliefs which have shaped scientific ‘reality’ (which, itself,
is constantly being tested, validated and revised). The result is a
shared view of acommon reality, primarily of the natural, but also
of a social world. This belief in acommon reality is no longer na-
ively imagined to be an ‘image’ of an independently existing ‘outer
reality’. It is only an imperfect and incomplete representation of it.
Since this ‘reality’ iscommon to all researchers, it makes sense for
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them to share, compare, revise and combine their diverse ‘facts’
and ‘maps’ into a version, or a portfolio of equivalent versions, of
this ‘reality’ on which they can all (potentially) agree. Although
science does not have a monopoly of understanding the natural
world — other belief systems also claim such understanding, albeit
in different variants — it has succeeded in establishing the strong-
est claim to offering the most comprehensive view of this ‘reality’.
Everyday or commonsense knowledge versions of this ‘reality’
continue to circulate; indeed, they are indispensable. But the bounda-
ries between scientific beliefs and commonsense beliefs, although
shifting, fluid and even overlapping, continue to exist. Because of
its unique combination of practices, procedures and already vali-
dated knowledge, science seems always to be more successful than
commonsense knowledge in extending, revising and discovering
new knowledge about this common ‘reality’. But an important
qualification must be added. Although few dispute science’s supe-
riority in improving our knowledge of the natural world, its superi-
ority with regard to the social world, and our place in the natural
world, is more often challenged.

This is where contextualization enters anew. If it is accepted
that the processes that have enabled science to arrive at such a
monopoly of definitions of the natural world and of a common
‘reality’ are also social, why is there such resistance to admitting
that the result — the common ‘reality’ — is also open to social
shaping, at least under certain constraints which need to be ex-
plored? Why is the social world excluded as being part of this ‘re-
ality’? Why is the place of social knowledge in the production of
scientific knowledge denied, or even suppressed? Is it because it is
seen as exposing science to unwelcome external influences?

Part of the answer lies in the history of the institutionalization
of science. From the start, science renounced the claims, in the
famous passage of the Charter of the Royal Society, ‘to meddle
with politicks, rhetoric, divinity’. Of course, with the benefit of
hindsight, it is possible to see that science, at any rate that branch
of science preoccupied with producing a better understanding of
the natural world, was right to try to exclude the political and so-
cial world with its religious wars, intolerance and violence. In the
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same early modern world, there was also an insatiable appetite for
meaning and certainty at a time when meanings were being con-
tinuously reworked and certainty could not be achieved. Later, when
science and technology had become firmly locked into the project
of modernization, they indirectly contributed to knowledge about
the social world. The social sciences, growing up in the shadow of
politics and under the tutelage of the nation-state, attempted to
emulate, and imitate, the more successful natural sciences. The mod-
ernization project itself was inspired by a strong belief that the ra-
tionality of science would spread to all other realms of political and
social life. The ‘success’ of the application of scientific and techno-
logical knowledge during industrialization and the spread of sci-
ence-based innovations, helped to maintain social consensus, and
social peace, in liberal Western democracies. However, despite their
‘success’, the natural sciences are still reluctant to admit a more
social view into the common ‘reality’ which they have so brilliantly
contrived. There remains a deep-seated fear of becoming contami-
nated by the social world.

According to some scholars, the history of the development
of a concept of ‘objectivity’ was characterized by the struggles of
scientists to control their own fears. Perhaps the greatest of these
fears concerns their own imagination and feelings which they came
to distrust deeply. Repeated attempts were made, from the late-
18th to the mid-19th centuries, to distinguish between those parts
of their creative insights and imagination that could be controlled
by reason (which came to be recognized as ‘objective’), from those
darker parts of the same imagination that tended to run out-of-
control and, therefore, could only lead to error and deception. Out
of scientists’ struggle with their own feelings which they regarded
as dangerously ‘subjective’, there emerged a still powerful notion
of objectivity in the now much wider spectrum of what is under-
stood by objectivity — notions which are polymorphous, multidi-
mensional and historically contingent. Today, scientists have to
confront another, but analogous, fear — their fear of the social
world, of imputed interests and ideological distortions, of cultural
influences, and of their own subtle and not-so-subtle accommoda-
tion to political and economic pressures. If they openly acknowl-
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edge these perceived threats, it may be possible to develop another
model of knowledge production, in which knowledge becomes
socially more robust. There is no irreducible essence of science
that would invalidate such a decision. Rather, the actual practice of
science, instead of feeling bound by inherent rules which constrain
it to a particular path of development, might be set free to explore
different contexts, and perhaps to evolve in different directions.
The research process would cease to be seen as moving uneasily
between the imperatives of inner and outer-directedness, to a more
comprehensive, socially-embedded process in which all the contin-
gencies, constraints and opportunities created by contextualization
would be made more explicit and, therefore, capable of critical and
reflexive debate. It is in this sense that we talk of the contextua-
lization of science, as an enlargement of its scope and enrichment
of its potential, not as an instrumentalist alternative.

Earlier, the question was asked whether there was a hard epis-
temological core underlying scientific knowledge production which
could not be changed without destroying what makes science work.
It does not appear so. Rather, there seems to be a wide range of
conditions, practices, methods and beliefs in which science has flour-
ished. This historical record tells us this much. But, if it is indeed
the case that there is no unique hard core but a diversity of research
practices, it is hard to see what could be lost by openly admitting
the social into the mix. On the contrary, as the next section shows,
there might be something to gain.

FROM RELIABLE TO SOCIALLY-ROBUST KNOWLEDGE

The argument so far has passed through three stages. First, that the
great conceptual, and organizational, categories of the modern world
- state, market, culture, science — have become highly perme-
able, even transgressive. They are ceasing to be recognizably-dis-
tinct domains. As a result, commonsensical distinctions between
the ‘internal” and the ‘external’ have become increasingly prob-
lematical — a change which has radical implications for demarca-
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tions between science and non-science, for notions of professional
identity and scientific expertise, and for the relationship between
universities and industry.

Second, that the range of external factors that scientists must
now take into account is expanding — inexorably and exponentially.
This is hardly a novel or a controversial observation. The increas-
ing emphasis on the contribution of science to wealth creation (and
social improvement), the growing deference to so-called ‘user’
perspectives, the great weight now attached to ethical and envi-
ronmental considerations, are all examples of the intensification of
what we have called contextualization. But, in the eyes of many
scientists, this contextualization is unwelcome and imposed. It is
something that must be lived with — and worked round — be-
cause it is only by acknowledging these apparent ‘externalities’
that the funding-base of science can be secured. In the light of the
first stage of our argument, that is clearly not a view we share. In a
fuzzy world, contextualization cannot be reduced to an accumula-
tion of ‘externalities’— which cannot properly be characterized as
such. A real shift is taking place from what can be called weakly-
contextualized to strongly-contextualized knowledge production;
this is no mere rhetorical shift from a once-dominant Mode 1-like
discourse of, say, physics to a Mode 2-like discourse of, say, bioen-
gineering. Again, this assertion is not especially controversial. There
is substantial evidence — anecdotal and statistical — to back it up.

Third, that under contemporary conditions the more strongly
contextualized a scientific field or research domain is, the more
important the knowledge it is likely to produce. This is one reason
why some of the best scientists want to work in the context of
application. This is areversal of the traditional pattern of scientific
working, which has been to restrict as far as possible the range of
external factors, or contexts, which must be taken into account.
Many of the most powerful scientific techniques — reductionism,
normalization, sampling methods, control groups — are based on
this presumption of containment or insulation. The laboratory, or
wider research arena, was a sterile space — in a metaphorical as
well as physical sense. Good science was constantly at risk of be-
ing contaminated, even overwhelmed, by a surfeit of contexts. Our
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argument is that this has now been turned on its head. Those scien-
tific fields which have continued to restrict the range of external
factors which they take into account, to preserve a ‘sterile space’,
and which we have characterized as weakly contextualized, are
tending to become less creative and productive. Those which em-
brace, willingly or otherwise, a diversity of external factors, and
which can be described as strongly contextualized, are not only
more ‘relevant’ (this is an inevitable outcome, whether welcomed
or resented), but also more dynamic in terms of both the quantity
and the quality of the knowledge they produce.

The time has come to proceed to a fourth, and crucial, stage
in the argument. Some — perhaps many — scientists may be pre-
pared to accept that more highly contextualized knowledge is not
only inevitable (in the sense that, in the absence of contextualization,
resources for science would dry up), and ‘relevant’ (in the sense
that political, economic and social agenda are more directly ad-
dressed), but even scientifically beneficial (in the limited sense that
a wider range of perspectives and techniques may be brought to
bear on scientific problems). But, most will be reluctant to admit
the idea that the more highly-contextualized knowledge is the more
reliable it is likely to be — not necessarily within the framework of
disciplinary science which defines reliability almost exclusively in
terms of replicability — because it remains valid outside the ‘ster-
ile spaces’ created by experimental and theoretical science. Such
knowledge is properly called ‘socially-robust’. To demonstrate this
larger reliability of contextualized knowledge, it will be necessary
to question some of the epistemological assumptions on which sci-
ence is thought ultimately to depend.

Science as Reliable Knowledge

Reliability is considered the major epistemic value of science. With-
out reliability there is no science. The most sophisticated models of
the natural world would be useless if they could not be relied upon
to be correct (at any rate within the constraints of the available
science). As a result, scientists have developed highly-elaborate
procedures and methods for testing, cross-checking and validating
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results and theories in order to produce what approximates to ‘good
science’. Of course, scientists are not alone in their commitment to
reliability. Lawyers, accountants and many other professions are
equally concerned that the outcome of their work should be ‘cor-
rect’. However, theie is an important difference. Scientists test their
results ‘against Nature’, not against books of rules such as laws, or
against a body of figures and procedures designed to produce a
balance sheet. A more fundamental difference is that the search for
reliable knowledge is embedded within the basic belief system of
science, both conceptually and in terms of its empirical practices; it
is not an externally imposed requirement or constraint. Although
mistakes and faults may go unnoticed initially, eventually they will
be discovered by other scientists in new contexts. This compulsion
continuously to check and test one’s own and each other’s claims
and results is deeply ingrained in the training of researchers. It has
also been institutionalized in scientific practice; a good example is
the pervasive peer-review system. There is a constant fear of con-
tamination — whether by ‘natural artefacts’ that invade the experi-
mental environment, producing ‘dirt’ or causing ‘noise’;or by the
intervention of social, economic or political interests which are also
suspected of distorting the reliability — or, more fundamentally,
truth value — of scientific results. It is for this reason that the
commitment to the autonomy of science and the belief that it must
be independent from other social institutions and systems are so
strong. In the eyes of many of the institutional leaders of science,
any penetration of science by other cultures — whether democratic
or commercial — is bound to compromise its autonomy and, there-
fore, must be resisted.

However, it is clear from the work of many historians of sci-
ence that the search for absolute, or near-absolute, ‘truth’ was
gradually replaced by the more pragmatic goal of producing ‘reli-
able’ knowledge. Science’s assertion of intellectual and institutional
autonomy has been justified — modestly — by the need to main-
tain the conditions under which such knowledge can be produced,
rather than — arrogantly — by aclaim to reveal or recognize ‘truth’
Indeed, science’s autonomy is rooted in uncertainty and in the need,
in the absence of terminal ‘truths’, to maintain disinterested (and,
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therefore, uncontaminated) methods by which all theories, results
and other claims can be constantly interrogated. So what emerges
from the history of science is a gradual process of complex
objectification rather than of grand assertions of the discovery of
once-for-all methods guaranteeing objectivity. Moreover, the con-
cept of objectivity itself is a many-layered, polymorphous and poly-
valent notion. It comprises many strands — moral, methodologi-
cal, epistemological and pragmatic-instrumental, the cumulative
effect of which is to create the conditions of objectivity. But the
meanings attached to objectivity do not cohere either in precept or
in practice. Sometimes, objectivity is seen as a method of under-
standing, the stepping back from a subjective point of view; at other
times, as an attitude or ethical stance that can be described as neu-
trality or impersonality. But whatever its many-layered meanings,
it is still the best method to obtain certified and reliable knowledge.
Without this reliability, science would only be a game of the imagi-
nation — a powerless effort leading nowhere.

No one has done more than John Ziman to emphasize this
aspect of science. In his view, science produces reliable knowledge
because of the particular rules which all scientists must adopt in the
process of generating and communicating new knowledge. For him,
as for Merton, ‘scientific knowledge is the product of a collective
human enterprise to which scientists make individual contributions
which are purified and extended by mutual criticism and intellec-
tual co-operation’. In its simplest form, the model consists of a
number of independent researchers, linked by acommon set of proc-
esses governing the status of the knowledge produced. According
to this model, the goal of science is to extend the sway of rational
opinion over the widest possible field. Furthermore, Ziman argues
that scientific knowledge can be distinguished from other intellec-
tual artefacts of human society by the fact that its contents are
open to consent — that is, each message is neither so obscure nor
ambiguous that the recipient is unable to give it whole-hearted as-
sent or to offer well-founded objections. To be comprehensible to
others (although the definition, and so the extent, of ‘others’ is
crucial), is necessary if a scientific object, whether theory or set of
empirical findings, is to be made available to be added to the stock
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of knowledge or open to improvement or refutationl

Furthermore, according to this model, the goal of science is
to achieve the maximum degree of agreement, that is, of
consensuality. ldeally, the general body of scientific knowledge
should consist of facts and principles that are firmly established
and accepted without serious doubt, by an overwhelming majority
of competent, well-informed scientists. Thus, it is convenient to
distinguish between aclear message with the potentiality for even-
tually contributing to aconsensus, and a consensual statement that
has been fully tested and universally agreed. Clear messages are a
necessary condition for any scientific communication, whereas only
a small proportion of the whole body of science is undeniably con-
sensual at a given moment. It is through the operation of the twin
processes of consensibility and consensuality that science is able to
produce reliable knowledge.

Conversely, if messages are so obscure that they cannot be
understood and thus incapable of being tested and purified by oth-
ers, then consensus cannot be established. It follows that such mes-
sages should not be admitted to the realm of science. Equally, if the
social relations of knowledge production and the economic condi-
tions under which it takes place inhibit the free flow of informa-
tion, this crucial consensus-building process is undermined and,
with it, the claims of science to produce reliable knowledge. Such
an argument is hardly novel; it has been used for many years, for
example, to defend science from being co-opted by, or subordi-
nated to, the values of business and political cultures. Business
culture, in particular, because of its focus on short-term perform-
ance and its ethos of confidentiality stimulated by the perceived
need to protect intellectual property, is frequently criticized for its
predisposition to distort the free flow of information. Such distor-
tion restricts consensibility and weakens the fabric of consensuality
— the very elements which enable reliable knowledge to be pro-
duced.

However, there are two main difficulties (or limitations; within

1 J. Ziman, Reliable knowledge, pp. 1-10, Cambridge University Press,
Cambridge, 1978.
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this model — which, admittedly, has been presented here in an
oversimplified form. The first, which is conceded by most scholars,
is that although it is science’s goal to achieve the maximum degree
of consensuality, nevertheless only a small proportion of the whole
body of science is undeniably consensual at a given moment. But,
if the objective of maximum consensuality can only be achieved
sometime in the future (and a future that always recedes), what is
its current status, and force? In practice, most scientists, in terms
of their day-to-day behaviour, seem content to work within the
very limited consensus(es) of their own specialisms. It is within
these relatively limited horizons of discipline-bound peer-group
consensus that research activity takes place, theories are constructed
and evidence collected and analyzed, and scientific reputations es-
tablished and maintained. Only rarely can an overarching group of
‘integrators’ be identified which is attempting in a systematic way
to extend these specialist consensus(es) to the ‘maximum extent’.
Nor does it seem to be true that scientific recognition by peers
depends on one’s findings being absorbed into the existing consen-
sus. Rather, that consensus may not arise until much later when all
the implications of a particular theory or set of findings are cor-
roborated. Even Nobel Prize winners who have launched new re-
search trajectories often have to leave the building of the ‘maxi-
mum range of consensus’ to historical processes. The ideal of a
widespread consensus seems to lie always in the future, often the
remote future. In the short term, the consensus-building process is
a much more local affair determined by the peer group of each
specialism.

The second difficulty, which follows on from the first, is that
the emergence of ever-finer specialisms which science raises leads
to a proliferation of ever-narrower consensus(es). But, if, as the
model of consensuality and consensibility suggests, the more wide-
spread the consensus the more reliable the knowledge, how can
reliable knowledge be generated when most disciplinary experts
frankly admit that they know more and more about less and less?
Rather, the disintegrative characteristics of modern scientific prac-
tice appear to be reducing the prospect of producing reliable knowl-
edge — if , that is, reliability rests on the possibility of achieving
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widespread consensus. The whole process appears to have been
thrown into reverse. Of course, someone trained in the techniques
of a particular specialism, in principle, could check research find-
ings in another specialism — but this is hardly so in practice. This
cross-disciplinary, cross-specialism checking capacity depends on
two conditions being satisfied — first, that generic techniques can
be identified and applied (apart from allegiance to common norms
of behaviour), and second, that the consensibility of scientific find-
ings in different disciplines and specialisms can realistically be main-
tained.

Neither condition is easy to satisfy. Instead, scientists rely on
the trust they have in each other and in the integrity of the
consensibility process. Not only do they trust their colleagues, they
also trust that the publication of research-findings which enables
them to be checked, and improved or refuted, will inevitably bring
to light ‘wrong’ facts and eliminate unsustainable theories, even
within the narrow territory of a particular specialism. But, again,
this only happens in the long-term which raises again the first diffi-
culty. So instead of there being a broad consensus, the pattern that
emerges is of a set of discrete consensus(es). Although each is the
product of the dynamics of research within a specialism, severely
limiting the possibility of creating broader consensus, consensuality
nevertheless is maintained by the exercise of mutual trust among
scientists, based on their belief/agreement that the process of open
interrogation of research-findings is broadly similar across
specialisms. There is another reason for believing that the emer-
gence of more and more specialisms and subspecialisms does not
threaten the long-term production of reliable knowledge. It can be
argued that, so long as scientists are free to pursue their own ideas,
they will inevitably raise problems that cross fixed disciplinary or
subdisciplinary boundaries. As a result, the unconstricted pursuit
of knowledge through a vast process of checking and cross-check-
ing will, in the end, still produce a robust fabric of reliable knowl-
edge. The very proliferation of discipline- and specialism-bound
consensus(es) will ensure their intermingling, so producing a web
of overlapping consensus(es), which arguably approximates to a
grander overarching consensus and certainly produces the condi-
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tions for consensuality.

These processes of consensibility and consensuality admittedly
are slow. They are, however, self-regulating and systematically elimi-
nate errors. It is argued that these processes are most effective if
the science system is kept separate from other forms of knowledge
production which might transgress the imperatives of consensibility
and consensuality. The basis of the argument for separation is that
the capacity to create consensus depends on the clarity with which
research results are communicated. This, in turn, depends on sys-
tems of training and socialization which can only be expressed
through the practices and procedures of the particular specialisms
into which the modern scientific enterprise is currently subdivided.
It is an apparently convincing chain of argument. Consensibility
and consensuality are now global phenomena which sustain the
belief in the universality of scientific knowledge, although, at any
particular time, this universality only comprises an aggregation of
the relatively constricted consensus(es) of an ever-increasing number
of specialisms.

Nonetheless, the actual operation as opposed to the princi-
pled articulation of consensuality reduces the potential for produc-
ing reliable knowledge. If, according to this model, the achieve-
ment of greatest possible consensus remains the long-term goal,
the reliability of the knowledge actually produced (i.e. in the short-
and medium-term) must be compromized by the difficulty of creat-
ing anything apart from a plethora of constricted, and perhaps in-
commensurable, consensus(es). And there is a further complica-
tion: it is now routine to regard the corpus of scientific knowledge
as provisional, reflecting the prevailing pattern of specialist
consensus(es) which are subject to rapid change and radical
reconfiguration. To the extent that these consensus(es) are provi-
sional, their reliability is reduced — but to what extent and in what
ways cannot always be established. It would be wrong to push the
argument too far by inferring that the increasing specialization of
science is producing increasingly unreliable knowledge; the provi-
sional nature of science from which the volatility (and, arguably,
unreliability) of scientific consensus(es) is derived, is a reflection
of its dynamism which, in turn, reflects science’s more sophisti-
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cated understanding of the natural and social worlds — which is
itself a form of enhanced reliability. However, there must be some
relationship between the breadth of the consensus and the degree
of reliability that can be claimed, although discipline-bound research
is not inherently more reliable. A limited consensus within a par-
ticular specialism involving a single peer group may be very similar
to a limited consensus in a cross-disciplinary field involving differ-
ent peer groups, in terms of the reliability of the knowledge it pro-
duces. In both cases, the consensibility criterion applies: research
outputs must be sufficiently comprehensible to be tested. But the
locus of consensuality will be different because the composition of
the relevant ‘experts’ is different. In both cases, a limited consen-
sus is achieved — arguably to the detriment of the reliability of the
knowledge produced.

In brief, science produces reliable knowledge because, if the
rules which guide research practice are followed, a limited and pro-
visional consensus is produced. But not everyone is equal. It is
only important that such a consensus is established among the mem-
bers of a tight-knit community of other specialists, within a par-
ticular peer group. They alone, it is argued, are in a position to
judge their peers and to uphold the standards leading to good sci-
ence. In the context of the development of Mode 2 knowledge
production, with its shift from a discipline to a problem focus, a
key question therefore arises. In this new environment character-
ized by more intense interaction within a much wider community
of other practitioners and embracing other disciplines, or stretch-
ing across the boundaries of academia and industry, or embracing
even more heterogeneous ‘stakeholders’ — is it still possible to
produce reliable knowledge? To argue that, in principle, additional
criteria have to be considered in addition to traditional scientific
excellence — even if it continues to be a predominant element in
the quality-control system — is easy enough; the tensions, dilem-
mas and even contradictions that actually arise in scientific practice
are more difficult to dismiss. So it is essential to consider how a
shift to Mode 2 knowledge production, to greater emphasis on
problem-relevance and on the specific contexts of application in
which this relevance arises, affects the formation of consensibility
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and consensuality.

Consider the case of university-industry relations. Amongst
scientists, the argument is that the closer the interaction between
academia and industry, the more difficult it becomes to sustain the
traditional academic ethos — and, in particular, the commitment to
disinterestedness which marks the frontier between academic sci-
ence and industry. Mode 2 knowledge production, with its empha-
sis on problem-solving in the context of application, tends to erode
the independence of academic researchers and, consequently, weak-
ens their defences against external influences. These influences are
not hypothetical. The frontier land between academia and industry
is rapidly becoming populated by semi-autonomous research enti-
ties that earn their living by undertaking specific projects. These
projects are supported by a variety of funding bodies, including
private-sector firms and government departments. Some of these
bodies make elaborate efforts to foster originality and integrity;
after all, it is hardly in their interest to commission second-rate
research. But inevitably, there is a general tendency, and often ex-
plicit instructions, to favour projects with apparently better pros-
pects of ‘wealth creation’, or with practical, medical, environmen-
tal or social applications. Mode 2 research, however remote from
actual application, is characterized by its potential for use, and crit-
ics of Mode 2 research are unequivocal in their view that whatever
may be the benefits of this way of organizing inquiry, it is clearly an
activity where socio-economic power has the final authority.

But, does this applications orientation and engagement with
‘extra-scientific’ forces fatally undermine Mode 2’s capacity to pro-
duce reliable knowledge? Certainly, secrecy and short-termism are
counterproductive. If sustained over a long period, they would se-
riously weaken reliability. But how precisely does this broader con-
figuration of researchers — coming from universities and industry,
government laboratories or even the semi-autonomous research
entities referred to above, who have been orchestrated or ‘self or-
ganized’ to search for solutions to a common problem — under-
mine consensibility and consensuality? Consensibility, as has already
been explained, requires the transmission of clear messages about
the research questions to be addressed, the techniques employed
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and results obtained. It is not clear why research carried out in a
problem context should weaken consensibility within the problem-
solving group. In feet, if clear communications are not maintained
within the research group, less satisfactory solutions to problems
are likely to be produced. Consensibility, although it may be more
difficult to sustain under Mode 2 conditions, is equally — or per-
haps even more — crucial. It can even be argued that, because
communication within a Mode 2 research group cannot be taken
for granted (which, sometimes mistakenly, might be the case in a
tight-knit Mode 1 group), greater emphasis will be placed on the
need to transmit messages more clearly.

In a similar way, consensuality would still operate under Mode
2 conditions even if a more diverse set of people with different
scientific backgrounds and training, and probably with different
attitudes and outlooks regarding the potential of future use, has to
be engaged. It is not clear why the importance of consensuality
should be less within such a diverse group, despite the (apparently)
greater difficulties in communicating and reaching a consensus. Peter
Galison has described the emergence of so-called ‘trading zones’
characterized by ingenious processes of negotiation between the
different parties. For example, they devise ‘pidgin’ languages which
bridge disciplinary gaps, and allow everyone to understand and be
understood by the others. The members of such groups have very
clear and nuanced strategies of mutual exchange at work because,
in their pursuit of acommon objective, they depend on the knowl-
edge, skills and know-how of others which they would be unable
to obtain otherwise2 But there is no suggestion that consensuality,
like consensibility, cannot be practised in such a context.

Even if there are no principled reasons why consensuality and
consensibility cannot be maintained under Mode 2 conditions, clearly
it would be misleading to suggest that nothing has changed. Some-
thing must be different, even if the outcome can still be called reli-
able knowledge. The question must be asked: does Mode 2 pro-
duce adifferent kind of reliability and, if so, in what sense? Reliable

2. P. Galison, Image and logic (University of Chicago Press, Chicago,
1997).
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knowledge, as traditionally defined, presumes that consensibility
and consensuality operate mainly within a disciplinary context, even
if disciplines are constantly forming and reforming. The relevant
community is easily recognizable, their knowledge is specialized
and peers are known to each other. The reliability of such knowl-
edge is rooted in its relevance to these disciplinary or subdisciplinary
structures — it is inner-directed. In contrast, reliable knowledge
produced by a wider network of collaborators working under Mode
2 conditions is reliable in terms of a wider consensuality — it is
outer-directed. It is reliable in terms of the problem relevance of
the context in which it arose and which continues to influence it.
Of course, these two kinds of reliability are not separated from
each other in watertight epistemological or practical compartments.
There are visible and invisible, formal and informal, cross-currents
and systems of exchange between them. To occupy one, the many
‘trading zones’ in which inter- (or trans- or even intra-) discipli-
nary knowledge is created does not require the abandonment of
one’s disciplinary ‘home’, or the loss of one’s primary identifica-
tion as an academic or industrial scientist. In some respects, it may
even strengthen disciplinary and professional identities. In other
respects, subtle accommodation processes may be at work, creat-
ing multiple and modified identities which are different. The expe-
rience of life in a ‘trading zone’ may be not unlike that of the emi-
grant. Although some trading-zoners will return to their old disci-
plinary ‘countries’— and maybe return again, perhaps frequently
— old loyalties are fiercely maintained while new identities are
created, producing new hybrid researchers.

Reliable knowledge, therefore, has always been reliable within
bounds. In its conventional (and constricted) and refined (or ‘pure’)
sense, these bounds embrace a relatively small number of peers.
They police the bounds of reliable knowledge, ideally through dis-
ciplinary cohesion, in order to limit as far as possible the contami-
nation likely to be produced if the surrounding social context is
allowed to enter the realm of knowledge. The ethos of academic
science, and its social practices, were designed to achieve this con-
tainment. But it is difficult to see how this containment strategy
can remain valid — except in the exceptional context of the need
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to preserve scientific ‘enclaves’ — when science becomes
contextualized. In this new environment, the boundaries within
which reliable knowledge is contained have been dramatically ex-
tended, even abolished. Reliable knowledge, as validated in its dis-
ciplinary context, is no longer self-sufficient. Instead, it is endlessly
challenged, and often fiercely contested, by a much larger potential
community, which insists that its claims to be heard are as valid as
those of more circumscribed scientific communities, and demands
that its preferences too are taken into account. Of course, reliable
knowledge in terms of its disciplinary relevance and validity, like
objective knowledge, is not simply to be discarded or ignored; they
both continue to piuvide the foundations on which our knowledge
of the natural world depends. But neither is any longer sufficient in
itself.

Where does this argument lead? Contextualized science pro-
duces socially-robust knowledge, that is, knowledge which is valid
outside the sterile spaces of the laboratory. Further, there is no
inherent reason why such knowledge should not be as reliable as
that produced in Mode 1 Indeed, it may be more reliable because
of the need, in the context of application, to ensure that consensibilty
and consensuality be transparent.

THE EMERGENCE OF A CONTEMPORARY AGORA

In our description of Mode 2 society, we emphasized the sprawl-
ing, fragmented, unruly and transgressive evolution of societal
changes. These changes are framed within what has become by
now the standard political model, even if still confined to one part
of the world — Western liberal democracies. Therefore, before
proceeding with the argument, it might be useful briefly to re-ex-
amine the relationship between science and democracy and the sig-
nificance of the emergence of a special public space — which we
will call the modern agora — for the wider relationship between
science and society. It is important to emphasize, contra Merton,
that science does not necessarily depend on democracy. In its be-
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ginning, modern science owed nothing to democracy. Its sources
were in aristocratic patronage in the Italian city states in the 16th
and 17th centuries, and in the tolerance and curiosity shown by
enlightened monarchs in the 17th and 18th centuries. Although rela-
tive religious freedom encouraged the development of science and,
later, the growth of a powerful bourgeoisie was an important source
of support, science flourished before democracy.

However, in early modernity, science, like other social institu-
tions, benefited greatly from the emergence of a public space, nei-
ther directly controlled by the political ruler and/or organized reli-
gion, nor relegated to the private sphere. The effective functioning
of science depended upon its espousing the principle of meritoc-
racy, but not of democracy. Even today, although public demands
for some form of democratic participation in shaping science are
powerfully articulated, there remains an inherent contradiction be-
tween science and democracy. Democracy works by seeking to
resolve conflicts through compromise and negotiation between di-
vergent and conflicting interests — either by direct voting or indi-
rectly by defusing them through other arrangements; science works
by very different rules in which majority voting and contingent com-
promise have no part.

The public space that emerged in early modernity has devel-
oped into what we now call the contemporary agora where politi-
cal and market exchanges of all kinds take place. The enlargement
of this public space encouraged the growth of a ‘public’ science.
As aresult of the rise of the nation-state which emphasized cultural
homogeneity, science with its universalistic aspirations became an
important vehicle not only for national aggrandisement and pres-
tige, but also for the development of an educational system based
on an enlightened and scientific world-view. Later, this same pub-
lic space became the privileged arena in which science was able to
build its alliances with the state and industry. At the same time,
because of the expansion of Europe and the emergence of Western
hegemony, science became the standard-bearer of enlightenment,
modernization and rationality which spread around the globe. More
recently, the market has come to dominate the agora. This devel-
opment of aglobalizing economy has made science an even more
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attractive partner. However, this public space is not only expand-
ing ‘externally’, in economic and geographical terms, as a result of
market globalization and the spread of new information and com-
munication technologies; it is also expanding ‘internally’ by ab-
sorbing segments from what was previously either the private sphere
or under the jurisdiction of religion (which itself has become priva-
tized — at least in the West). So, for science there has been a sub-
stantial increase in the density of regulations — for example, ethi-
cal guidelines or intellectual property rights — which indirectly but
powerfully demonstrate its domination of the agora.

The dominant place of science in the agora and its multiply-
ing interlinkages with the social world are the result of contextua-
lization of science — which is itself the result of science’s increas-
ing engagement with different and diverse social objectives; of the
multiplication of sites where knowledge is produced and used; and
of science’s many other links to changes in the construction of so-
cial ‘reality’. Because contextualization is areflexive process, it is
difficult — and perhaps unnecessary — to try to determine whether
(and, if so, to what extent) science has opportunistically adapted to
new demands, or whether, and to what extent, science has been
instrumentalized by the forces of the economy. A more important
question is how permeable scientific activities have become as a
result of this reflexive contextualization, or how resistant the hard
epistemological core of science remains. Japan may offer an illumi-
nating example. When in the last quarter of the 19th century Japan
opened itself to westernization, it took over many of the practices,
methods, and concepts of science as it was understood in the West.
However, Japan did not adopt the metaphysical assumptions on
which science is based in the West. In other words, an instrumen-
tal-utilitarian transfer is possible, apparently without great loss3.

What science and scientists are now faced with is an agora
with multiple publics and institutions, like the media, who vigor-
ously lead their own lives and conduct their own negotiations in
the agora. They are faced with acomplex bureaucratic and admin-

3. S. Fuller, Science: concepts in social sciences (pp. 132-34, Open Uni-
versity Press, Buckingham, 1997).



istrative web of funding-agencies which make up their own policy
goals, guidelines, assessment procedures and allocation mechanisms,
in a science policy landscape that seeks to accommodate an in-
crease in private financing, while becoming much more discrimi-
nating and demanding in public funding. Researchers have had to
develop a new range of skills in communicating with their potential
funders, in writing grant proposals, and in plausibly promising out-
comes which they cannot specify in advance. They face an indus-
try-business landscape which itself is undergoing major restructur-
ing. The former state industries, which had been the most reliable
and familiar partners, are themselves under attack for lagging be-
hind in innovation and for lack of efficiency. The much-vaunted
small and medium-sized enterprises lack sufficient human, infrastruc-
tural and financial resources to be attractive partners for university
research, but that too is changing rapidly. Moreover, there are big
differences between research fields, with biomedical sciences lead-
ing in the privatization of research, while other fields are still strug-
gling to find their niche in an altered science policy (and funding)
landscape.

Undoubtedly, the greatest challenge for science and scientists
in the contemporary agora does not come directly from markets
and their extending demands, nor from a restructured industry which
seeks to decrease its traditional in-house research. Nor does itcome
from the state’s shifting funding patterns and the resulting changes
in the entanglement of different science policy alliances and their
criteria. While making new demands on the ingenuity of research-
ers, they will be able to accommodate these changes, especially
since the overall funding level for research is not falling. The main
challenge in the agora comes at a deeper level. It arises from
contextualization itself, which has so greatly enhanced the success
of science, opening up new research fronts, expanding research
horizons, and establishing new and apparently-flourishing research
fields. But, contextualization comes with a price attached: the con-
text talks back. This is what science and scientists hitherto have
not been accustomed to, and it may not be surprising that they see
it as, first and foremost, a threat to their cognitive and social au-
thority. Mounting their defences, it is all too easy to blame it on the
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rise of anti-science sentiments, on the subversive influence of so-
cial scientists and other ‘relativists’, or simply on the irrationalism
which has survived under the aegis of rationality and scientification.
Probably, no amount of empirical evidence to the contrary — like
the consistent findings of public opinion polls or survey data, which
show that the overall trust in science is no worse than the decrease
in legitimacy of other public institutions, or that science is still highly
regarded in its overall problem-solving capacity — can convince
the scientific sceptics in the agora. But to try to salvage an out-
dated image of science, one that no longer does justice to the new
realities of the agora and the demands articulated there towards
science, is likely to be a self-defeating strategy.

By taking a ‘context which talks back’ seriously, scientists
can discover the extent to which the contextualization of their re-
search activities has worked. They may entertain the extent to which
the hypothesis whether, and if so in what ways, the subjective ex-
perience of people has been affected, or what other, more long-
term or large-scale societal changes are likely to be brought about
by their research activities. While most researchers, through the
peer-reviewed publication system, have a pretty good idea about
the impact that their work has had on their immediate colleagues,
and many are also keen to know and see whether their research
extends to other specialties and disciplines, few scientists have any
real incentives to ponder about its effects on the social context.
While those researchers who are closely collaborating with indus-
try have learned perfectly well how industrial management reacts
and acts, and can interpret or even anticipate industry’s attitudes
and decisions to their research and its future, no such intimate learn-
ing experiences exist with regard to the wider public. And, yet, this
is also what the agora is all about.

The agora in its contemporary form, therefore, embraces more
than the commercial market and more than politics. As a public
space, it offers space for exchanges of all kinds, for the articulation
of wishes, desires and preferences as much as for demands. It is
also a space in which certain forms of contestation are legitimate,
at least within the bounds and rules of Western liberal democracies.
While the agora should also be thought of as a structured space, it
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would be wrong to attempt to subdivide it again into sectors like
markets, politics or the media. As befits a Mode 2 society, these
forms of differentiation are partly breaking down, replaced by fluid
and dynamic interlinkages that spread throughout it. As a public
space, it has structured itself through the interaction of the agents
who are actively engaged in it. This is what is meant by a process
of structuration. While some actors are more visible, more easy to
identify and recognize and certainly more powerful than others, it
is also a space in which different perspectives are brought together,
ultimately creating different visions, values and options. In this sense,
context also contains contingency, but there is no contingency in
this public arena that operates without some kinds of constraints.
The procedures of democratic debate, contestation, forms of pro-
test and of negotiation, constitute one set of constraints. The eco-
nomic constraints under which markets operate, especially on the
global level, are another set. Governmental policies, laws and regu-
lations, far from being completely subservient to business and mar-
ket interests, can also be regarded as constraints. The media and
their influence on public opinion operate as constraints again, but
of a different kind. But such distinctions merely reflect our inability
to conceive of interlocking contingencies and constraints that arise
in different parts of the agora, with heterogeneous, but partly over-
lapping actors, and what outcomes they are likely to produce. The
grounds of the agora keep shifting continuously, as do the inter-
connections.

CONCLUSIONS

Thus far, we have described some of the features of a Mode 2
society and have sugge”ed that there exists a process of coevolution
between Mode 2 society and its dominant mode of knowledge pro-
duction — Mode 2 science. We have illustrated this coevolutionary
process in the case of the changing relationships between universi-
ties and industry. More generally, however, society and its mode of
knowledge production are evolving together. The two are con-
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nected by contextualzation, the process whereby social anticipations,
perspectives and beliefs are brought into the research process and
affect the agenda — that is, what it is thought worthwhile doing,
how, and by whom. Most recently, such social anticipations and
perspectives have been mediated largely through national research
programmes. This form of mediation produces only weakly
contextualized knowledge because it still requires a response from
the research community to the objectives as formulated if resources
are to be liberated and, in the absence of dialogue over aims and
objectives, may leave the intellectual structure of inquiry unchanged.
Such responses require a great deal of interpretation by research-
ers before their work, structured by the canons of disciplinary rel-
evance, can be adapted to programmes set by other criteria. Yet,
even here, some contextualization, however ‘weak’, must be tak-
ing place.

Yet, government research programmes do not capture the
process of coevolution which we have adumbrated. There is little
in the way of mutual articulation of aresearch agenda in a problem
context. For the most part, the dialogue takes place between the
major institutional blocs — the state, industry, science — and is
carried out by their representatives: MPs and civil servants, indus-
trial R&D managers, and senior university scientists working with
research council committees, etc., on the demand/social side, and
universities, research councils, and other public R&D institutions
on the supply/knowledge side. There is little in the way of mutual
development of a research agenda or co-operation in the joint pro-
duction of knowledge. Mode 2 knowledge production is not about
establishing programmes that bring together a range of disciplines
to bear on a problem; it is about developing a research agenda
relevant to a problem context, using whatever configuration of
expertise seems relevant to those involved in the process where the
agenda is developed and executed by the actors themselves.
Contextualization describes how science and society interact in this
latter process. The sites where this process takes place have been
characterized as a contemporary agora.

A key characteristic of Mode 2 society is the way it is able to
generate ‘transaction spaces’ in which different perspectives and
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interest can become aligned in the genesis of a research project.
The cognitive landscape of Mode 2 science is filled with such trans-
action spaces, which in a Mode 2 society can replace the more
formal, institution-based peer-review groups in terms of deciding
what research will be done and by whom. A transaction space is
more than a peer-review group; it is also a vehicle for prosecuting
the joint production of knowledge. It is not about vetting other
people’s proposals, it is about developing a research and imple-
mentation strategy — including funding possibilities — of its own.
In a Mode 2 society, transaction spaces replace, to some extent,
the cross-institutional committees where bargaining of various sorts
used to take place by representatives with the power to release
institutional funds.

Because of the way in which Mods 2 society and Mode 2
knowledge production operate, the ou some is socially-robust
knowledge. It is the form of knowledge appropriate to a Mode 2
society in that it addresses a concrete problem using the appropri-
ate configuration of intellectual and other resources. Because it
has involved a participative process, itis less likely to be contested.
We could, therefore, go on to say that, whereas Mode 1 knowl-
edge production emerged as the primary form during an institu-
tional regime characterized by strong institutional boundaries and
managerialism within, Mode 2 knowledge production emerges in
the context of the more fluid institutional structures that we have
identified with our Mode 2 society.

The transition from Mode 1knowledge production to Mode
2 knowledge production requires that universities and university
science move from the relative isolation of the ivory tower into the
complex world of the agora: a new type of public space in which
many issues are settled — political, economic, social. Of course,
many businesses are active in the agora, but it would be inaccurate
to regard the agora simply as a marketplace, as is sometimes done.
It is the public place — filled with different anticipations, per-
spectives, and interests — where issues are discussed, priorities
settled, and programmes executed. It is into this arena that the
scientists of the universities must venture, if universities are to play
their part in the production of socially-robust knowledge. In enter-
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ing the agora, science will, in fact, be moving beyond the market.

It is because it is necessary to communicate the significance
of what is taking place on the many interfaces between science and
society, that a rethinking of science has now become necessary. In
an older configuration, the relevant elements were basic research,
disciplinary contributions, reliable knowledge, and a cultivated dis-
tance from immediate involvement in society’s problems. This im-
age is a dead duck and will be strongly contested in any Mode 2
society. By contrast, in the new configuration, the relevant ele-
ments are research in the context of application, transdisciplinary
contributions, socially-robust knowledge, and multiple lines of par-
ticipation by a wide range of experts in the agora.

And so, we come to the next phase of the research revolution:
the third academic revolution. It is that aspect of the research revolu-
tion in which the universities strive to work out new ways — mis-
sion statements, modes of governance, career structures, funding
possibilities, etc. — to allow them to participate fully in developing
a new mode of knowledge production for a new type of society.
Participation in the new mode holds out perhaps the only prospect
the universities have to re-establish themselves as key players in
their social context — a development that could be threatened by a
stubborn commitment to maintaining the disciplinary structure of
science. Universities need to change and, indeed, they are chang-
ing. As was demonstrated in the second lecture, they have already
atransforming role in economic development. To date, universities
have accomplished a great deal in commercializing the results of
their research. At the very least, they have shown that they can
move their knowledge — their science — into the market. The
deeper challenge, however, is for them to become the vehicles for
taking their science beyond the market, and in so doing, redefining
what it means to do academic science. To succeed, they must take
a leadership position in the contextualization process. But, as we
have seen, to do this they must take stock of what kind of knowl-
edge is required, and how they intend to contribute towards help-
ing to produce it. Universities must enter the agora with the same
vigour with which they once embraced government, and put their
resources — intellectual and financial — to the task of generating
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the structures that will support new kinds of science and new kinds
of scientists.

To conclude, it is important to highlight just how far we must
move in rethinking science, and how little it is possible to do so by
simply tinkering with the arrangements between the state, the mar-
ket and the universities. So far at least, the emergence of contex-
tualized knowledge in the agora seems to be a largely self-organis-
ing affair. Though governments continue to be involved in the agora,
research does emerge from the bureaucratic planning processes that
are, by now, so familiar. Because it is largely self-organizing, uni-
versities need to decide for themselves what they are to make of
themselves. There is no blueprint to follow. Burton Clark, the dis-
tinguished American sociologist, has referred to this imperative in
terms of the emergence of the entrepreneurial university. But, it is
not the familiar individual entrepreneurship so prevalent in the
management literature that he is advocating, but the collective en-
trepreneurship of the collegium. There is no pre-existing blueprint
readily available, and, in its absence, collective entrepreneurship
would seem to be a necessary basis for developing survival strate-
gies.

The situation facing science in general and the universities in
particular has been very well described by the philosopher Otto
Neurath. Neurath repeatedly used the metaphor of scientists hav-
ing to rebuild their ship while on high seas. This metaphor has gen-
erally been interpreted as referring only to the cognitive content of
science. The new planks needed to replace the old and decaying
wood were to be taken from other parts of the ship, while ingen-
ious bricolage and engineering helped to keep it not only afloat but
also ploughing through the waves. However, in the light of Neurath’s
lifelong passionate interest in how science could reach out to a
wider public, he would probably have accepted a much wider in-
terpretation of his metaphor. This metaphor — of scientists re-
building the ship of knowledge while it forges ahead — can also be
used to describe the more heterogeneous (and also more ambigu-
ous) constitution of reliable knowledge now needed to keep the
ship of science afloat amid the turbulent waters of contemporary
society. To suggest that reliable knowledge must engage the social
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world more openly and directly, is not to seek to diminish but to
enhance the status and validity of science, by arguing that reliable

knowledge — to remain reliable — also has to be socially-robust
knowledge.
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