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Prologue

This study co-ordinated by Dr. Stirling shows how greatly our thinking has changed on
issues of the management of risks.  The use of sophisticated scientific methods in the
assessment and then management of risks began with the problems of major industrial
hazards, notably those of nuclear power.  At first it was believed that quantitative
techniques, either of statistics or of modeling, would suffice for the guidance of risk
policy and risk management.  But as experience accumulated, it became clear that while
science is an essential core of the assessment process, it could not be the whole.  The
supplementary materials have a variety of names, including ’participation’ and
’precaution’; and their practical content is still being developed.

Now the hazards we face are more diffuse, and in their own way more threatening.  There
are concerned publics, capable of acting in a co-ordinated way and directly affecting
government policies for the environment and whole industries.  We may say that in such
issues, facts are uncertain, values in dispute, stakes high and decisions urgent.  The
traditional peer communities, formerly restricted to qualified experts, are now extended
to include citizen participants at many levels.

The management of these new processes present many difficulties.  It is to the credit of
Dr. Stirling and his colleagues that the problems are analysed to such depth, and that such
important and useful practical lessons are drawn.  This report can become a valuable
contribution to the resolution of an urgent problem.

Silvio Funtowicz Vera Calenbuhr

JRC-ISIS, Ispra JRC-IPTS, Sevilla

November 1999
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EXECUTIVE SUMMARY

Debate over the relative merits of ‘scientific’ and ‘precautionary’ approaches to the management of technological
risk can all-too-easily fall into a ‘dichotomy trap’, in which productive and creative ‘solution-oriented’ thinking is
hampered by unnecessarily rigid contrasts - with all their associated conflicts. It is true that neither an ‘anything
goes’ (totally permissive) approach, nor a ‘stop everything’ (totally restrictive) approach to the regulation of
technology offers a valid, feasible or desirable way forward. Fortunately, however, neither the ‘narrow risk-based’
nor the ‘precautionary’ approaches map satisfactorily onto this artificial and sterile dichotomy. To varying extents,
existing regulation includes a range of effective checks and balances. It does not necessarily provide for the approval
of any technology which may be developed. Likewise, even the most progressive statutory formulations of a
Precautionary Principle are circumscribed in their scope and admit a series of incremental instruments. Adoption of
a  precautionary approach therefore does not mean that no new technological innovation can ever be deployed. Both
‘precautionary’ and ‘scientific’ approaches can be caricatured by stigmatising them in this polarised way. Likewise,
both forms of rhetoric are equally vulnerable to manipulation (or even capture) by various parties in order to achieve
political or commercial objectives.

Rather than seeing ‘precaution’ as being in tension with ‘science based regulation’, research conducted under this
project suggests that key elements of a precautionary approach are entirely consistent with sound scientific practice
in responding to intractable problems in risk assessment such as ‘ignorance’ (“we don’t know what we don’t know”)
and ‘incommensurability’ (“we have to compare apples and pears”). These intractable problems are well-founded in
the fundamental theoretical framework of the sciences underlying risk assessment. With the different assumptions
adopted in different risk assessment studies often yielding results that vary by several orders of magnitude, the
practical policy implications are equally profound. The acknowledgement of such difficulties under a precautionary
approach may thus be seen as a more scientifically rigorous way of carrying forward the regulation of technological
risk than would be their denial under a purely ‘risk-based’ approach. Recognising the unproductive nature of the
science / precaution dichotomy, then, attention can turn to the details of the measured and incremental application of
an approach which is both ‘scientific’ and ‘precautionary’ in nature. Here, the Report draws a series of detailed
conclusions which fall broadly into three groups.

First, “science should be on tap, not on top”. There can be no simple analytical, instrumental or institutional ‘fixes’
for the complexities encountered in the management of technological risks. Policy making must obviously be based
on the available scientific information, but science on its own is not enough. It is documented in this project how
scientific risk analysis is unavoidably and inextricably intertwined with subjective framing assumptions, values,
trade-offs and expectations of surprise. The appraisal of technological risks should therefore be conducted in an
open and pluralistic fashion, allowing for critical discourse as an essential part not only of the regulatory process,
but of the appraisal of the technological options themselves. Only in this way can the framing assumptions adopted
in risk assessment and the treatment of associated uncertainties and trade-offs be tested and validated against the
wider socio-political realities. Here, the developing practice of constructive technology assessment holds a number
of useful lessons for the integrating technical and socio-economic factors in the management of risk, as do
techniques for accounting for the qualitative strategic properties of different technological options, such as their
flexibility, resilience and diversity.

Second, there is a need for flexibility and learning in regulation itself. The management of technological risk is
necessarily an incremental and context-specific undertaking. Different technological risks will warrant greater or
lesser degrees of precaution at different times and different regulatory instruments will be appropriate in different
contexts. Each will hold its own implications for practice, such as conventions over the burden of proof. Attention
should be given to the distinguishing of the different crucial (often qualitative) characteristics displayed by different
types of risk. This project has gone some way towards mapping some of the key dimensions and the measures which
are more or less applicable in different contexts. In addition to the merit of flexibility, a differentiated and
incremental approach also offers a way to provide for the open-ended social learning which is an essential quality in
the successful management of risk. In addition, systematic attention also needs to be given to institutional and
procedural arrangements for ‘early listening’ and ‘technology watch’ .

Third (and as a matter of method rather than process), it is important that we “don’t throw the baby out with the
bathwater”. There are a variety of very practical and robust (often quantitative)  methods which are entirely
consistent with the established procedures of risk assessment and which can be applied under a broader and more
pluralistic precautionary approach, taking account of a variety of contending options and their associated benefits as
well as their risks. The potential and constraints of these approaches are also examined in this project, including
‘decision’, ’value tree’, ‘multi-criteria’, ‘scenario’ and ‘sensitivity’ analysis. Likewise, a series of specific discursive
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techniques are also available in this regard as a qualitative complement to the established quantitative procedures of
risk assessment, including consensus conferences, planning cells, citizen’s juries, focus groups and deliberative
polls. There is no shortage of practical operational tools for transcending the circumscribed domain of narrow-risk-
based regulation and allowing the implementation of an approach to the management of technological risk which is
at the same time ‘scientific’ and ‘precautionary’. The Report closes with a review of some 26 quality criteria.

ACKNOWLEDGEMENTS

This synthesis report draws entirely in the first instance on the work of the five participating researchers (Dr
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PREFACE

The aim of the present research project was to examine, in an open-minded and interdisciplinary fashion, some of
the key conceptual issues arising in the application of ‘science’ and ‘precaution’ to the management of technological
risk and to draw some practical conclusions for policy making. The key guidelines for the work as set out in the
Implementation Plan for the project were as follows:

i) a focus on the operationalisation for policy making of the concepts of ‘science based regulation’ and
‘the precautionary principle’;

ii) an emphasis on innovative and substantive conceptual work rather than descriptive reviews of the
status quo;

iii) the illustration of the work with empirical material concerning genetically modified crops, energy
technologies and some reference (if appropriate) to chemicals regulation.

Rather than being approached on a sector-by-sector or country-by-country basis, the project was framed explicitly
around the exploration of the implications for the chosen  topic of understandings developed in four distinctive fields
of research, with the aim of constructing a novel interdisciplinary synthesis. The specific selected fields of research
and the associated project researchers were as follows:

a) formal decision analysis and economics (Ahti Salo);

b) institutional and regulatory policy analysis (Andreas Klinke and Ortwin Renn);

c) science and technology studies and constructive technology assessment (Arie Rip);

d) risk assessment and environmental appraisal (Andrew Stirling).

The present Report constitutes a summary and synthesis of the detailed ‘Field Studies’ conducted by these authors in
each of these fields. For the sake of brevity, many points of empirical illustration are omitted from this Report and
may be found in the Field Studies and in a Background Report on genetic modification by Renn and Klinke.
Likewise, more detailed documentation of the sources is provided in the Field Studies. For convenience, however,
the references from all four studies are collected together in the bibliography of this Synthesis Report. A glossary of
terms used is also provided at the end of this Report.

It is not possible in a limited project of this sort (amounting to a total of 90 person days among five researchers in
four institutes) comprehensively to cover all the pertinent issues, still less to satisfy all perspectives. However,  as a
complement to the extensive and detailed discussions underway within individual sectors and disciplines it is hoped
that the present project  may be seen as a useful contribution to the development of practical ways of managing
technological risk in a fashion which is at the same time both scientific and precautionary.



4

1:  INTRODUCTION

The New Politics of Risk

According to an influential body of thought in the social sciences, modern industrial civilisation at the end of the
Twentieth Century has seen the advent of the ‘Risk Society’. Under this view, the abstract concept of risk has
become a dominant ordering principle, helping to structure and condition social and institutional relations and, to
some extent, replacing monetary wealth and cultural privilege as the focus of distributional tensions and political
conflict. Divergent values and interests together with issues of trust, rights and legitimacy in the regulation of risk
are beginning to assume at least as much importance as the more traditional scientific and technical connotations.

Despite the theoretical complexities, the practical implications are almost too obvious to spell out: climate change,
the ozone hole, urban smog, nuclear waste, pesticides, hormone disrupting chemicals, BSE, Brent Spar, genetically
modified food. A host of intractable risks clamour for attention, threading their way in and out of the headlines at a
frenetic pace. The issues quickly become polarised. Throughout the industrialised world, public confidence in the
competence and intentions of those formally charged with the governance of risk is at a low ebb. Reassurances on
the part of government or industry are increasingly coming to be seen as little more than cynical exercises in
financial or political damage limitation. There is a danger that public anxieties over each successive ‘revelation’ of
technology-induced threat will compound into a corrosive general attitude of fatalism, disillusion  and distrust.

Amidst the social, political and economic tensions, the physical parameters of risk management are truly impressive
in their own right. Even if attention is restricted to the energy, chemicals and bio-technologies which form the focus
of the present report, the scale of the challenge is formidable. Unless radical reductions are effected in the world-
wide dependency on fossil fuels over the next few decades, it is a matter of scientific consensus that we face the
potential for changes in global climate of a magnitude not experienced since the end of Ice Age. Yet a wholesale
shift to nuclear power would raise daunting challenges of its own, for instance compounding the need for effective
management of highly radio-toxic materials for unprecedented spans of time. In the field of chemicals regulation
and licensing, the institutions of risk management are faced with some 10 – 15 million substances in commercial
use, of which between 50,000 and 100,000 are variously recognised to be of regulatory interest. Testing procedures
which are acknowledged to be costly, slow and incomplete are proving inadequate in the face of the hundreds of
new chemicals annually entering world markets. And, most recently, the introduction of technologies for the genetic
modification of agricultural crops has seen the advent (or intensification) of a variety of concerns ranging from
possibilities of irreversible transformations in the genetic composition of established crops, wild plants or microbial
life, to the potential fostering of pest resistance, dependence on herbicides, antibiotic resistance and even the
creation of  new food allergies nutritional effects or toxic reactions. The novelty of the technologies and the diffuse,
diverse and dynamic contexts for their application render such concerns extremely difficult to verify or falsify in
advance of their manifestation.

With mounting institutional and economic commitments to global technological infrastructures in all these areas, the
stakes are high and growing ever higher. Innovation proceeds at an unremitting pace. Once a particular industrial
strategy or technological path has been chosen, a host of self-reinforcing mechanisms come into play. The enormous
investments of human resources, financial capital and institutional reputation can render technological trajectories –
once taken – effectively irreversible. The world-wide experience of nuclear power illustrates the enormous costs to
all concerned of (depending on your view) over-ambitious expectations, belated critical questioning or a premature
‘loss of nerve’ on the part of society as a whole. On the other hand, a failure to seize the initiative and harness the
positive creative potential of science and technology can lead to foregone opportunities, economic stagnation and
even defeat in the face of the many challenging problems of the modern world.

The question is: what road to take? Whether they result from technological hubris or a post-modern crisis of
confidence, mistakes in either direction can be effectively irreversible and extremely costly. There is agreement on
all sides of the debate that the more profound and pervasive long term dimensions of technological risk cannot be
left to ‘the  market’ alone to resolve. Private enterprise, consumers  and public interest groups alike seek
consistency, clarity and decisiveness on the part of government (and, increasingly, inter-governmental) regulatory
institutions. But how are such qualities to be achieved amidst the messy and intractable complexities and
uncertainties of the emerging ‘Risk Society’?

It is against this daunting background that the current debate is played out over the respective roles of ‘precaution’
and ‘science’ in the regulation of technological risk. Through all the furore, the day to day regulation of technologies
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must labour on. The practical business of  risk assessment continues to play an essential role in appraisal and one
which is not necessarily assisted by the wider social and political overtones of the risk debate. It is the purpose of the
present project to explore some of the profound implications for the management of technological risk of contending
visions of ‘precaution’ and ‘science’.

2:  KEY CONCEPTS

the relationship between science and precaution

The aim of the research reported on here was to examine, in an open-minded and interdisciplinary fashion, some of
the key conceptual issues arising in the application of ‘science’ and ‘precaution’ to the practical management of
technological risk. As such, the discussion hinges on the relationship between these two crucial concepts.

The nature of ‘science’ has for many years been a relatively familiar and well-explored (though contested) subject. It
is the topic of an extensive literature. Particular pertinent aspects of various notions of science are returned to
repeatedly throughout this Report, with more detailed background provided in the Field Study by Rip. In short, for
the purposes of the present discussion, ‘science’ is conventionally held to imply a series of key properties, including
a systematic methodology, scepticism, transparency, quality control by peer-review, professional independence and
accountability, and an emphasis on learning. This illustrative set of idealised attributes of science is summarised in
Table 1 together with the contrary characteristics.

Table 1:  Some Idealised Attributes of Scientific Approaches to the Appraisal  of Technological Risk

ATTRIBUTE DESCRIPTION OF IDEAL OPPOSITE CHARACTERISTIC

Transparent All pertinent information and relevant argumentation published. Opaque

Systematic Systematic methodologies and repeatable results. Ad hoc

Sceptical Intellectual scepticism over knowledge claims. Credulous

Peer-reviewed Quality control by extended community of peers. Doctrinaire

Independent Independence of methods from personal or parochial interests. Partisan

Accountable Institutional procedures for ensuring professional accountability. Unaccountable

Learning Understandings open to continuous change in the face of learning. Impervious to Learning

The formal regulatory concept of ‘precaution’, on the other hand, is a more specific, less familiar and much more
recent innovation. The background and particular connotations are reviewed in some detail in the Field Study by
Stirling, with a working distinction between the ‘Precautionary Principle’, a ‘precautionary approach’ and
‘precautionary’ set out in the glossary to this Report. General notions of ‘precaution’ have arisen repeatedly in
different guises in national and international legislation since the 1972 Stockholm Environment Conference. The
concept found its first coherent formal shape in the Vorsorgeprinzip enunciated in German environmental policy in
the early 1980’s. Since then, the so-called ‘Precautionary Principle’ has been widely adopted in the regulation of
marine pollution, climate change, biodiversity loss, dangerous chemicals and the release of genetically modified
organisms. One archetypal and globally influential formulation is Principle 15 in the 1992 Rio Declaration on
Environment and Development, which holds that:

“Where there are threats of serious irreversible damage, lack of full scientific certainty shall not be
used as a reason for postponing cost-effective measures to prevent environmental degradation”.

Discussions over the practical implementation of ‘precaution’ invoke a range of subordinate principles and concepts
which are summarised in Table 2. Although disparate in their character and implications, a key common theme in
these properties of a ‘precautionary approach’ might be characterised in terms of the ‘breadth of scope’ displayed in
the various aspects of appraisal – the range of issues and types of effect taken into account, the accommodation of a
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plurality of perspectives and interests, the consideration of a variety of options, the contemplation of a disparate
array of alternative possible outcomes and contingencies and the inclusion of benefits within the scope of appraisal.

Table 2:  Key Subordinate Principles and Concepts Associated with Precautionary Approaches (after Stirling)

‘Prevention’ a duty to prevent rather than to control or treat emissions

‘Polluter Pays’ the placing of burdens on all parties responsible for, or benefiting from, damaging activities

‘No Regrets’ presume in favour of options simultaneously satisfying economic, environmental and wider criteria

‘Clean Production’ adopt only those investment or technology options which are demonstrably of lowest impact

Subordinate

Principles

‘Biocentric Ethic’ recognising the intrinsic value of non-human life

• acknowledge the limitations of science, humility about knowledge and anticipation of surprise

• recognise the vulnerability of the natural environment

• uphold the rights of those who are adversely affected by technologies

• take account of the availability of technical alternatives

Associated
Concepts

• consider the complexity of behaviour in real organisations

• pay attention to variability of local and other contextual factors

• assign equal legitimacy to different value judgements

• adopt long-term, holistic and inclusive perspectives in appraisal

As is inevitably the case with any broad principle with such wide-ranging implications in such a heavily contested
policy arena, the question of the validity and utility of the Precautionary Principle has become entangled in an
intensive and often polarised interplay of divergent socio-political interests and perspectives. This has not always
been conducive to measured, focused or constructive discussion. One of the most prominent axes for the emerging
debate over the Precautionary Principle concerns a contrast that is often drawn between ‘precaution’ on the one hand
and ‘science based regulation’ on the other. The implication of this distinction is that the adoption of a
‘precautionary’ approach might somehow  be seen a priori as being antithetical to – or at least in tension with – the
principles of scientific rigour in the regulation of risk. Under such a view, the implementation of the ‘Precautionary
Principle’ becomes essentially a politically-determined compromise on what are held to be the otherwise clear
dictates of the ‘sound science’ of risk assessment.

It is this perception which offers the starting point for the present project. For it appears at the outset that the debate
over the relative merits of science and precaution in the management of technological risk can all-too-easily fall into
what Rip describes in his Field Study (in a different context) as a ‘dichotomy trap’. While their wider connotations
and socio-political implications may well be seen to be in tension, there are strong grounds for holding that the
substantive operational content of the concepts of ‘science’ and ‘precaution’ are, in fact, entirely consistent and,
indeed, (in some senses) mutually reinforcing. At the very least, the imposition of a rigid polarised conception of the
relationship between ‘science’ and ‘precaution’ risks foreclosing creative and productive thinking.

The detailed reasons for scepticism over the polarised opposition of science and precaution form the central theme
of this Report. However, based solely on what has thus far been discussed, it seems clear that the simple dichotomy
between science and precaution is a false one. In fact, two different distinctions are conventionally rolled together in
this idea. On the one hand there is the contrast between relatively ‘scientific’ and ‘unscientific’ approaches to the
understanding of technological risk and to regulatory appraisal itself. On the other hand, there is the choice between
adopting relatively ‘broad’ or ‘narrow’ frameworks for the regulation of technologies on the basis of such
understandings and appraisals. To the extent that  it is based on the conflation of these two distinct axes, the science
/ precaution dichotomy might be seen as a straightforward category mistake.

The basic conceptual model underlying this argument is illustrated in Figure 1 below. The properties of ‘scientific’
approaches and understandings in appraisal displayed in Table 1 are represented on the vertical axis. The contrast
between ‘broad’ and ‘narrow’ frameworks for acting on scientific understandings and appraisal in the regulation of
technology is represented as the horizontal axis in Figure 1, again involving a number of attributes relating to those
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summarised in Table 2. Under this dichotomy, a ‘broad’ regime is characterised by a regulatory perspective which
takes account of a wide range of different types of impact, including qualitative as well as quantitative issues and
including indirect as well as direct effects. Likewise, a ‘broad’ framework upholds a range of different points of
view. Taken together, these features increase the number and intensity of the constraints which any technological
option must satisfy in order to be approved by the regulatory process, thus making it more difficult to pass through
the regulatory ‘filter’. In this sense, the effect may often be one of placing greater restrictions on certain new
technologies. Associated with this, there is a culture of humility about the sufficiency and accuracy of existing
knowledge which, coupled with the placing of the burden of proof on the proponent of a technology, has the effect
of further intensifying the regulatory challenge faced by new technologies. Similarly, there is an openness to
considering alternative ways in which the functions of the regulated technology might be fulfilled at lower levels of
risk and a requirement for some justification to be made in terms of the benefits associated with the introduction of
the technology in question. Finally under a ‘broad’ regime, in deciding on an appropriate balance to strike in the
regulation of technological risks, an emphasis is placed on the rights of those who stand potentially to be affected by
the technologies in question (referred to in shorthand as ‘victims’). These features may also typically be expected to
have the effect of inhibiting the regulatory approval of individual technologies.

Again, the corresponding characteristics of a ‘narrow’ regime for the regulation of technological risk are also
displayed on the horizontal axis in Figure 1. Appraisal is tightly framed and embodies only a single perspective.
There is a high degree of confidence in the sufficiency of knowledge and the proof burden lies with the sceptic. By
excluding consideration of alternatives, it is easier to portray a particular option in a positive light and so gain
regulatory approval. Likewise, there is no test of the  benefits that are claimed by proponents to be associated with
any proposed technology. The emphasis is placed on the rights of an individual industry to innovate and disseminate
those technological options which are favoured under it’s own perspective.

Figure 1: A Model of the Relationships between the Concepts of Risk, Science and Precaution
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Of course, both the ‘broad’/’narrow’ and the ‘scientific’/’unscientific’ dichotomies drawn here are highly stylised
and simplified. However, the shorthand necessarily adopted in making these dual distinctions seems justified in
highlighting the deficiencies of the even more simplistic one-dimensional distinction between ‘science’ and
‘precaution’. Taken together, the combination of these two dichotomies generates the fourfold array of permutations
displayed in Figure 1. The adoption of a ‘narrow’ regime without reference to scientific understandings or
disciplines in appraisal might be described as a ‘permissive’ position. Taken to an extreme, this would amount to an
entirely uncritical ‘anything goes’ approach to the regulation of technology of the kind associated with caricature
‘cornucopian’ visions of progress. Similarly, a broad-based regime might be similarly unscientific. The resulting
‘restrictive’ position might be associated with a caricature ‘apocalyptic’ vision of progress. In the  extreme, it would
lead to a situation of paralysis under which no new technological innovation which offends in the slightest respect
would ever be approved for deployment. The crucial point is, that neither the ‘permissive’ (cornucopian) nor the
‘restrictive’ (apocalyptic) positions as defined here would be subject to challenge or reversal by the disciplines of
scientific discourse associated with the vertical axis.

It is clear that neither the established procedures of risk regulation (based on relatively narrow risk assessment
methods) nor the emerging precautionary approach (based on broader perspectives and considerations) actually
resemble these stylised ‘permissive’ or ‘restrictive’ caricatures. Existing risk-assessment-based regulation includes a
host of effective checks and balances. It certainly does not necessarily provide for the approval of any new
technology which may be developed.  Likewise, even the most progressive formulations of a ‘Precautionary
Principle’ are circumscribed in their scope, admit an incremental series of instruments and allow for regulatory
approval under a host of favourable conditions. Both approaches are compatible – at least in principle - with the
requirements of systematic methodology, scepticism, transparency, quality control by peer-review, professional
independence, accountability, and an emphasis on learning which are held here for the purposes of discussion to be
among the key characteristics of science.

On the face of it, then, risk management regimes can be implemented in such a way as to be either relatively
‘narrow’ or ‘broad’ and yet in both instances remain consistent with the attributes of scientific understanding and
appraisal as recognised here. This leads to a problem of terminology, in that it would be inaccurate to refer only to
the pursuit of a narrowly-based regime under scientific appraisal as being somehow uniquely ‘scientific’. For this
reason, the term employed in this Report for this approach to the management of technological risk will, for the
purposes of discussion, be the ‘narrow risk-based approach’ or just ‘narrow risk’. This phrase relates to a more
detailed discussion of the formal concept of risk which is undertaken later in this Report. For the moment, however,
the reference to ‘narrowness’ is supported by the features of narrow framing, reduced perspectives and exclusion of
alternatives in appraisal.

Of course, the scheme presented here is based on a highly specific characterisation of some strongly contested
concepts. As such, it should be treated simply as a heuristic – a framework for further discussion. For its own part,
the present Report will elaborate and substantiate many of the points raised. The purpose here has not been to
exclude other understandings of the relationship between science and precaution. Indeed, it is a key theme in the
Field Study by Rip (drawing on the sociology of science) that  these underlying relationships are the very fabric of
negotiation and ‘boundary work’ of the kind which dominates wider discourses over the management of risk. Rip
makes the point, for instance, that the notion of ‘science based regulation’ has a particular meaning in the
Netherlands – referring simply to a process that begins with science. The relationship between scientific and
precautionary discourse is also explored further in the Field Study by Renn and Klinke also discussed later in this
Report. For the moment, the point is simply that there seems no reason to adopt an a priori assumption that science
and precaution are somehow opposed,  or even – since they lie on a continuum – necessarily in tension. The precise
positioning of particular ‘narrow risk’ or ‘precautionary’ practices in relation to their scientific status (or otherwise)
will depend on the precise characterisation of science. This issue will be returned to later in this Report (Section 6).

It has been the intention in this introductory section to set out the relationships between the key concepts employed
in the narrative of this Report. The issues raised here will be further substantiated and elaborated in the ensuing
discussion. Drawing on the detailed argumentation advanced in the four Field Studies, attention will now turn to a
series of ten organising themes which arise under one or more of the various disciplinary perspectives. These
provide a convenient way of combining the different disciplinary perspectives at the same time as developing a
coherent argument. For ease of exposition, the ten themes have each been associated with a traditional proverb or
saying which expresses the central idea in common sense terms. The themes are as follows:

i) the multiple dimensions of risk  (“it takes all sorts to make a world”)
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ii) narrow notions of risk in a complex world (“accurate and approximate or precise and wrong?”)

iii) the scientific limits to probability (“knowing your ignorance is the best part of knowledge”)

iv) subjectivity and interests in the framing of risk science (“science should be on tap, not on top”)

v) learning, discourse and dissent (“look before you leap” and “learn as you go”)

vi) constructive approaches to technology assessment (“a stitch in time saves nine”)

vii) the dynamics of technology (“don’t burn your bridges” or “put your eggs in one basket”)

viii) systematic procedures and quantitative methods (“don't throw out babies with bathwater”)

ix) the diversity of  technological risk (“horses for courses”)

x) incremental approaches to precaution (“walk before you run”)

Each of these themes will be taken in turn in the sections that follow.

3:  IT TAKES ALL SORTS TO MAKE A WORLD

the multiple dimensions of risk

Technological risk is not a single monolithic quantity. Even under the most reductive of analytical approaches, it is
conceded that risk is a function of two variables – the probability of an impact and it’s magnitude. However, it is
only very rarely the case that an individual technology is seen to present only one form of hazard. Normally, the
characterisation of risks associated with any individual technology requires the aggregation of a series of different
magnitudes, each corresponding with a particular form of impact. To take the example of GM crops cited in the
Field Study by Stirling – and discussed in more detail in a Background Paper by Renn and Klinke – it is clear that
the regulatory debate in this area typically encompasses a wide range of disparate issues, including the environment,
human health, agricultural practice, economics, social impacts and questions of fundamental ethics. Some of the
particular classes of effect which are variously held to be of relevance in the appraisal of the risks of GM
technologies in agriculture are set out in Table 3 below.

The conventional analytical response to this breadth and diversity of issues in risk assessment is to adopt a single
major yardstick of performance and seek to measure all the various aspects of risk using this as a metric. The chosen
unit of measurement in conventional risk assessment is almost always human mortality, although more complex
regulatory appraisals sometimes also employ a variety of measures of human morbidity effects. In some areas, the
techniques of cost-benefit analysis are employed to varying degrees in order to subject a wider range of impacts to
measurement under a common monetary metric. In this way, it is hoped that the multiplicity of magnitudes typically
confronted in technological risk may usefully be reduced to a single key factor, thus significantly simplifying the
process of appraisal.

Of course, one crucial consequence of this artificial narrowing and  conflation of the full diversity of technological
risk is effectively to exclude from consideration many classes of effect. For instance, it is clear that only a minority
of the types of impact set out in Table 3 above are meaningfully addressed by a mortality or morbidity metric.
However, the difficulty with reductions of this sort, seductive as they are, is unfortunately more serious than this.
For even with respect to the single issue of human health, the manifestations of different types of technological risk
are inherently multi-dimensional in nature. Drawing on one of the longest-established and most elaborate fields for
the comparative appraisal of technological risks – that concerned with energy technologies – the Field Study by
Stirling identifies a large number of discrete dimensions  of risk. These cross-cut the different classes of individual
effect (such as those listed – in a different context – in Table 3 above). They apply even in the case where risks  are
held to be adequately represented exclusively in terms of a single metric such as human mortality or monetary value.
These different dimensions of technological risk are set out in Table 4.
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Table 3:   The Different Aspects of Technological Risk (the example of genetically modified crops)

  (after Stirling)

BROAD ISSUE CLASS OF EFFECT EXAMPLE

Environment Biodiversity eg: field boundary ecology, other environmental risks

Chemical use eg: reduction in use of existing herbicide sprays, benefits of contact herbicides
versus soil acting residuals, longer term pollution of air and water

Genetic pollution eg: gene flow to other crops and native flora

Wildlife effects eg: Impact of enhanced weed control efficiency on wildlife, other practices affecting
wildlife value of agricultural systems

Unexpected effects eg: potential for effects not foresee under this scheme

Visual eg: amenity impacts]

Aesthetics eg: feelings about environment

Health Allergenicity eg: from food consumption

Toxicity eg: human or animal health

Nutrition eg: to consumers

Unexpected effects eg: unexpected interactions between ingredients, stability of genetic insert

Ability to manage eg: traceablility and ease of recall

Agriculture Weed control eg: invasive volunteers and weedy relatives

Food supply stability eg: sustainability, tendency to monocultures, global food security

Agricultural practice eg: farmers’ rights, choice and quality of life, land requirements

Economy Consumer benefit eg: retail price

Producer benefit eg: shorter term costs, yield or longer term value added

Benefit to processor eg: profitability

Socio-economic impact eg: welfare of small farmers, substitutions for developing countries

Society Individual impacts eg: consumer choice, transparency, accessibility, participation, pluralism

Institutional impacts eg: concentration of power, institutional trust, regulatory complexity

Social needs eg: opportunities, opportunity costs, misuse of science, employment, quality of life

Ethics Fundamental principles eg: animal welfare, taking care of nature

Knowledge base eg: hubris about scientific knowledge

The crucial point with regard to many of these dimensions is that, as with many of the different classes of impact (as
illustrated in Table 3), they are irreducibly qualitative in nature. Even where some effort at quantification under an
individual dimension is felt possible,  the resulting values  will be incommensurable in the sense that they cannot
readily or unambiguously be reduced to a single measure of performance. The relative priority attached to the
different dimensions of risk is intrinsically a matter of subjective value judgement. These properties of
multidimensionality and incommensurability are crucial and intractable features of technological risk.
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Table 4:   The Multiple Dimensions of Technological Risk (with examples from energy technologies)

           (after Stirling)

DIMENSION ILLUSTRATIVE QUESTION AND PRACTICAL EXAMPLE

Severity Do the options differ in the ratios of risks of death to risks of injury or disease which they pose? How much
illness or how many serious injuries equate in severity with one death? (Eg: offshore wind  vs biomass).

Immediacy Are the effects associated with different options equally immediate in their manifestation or do they differ in
the degree of latency between the initial commitment of a burden and the eventual realisation of an effect?
For instance, are some risks manifest as injuries and others as disease? (Eg: rooftop solar arrays vs
nuclear power).

Gravity Are the risks associated with some options dominated by low probabilities of large impacts, while those of
other options are characterised predominantly as high probabilities of relatively low impacts? To what extent
are impacts the result of single or repeated events? (Eg: nuclear vs coal).

Reversibility Are the effects associated with different options all equally reversible after they have been committed? (Eg:
nuclear and fossil fuels vs wind)

Spatial Distribution Are the effects associated with different options identical in their spatial extents? Is it better that impacts of a
given magnitude be geographically concentrated or dispersed? (Eg: wind vs fossil fuels).

Balance of Benefits
and Burdens

To what extent is the social distribution of the environmental burdens caused by each option balanced by
the distribution of associated benefits?  (Eg: distributed vs centralised).

Fairness To what extent do the distributions of burdens imposed by the different options act to alleviate or compound
pre-existing patterns of privilege or social disadvantage? To what extent should exposure to other
(unrelated)  risk-inducing agents be taken into account in assessing the acceptability of incremental
burdens? (Eg: urban waste-to-energy vs domestic PV).

Public or Worker
Exposure

To what extent do different options impose different distributions of risks across workers and the general
public? (Eg: offshore wind vs oil).

Intergenerational
Equity

Do the effects associated with certain options present risks to future generations to a degree not associated
with others? What is the appropriate discount rate, if any? (Eg: nuclear and fossil vs renewables).

Human or Non-
human

Do the options differ in the degree to which their impacts affect the well-being of humans and non-human
organisms? (Eg: biomass vs gas).

Voluntariness Do the environmental effects of different options vary in the degree to which exposure may be considered to
be ‘voluntary’ prior to the commitment of an impact? (Eg: do-it-yourself home insulation vs centralised coal).

Controllability Once committed, are the impacts associated with different options all equally controllable from the point of
view of the individuals or communities who stand to be affected? Do certain effects require efforts at control
which are perceived to pose a threat to democratic institutions or processes? (Eg: nuclear vs wind).

Familiarity Do the effects associated with different options differ in terms of the degree to they are familiar to
individuals, communities and established social institutions? Do responses to the different effects involve
equally disruptive changes to normal routines and attitudes? (Eg: nuclear vs biomass).

Trust Do options differ in terms of the degree of trust enjoyed in the wider society by the institutions and
communities charged with evaluating and managing their associated risks? Does the appraisal of certain
options tend to be more a specialised undertaking than that of others? (Eg: nuclear vs biomass).

Some concrete examples might be helpful in elaborating this point. One issue lies in the selection of factors which
are to be included in the regulatory appraisal of risk. Should appraisal take account of social, economic, cultural and
ethical issues, as well as environmental and health factors? With respect to the more narrowly defined physical
factors, to what extent should appraisal seek to address the potential additive, cumulative, synergistic and indirect
effects associated with particular technological risks? With how wide an array of potential substitutes should each
individual technological or policy option be compared in appraisal? Should attention be confined simply to the
operation of the options concerned, or should it extend to manufacture, decommissioning and disposal, as well as to
the various inputs and associated risks at each stage? Should the relative benefits of different options be taken into
account in appraisal so that they can be offset against the associated risks?

In an ideal world, the appropriate response to factors such as these is easy to determine. All else being equal, the
appraisal of technological risk be as complete and as comprehensive as possible (in the senses set out in the Field
Studies by Salo and Stirling in the present project). Regulatory decision making on technological risk should ideally
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be based on consideration of the full range of issues which may reasonably be held to be pertinent and on all aspects
of the life cycles and resource chains associated with the various technologies. Appraisal should take account of all
relevant additive, cumulative, synergistic and indirect effects as well as the more simple causal relationships.
Judgements over the acceptability or justifiability of different risks should be accompanied and informed by
consideration of the magnitude of the associated benefits. In the end, decisions over which technology or policy to
pursue should be arrived at only after comparing the risks and benefits associated with a range of alternative options,
rather than a single option considered in isolation.

However, aspirations to completeness and comprehensiveness concerning the different types of option and classes
and dimensions of risk and benefit provide only a rather loose operational guidance in the practical regulation of
risk. The crucial decisions will often lie in the interpretation, rather than the adoption, of such principles. In any
case, in the real world constraints on budgets, skills, staff, information, computational resources and response times
can all-too-often militate against the full realisation of such laudable objectives. In such cases, the reasonable limits
to regulatory appraisal are drawn not so much by any abstract prescriptions of scientific rigour or precaution as by
the practical realities and constraints of broader policy making.

This may seem serious enough, but the Field Study by Stirling raises one further problem which is even less
tractable than the necessarily bounded  nature of risk assessment. This concerns the way in which the different
aspects of technological risk which are included in appraisal are framed and prioritised in analysis. For instance, to
what extent should analysis be based on well-documented past empirical data relating to possibly outdated options,
superseded practices or irrelevant circumstances or to what extent should it make use of theoretical models of
performance based on extrapolations, projections and untested assumptions? How should individual unquantifiable
aspects of risk be taken into account? Referring again to Table 4, the Field Study by Stirling highlights the
importance of generic risk characteristics which cross-cut the individual effects, including issues such as
irreversibility, persistence, gravity, familiarity and trust. Even where they are quantifiable, there is the question of
the relative priority that should be attached to the different factors in the aggregation of effects such as toxicity,
carcinogenicity, allergenicity, occupational safety, biodiversity or ecological integrity? What relative weight should
properly be placed on impacts to different groups, such as workers, children, pregnant and breastfeeding mothers,
future generations, disadvantaged communities, foreigners, those who do not benefit from the technology in
question or even to animals and plants as beings in their own right?

Even if they were practically feasible, objectives such as completeness or comprehensiveness do not assist in
addressing issues of framing and prioritisation of this kind. No one set of assumptions or priorities may be claimed
to be uniquely rational, complete or comprehensive. It is here that we come to a classic and well-explored dilemma
in the field of social choice theory. In reviewing an extensive literature in this regard, the Field Study by Stirling
introduces a particularly important point which is frequently forgotten in considering the role of science in risk
assessment. For it remains the case that the disciplines of risk assessment, economics and decision analysis have
developed no single definitive way of addressing the problems of multidimensionality and incommensurability
discussed here. Even the most optimistic of proponents of rational choice theory acknowledge that there is no
effective way to compare  (or aggregate) utility across individuals or different groups in society. Indeed, even where
social choices are addressed simply in ordinal (or relative) terms, the economist Arrow went a long way towards
earning his Nobel Prize for demonstrating formally that it is impossible definitively to aggregate preferences in a
plural society.

The implications of these problems for notions of ‘sound science’ and ‘science based regulation’ in the management
of technological risk are picked up in a later section of this report. For the moment, the point is simply that “it takes
all sorts to make a world”. Different cultural groups, political constituencies or economic interests typically attach
different degrees of importance to the different aspects of technological risk. Within the bounds defined by the
domain of plural social discourse, no one set of values can definitively be ruled more ‘rational’ or ‘well informed’
than any other. Even were there to be complete certainty in the quantification of all the various classes and
dimensions of risk, it is entirely reasonable that fundamentally different conclusions over technological risk might
be drawn under different – but equally legitimate – perspectives. There can be no analytical fix for the problems
encountered in the social appraisal of risk. Whether seen in terms of ‘science’ or ‘precaution’, this is a fundamental
feature of the management of technological risk which must be explicitly addressed in appraisal procedures and
regulatory policy alike.
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4:  ACCURATE AND APPROXIMATE OR PRECISE AND WRONG?

narrow notions of risk in a complex world

The typical practical response to these problems of multi-dimensionality and incommensurability of technological
risk on the part of regulatory authorities is (as with the different classes of impact) to reduce and simplify –
focussing on those aspects which are held to be most tractable. Drawing on a wide literature documenting regulatory
practice in a number of industrialised countries, such as Germany, the Netherlands, Switzerland and the USA, the
Field Study by Renn and Klinke shows how the multiplicity of qualitative dimensions in the appraisal of
technological risk is typically reduced to a set of eight major ‘criteria’ as set out in Table 5. In reviewing an
impressive range of different technological risks, Renn and Klinke argue that many of these different criteria can in
practice often be seen to be quite strongly correlated, in many cases allowing the practical further reduction in the
perceived dimensionality of risk to the first three criteria: probability, magnitude and ‘uncertainty’. The resulting
approach and associated insights are discussed in more detail later in this report (Section 11).

Table 5:   Some Criteria Typically Used in the Regulatory Appraisal of Risk  (after Renn and Klinke)

CRITERION DESCRIPTION

Probability of occurrence

Magnitude of damage

Certainty of assessment

Ubiquity 

Persistence 

Reversibility 

Delay effect 

Mobilization potential

ranging from zero (impossible) to one (certain)

ranging from zero to infinite damage

ranging from small to large confidence intervals on probabilities and magnitudes

ranging from localised to global extent

ranging from short to long term duration

ranging from low to high potential for restoration of damage

ranging from low to high latency between initial event and occurrence of damage

ranging from zero to high political sensitivity

For the moment, however, it must be acknowledged that even an eightfold scheme of criteria such as that displayed
in Table 5 above effectively omits or conflates many of the fourteen or so dimensions of technological risk
addressed in Table 4 in the previous section of this report. When taken together with the realisation that different
cultural groups, political constituencies or economic interests will typically attach different importance to the
different forms and dimensions of risk, the result might be expected to be the introduction of a certain degree of
volatility into the business of risk assessment. The apparent riskiness of different options might be expected to vary
quite radically, depending on the priorities attached to the ‘hidden variables’ during the process of appraisal.

Looking in some detail at the particular case of energy technologies – one of the most mature and sophisticated
fields of application for the techniques of comparative risk assessment – the Field Study by Stirling documents
exactly this kind of volatility. Although individual studies are typically highly precise in their derivation of risk
values for individual technologies and draw strongly prescriptive conclusions concerning the relative ordering of the
different options, the picture yielded by the literature as a whole is seen to display a rather extreme degree of
variability and ambiguity. Figure 2 displays the values obtained over a number of years by industry and government-
sponsored studies in industrialised countries of the risks and environmental impacts associated with modern coal-
fired electricity generating technologies (expressed as monetary ‘external costs’  in constant US currency terms).
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A number of conclusions emerge quite strongly from this picture. The results of individual risk assessment studies
are often reported with formidable precision, expressed as discrete numbers (rather than ranges) and presented to
two, three and even four significant figures. Yet when account is taken of the literature as a whole, such precision
seems entirely to misrepresent the accuracy of this style of appraisal taken as a whole. The uppermost values of the
highest range in Figure 2 approach twenty dollars per kilowatt-hour. The lowest values of the bottom range are less

Figure 2:  Variability in Assessments of  Technological Risk (an example from energy technologies)

              (after Stirling)
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than four hundredths of a cent per kilowatt-hour. The difference is more than four orders of magnitude – a factor of
more than fifty thousand!

When attention turns to a comparison of the results obtained for a range of different electricity supply options,  the
Field Study by Stirling finds that the picture is similarly ambiguous. Figure 3 displays the risks associated with eight
key energy technologies, again expressed as monetary ‘externality’ values drawn from the same thirty two studies
represented in Figure 2. The lowest values obtained for the worst ranking option (coal) are lower than the highest
values obtained for the apparently best ranking options (wind). Since individual studies show results at the high end
of the overall range for some options but lower in the distributions for others, the overall picture yielded by the
literature as a whole would accommodate virtually any conceivable ranking order for these eight options!

Stirling argues that this picture of variability and ambiguity arising in the appraisal of energy technologies is broadly
reproduced in other areas of technological risk  (such as toxic chemicals and GM crops) and under metrics other
than monetary value (such as mortality or morbidity measures). Closer examination of the literature to find the
reasons for this kind of discrepancy reveals that the problem does not tend to be driven by any single factor in
analysis, nor is it a simple matter of some studies being more ‘accurate’ or ‘reasonable’ than others in any definitive
sense. The manifest variability in results and ambiguity in rankings is rather a simple reflection of the issue raised in
the previous section – the adoption of different (but equally scientifically valid) assumptions and priorities
concerning the multitude of different dimensions of risk. In addition to the dimensions already set out in Table 4, the
key methodological variables which lie behind the evident inconsistencies between risk assessment studies are
summarised in Table 6.

Taken together with the foregoing acknowledgement that “it takes all sorts to make a world”, the evident disjuncture
between precision and accuracy in risk assessment paints a rather negative picture of the practical utility of
quantitative, uni-dimensional, analytical approaches to regulatory appraisal, such as risk assessment. One of the first
and most basic tasks in the management of technological risks is to construct some robust overall notion of the
relative merits of the different options under consideration from the point of view of society as a whole. Where this
cannot be achieved in any absolute sense, then the value of appraisal lies in exposing the relationships between

Figure 3:  Ambiguity of Ordering in Technological Risk Assessments (an example from energy technologies)

     (after Stirling)
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different assumptions in analysis and the associated pictures of the relative importance of different options. Since
many of the incommensurable dimensions of variability discussed here (and shown in Tables 4 and  6) typically
remain implicit in risk assessment, serious questions must be raised over whether the associated results – no matter
how precisely expressed – are of any practical policy use at all.

Table 6:   A Set of Methodological Variables Influencing Variability and Ambiguity in Risk Assessment

                      (after Stirling)

VARIABLE ILLUSTRATIVE QUESTION AND PRACTICAL EXAMPLE

Quantifiability Are the effects associated with different options all equally quantifiable? How has appraisal avoided a
disproportionate emphasis on the more quantifiable aspects - and thus an overemphasis of the impacts of
the associated options?  (Eg: acid emissions vs aesthetic landscape impacts).

Coherence How coherent is the classificatory scheme adopted in any particular study with respect to the full range of
environmental effects? Are there gaps or overlaps between the different classes of effect which are
recognised for the purposes of analysis? (Eg: emissions, burdens, or effects).

Trajectories How long a historic data series is appropriate as a basis for the appraisal of current options? How robust are
assumptions concerning the likely future behaviour of those at risk? Are different options on different
‘learning curves’ in terms of the potential for future improvements in performance? (Eg: radioactive waste,
photovoltaics).

System
Boundaries

How systematically does analysis address the resource chains and facility life cycles associated with the
different options? How far back into the wider economy should analysis regress in assessing energy and
material inputs? (Eg: material and energy inputs to renewable capital equipment, overseas uranium mining
for nuclear).

Articulation How are the results of analysis to be articulated with wider considerations and the subsequent decision
making process. At what point does the domain of analysis end and that of politics begin? (Eg: claims to
‘real’, ‘true’ or ‘full’ status?).

The practical conclusions both for ‘scientific’ and ‘precautionary’ approaches seem clear. The theoretical
impossibility of the ‘analytical fix’ is borne out in practice. The appraisal of technological risk is evidently as much
about systematic qualitative  exploration of the consequences of divergent social values as it is about precise
numerical characterisations of the physical impacts of the technologies themselves. It is better to be roughly
accurate in this task of mapping the social and methodological context-dependencies. than it is to be precisely
wrong in spurious aspirations to a one-dimensional quantitative expression of technological risk.

5:  KNOWING YOUR IGNORANCE IS THE BEST PART OF KNOWLEDGE

the limits to probability

Before turning to more positive themes, there is one further fundamental difficulty in the ‘narrow risk’ approach to
the management of technology which has been explored in detail in this project and which should be considered in
this Report. It has already been shown how risk is conventionally regarded to comprise the two basic elements of
probabilities and magnitudes. The problems of multidimensionality and incommensurability discussed so far reside
with the ‘magnitude’ component of risk. It is with the concept of ‘probability’, on the other hand, that we invoke the
problems of uncertainty and ignorance. These themes are discussed in some detail in the Field Studies by Salo and
Stirling.

In economics and decision analysis, the well-established formal definition of risk is that it is a condition under which
it is possible both to define a comprehensive set of all possible outcomes and to resolve a discrete set of probabilities
(or a density function) across this array of outcomes. This is the domain under which the various probabilistic
techniques of risk assessment are applicable, permitting (in theory) the full characterisation and ordering of the
different options under appraisal. There are a host of details relating to this picture (such as those hinging on the
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distinction between ‘frequentist’ and ‘Bayesian’ understandings of probability), which are discussed further in the
Stirling Field Study but these are irrelevant for present purposes.

The strict sense of the term uncertainty, by contrast, applies to a condition under which there is confidence in the
completeness of the defined set of outcomes, but where there is acknowledged to exist no valid theoretical or
empirical basis for the assigning of probabilities to these outcomes.  Here, the analytical armoury is less well-
developed, with the various sorts of scenario analysis being the best that can usually be managed.. Whilst the
different options under appraisal may still be broadly characterised, they cannot be ranked even in relative terms
without some knowledge of the relative likelihoods of the different outcomes.

Finally, there is the condition of ignorance.  This applies in circumstances where there not only exists no basis for
the assigning of probabilities (as under uncertainty), but where the definition of a complete set of outcomes is also
problematic. In short, it is an acknowledgement of the possibility of surprises. Here, it is not only impossible to rank
the options but even their full characterisation is difficult. Under a state of ignorance (in this strict sense), it is
always possible that there are effects (outcomes) which have been entirely excluded from consideration. These
formal definitions for the concepts of risk, uncertainty and ignorance are illustrated schematically in Figure 4.

Figure 4: The Concepts of ‘Incertitude’, ‘Risk’, ‘Uncertainty’ and ‘Ignorance’  (after Stirling)
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In order to avoid confusion between the strict definition of the term uncertainty as used here, and the looser
colloquial usage, the Field Study by Stirling introduces the term ‘incertitude’ to apply in a broad overarching sense
to the conditions of risk, uncertainty and ignorance (as well as a fourth category of ‘ambiguity’ which is not so
relevant here, but whose definition is also illustrated in Figure 4). Drawing on a wide literature, the Field Study by
Salo, resolves three broad dimensions cross-cutting all these forms of incertitude which are confronted in the
management of technological risk..  These concern:

i) the scientific knowledge on which risk assessment/analysis depends,

ii) the stakeholders’ value judgements about the impacts engendered by new technology, and

iii) the scope and efficacy of the policy measures which may be adopted to control and monitor
technology.
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Under each of these dimensions, a series of different sources of uncertainty and ignorance are documented by Salo
and summarised (with some additions) in Table 7 below.

Table 7:  Some Sources of Uncertainty and Ignorance in the Appraisal of Technological Risk  (after Salo)

Physical
Causation

Causes

Consequences

Causation

Conditions

Detection

Time of manifestation

•  What particular characteristics of the technology are potentially harmful?

•  What harmful effects is can the introduction of technology have?

•  What causal relationships govern the emergence of harmful consequences?

•  Under what specific external circumstances may harmful consequences arise?

•  What means are available for detecting and monitoring the harms?

•  When might the harm come about?

Value
Concerns

Stakeholders

Communication

Preferences

Representation

•  Who are the stakeholders that may be affected by the harm?

• Do the stakeholders have sufficient, impartial and intelligible information about the
technology? Can they interact with each other?

•  Do the stakeholders have stable preferences that they can explicate?

•  What deficiencies are associated with the mechanisms of representation through which
the stakeholders’ views are brought into the regulatory discourse?

Policy
Response

Practice

Measures

Effectiveness

Cost

•  Can we be confident that the operation of technology conforms with assumed practice?

•  What policy measures could be instituted to counter any harm?

•  How effective are these measures?

•  What budgetary, social and general opportunity costs are incurred by regulation?

By reference to the regulation of energy technologies, toxic chemicals and genetically modified organisms, the Field
Study by Stirling reviews a variety of practical examples of situations in the regulatory appraisal of technology
which are dominated by the conditions of uncertainty and ignorance rather than risk.  Indeed, the imponderables
associated with global climate models, the sheer number of chemicals and the unpredictability of their behaviour in
the environment and the unprecedented nature of genetic modification technology are all such as to render ignorance
and uncertainty (in their formal senses) the dominant conditions in the management of each of these types of risk.
Other examples from the field of technological risk are too numerous to mention.

The curious thing is, that these and other sources of intractable uncertainty and ignorance are routinely treated in the
regulatory appraisal of technology by using the probabilistic techniques of risk assessment. Given the manifest
inapplicability of probabilistic techniques under uncertainty and ignorance, this is a quite remarkable phenomenon.
On the basis of a review of a wide literature on decision-making under incertitude, the Field Study by Stirling
observes that the seductive appeal of the elegance and facility of probabilistic calculus can easily overwhelm
measured judgements as to its efficacy. For all this, the continued treatment of ignorance and uncertainty as if they
were mere risk provides an example of the kind of “pretence at knowledge” lamented by the economist Hayek in his
Nobel acceptance speech. Either way, it is the highly circumscribed practical applicability of probabilistic
techniques which forms part of the basis for the use of the term ‘narrow risk’ introduced in Section 2 of this Study.

The literature on the sociology of science has repeatedly documented a similar phenomenon to this ‘pretence at
knowledge’ in considerable detail in a number of fields other than risk assessment and goes some way towards a
general explanation. Here (drawing on the work of MacKenzie), the Field Study by Rip introduces the concept of
the ‘trough of uncertainty’. This refers to the observed tendency for the acknowledgement of ignorance and
uncertainty to diminish in the intermediate domain between the forefront of research activity and its broader public
dissemination. And it is precisely in this region of intermediate proximity to the knowledge production process
itself, that a body of knowledge tends to be most intensively employed as a basis for action. This is certainly the case
in the use of sciences such as climatology, toxicology, genetics or ecology in the regulatory appraisal of technology.
In other words, it is precisely where the stakes are highest that the uncertainties (and ignorance) tend to most
strongly understated.

As is noted in three of the Field Studies, similar observations underlie a series of other important themes in the study
of scientific uncertainty, including Funtowicz and Ravetz’s recent influential notion of ‘post-normal science’ and the
seminal preceding concept of ‘trans-science’ introduced thirty years ago by Weinberg. All these bodies of work
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share a common insight. It is in the recognition, characterisation and articulation of incertitude that the interplay of
science, interests and values becomes most intense. The dilemma is, of course, that those who through their
expertise are most in a position to document and explicate the sources of ignorance associated with a particular body
of knowledge are often those who are subject to the most pronounced interests in the use of this knowledge as a
basis for action. Nowhere is this more true than in the appraisal of technological risk. Though they may be
explicable in sociological terms, the systematic understating of incertitude and the ‘pretence at knowledge’
associated with Rip’s ‘trough of uncertainty’ are of quite profound importance in considering the practical
relationships between science and precaution in the management of technological risk.

For the purposes of the present study, however, the implications are clear. Stirling points out in his Field Study that
judgements concerning the extent to which “we don’t know what we don’t know”, no matter how well informed, are
ultimately unavoidably subjective and value laden. This would continue to be true, even in cases where the multiple
aspects and dimensions were held to be compressible into a single metric. In a fashion similar to
incommensurability, then, it seems that here again with the problem of ignorance, we encounter a rationale for a
more inclusive approach to the appraisal of technological risk. It is by harnessing the imagination and intuition about
different possibilities engendered by the inclusion of disparate perspectives, for instance, that the condition of
ignorance can systematically be converted into uncertainty. This cannot be achieved by a process which
systematically understates the property of ignorance. It is here that the wisdom of the Chinese philosopher Lao Tzu
becomes highly pertinent. When he wrote that “knowing one’s ignorance is the greater part of knowledge” he
crafted an injunction which, as well as being both ‘scientific’ and ‘precautionary’ in sentiment, carries a profoundly
important message for the management of technological risk.

6:  SCIENCE SHOULD BE ON TAP, NOT ON TOP

subjectivity and interests in the framing of science

The account presented in this Report thus far may seem somewhat pessimistic – even despairing – in  relation to the
role of science in the management of technological risk. The Conservative British Prime Minister Winston
Churchill, by contrast,  was famous for his bullish attitudes. He was hardly the paradigm example of what have later
in some quarters come to be seen as post-modern anxieties over risk. And yet it is to a remark of Churchill's that a
central theme of this study can be linked: "science should be on tap not on top". For – in different ways – this is a
key conclusion of each of the Field Studies on which this report is based.

On the face of it, this sentiment seems to run directly counter to the widespread advocacy of 'sound science' as a
basis for the regulation of risk. However, it is a central finding of this project that, whether viewed from the point of
view of policy analysis, science and technology studies, decision analysis or risk assessment, notions of a unitary
definitive concept of ‘sound science’ are highly problematic. In situations where different bodies of scientific
evidence, alternative theoretical paradigms or different disciplinary perspectives appear to be in tension, it is often
far from clear what criteria are to be employed in determining the practical substance of ‘sound science’. As is
discussed in particular in the Field Study by Rip, institutional procedures for verification, validation and learning
have long been the object of close scrutiny in the history, philosophy and social studies of science. What emerges
throughout the field as a whole – encompassing areas far removed from the sciences of risk assessment – is that the
quality of ‘soundness’ in science is highly ambiguous, context dependent  and value laden. Indeed, where appeals to
‘sound science’ remain unsubstantiated by explicit criteria for what precisely is meant by ‘soundness’, they often
amount to little more than rhetorical strategies. In short, there exist so many alternative ways of conceiving of
‘sound science’ and of the appropriate ways by which to achieve it in any given context, that it becomes extremely
difficult to render the concept operational in any practical fashion.

Given the polarisation and strength of feeling so often encountered in discussions over the role of science in the
regulation of risk, it is important to be clear from the outset about what is not being argued here. The argument is not
that “nothing is more true than anything else”. Put simply, the implication is rather that “a number of things may be
equally true” in the appraisal of risk. It is, of course, uncontentious that policy making, regulation and the day-to-day
management of technological risk must be informed by all the available empirical evidence and should be consistent
with prevailing scientific understandings. However, this does not mean that science on its own should be assumed to
determine particular regulatory or policy responses. In fact, in the terms discussed in the Field Study by Rip, the key
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finding arising in the field of science and technology studies is that science in itself manifestly under-determines
social action. It is only rarely the case that a single particular prescription emerges naturally and uncontroversially
from even the most robust and specific of scientific understandings. Interpretations of scientific knowledge and
applications of scientific information are subject to a multitude of exogenous, subjective and often conflicting
influences. In this way, not only the notion of ‘sound science’, but also the concept of ‘science-based regulation’
become quite ambiguous. Science can only ever provide one part of the basis for the regulation of technological risk.
Science is a necessary, but not sufficient, condition for effective risk management.

The argument to this point tends to be quite widely acknowledged as an external critique of  some of the narrower
‘scientistic’ notions of technological risk. What is less well-recognised, however, is the irony that (even were the
concepts of ‘sound science’ and ‘science based regulation’ to be unproblematic and uncontroversial) they are in their
own terms quite profoundly mutually contradictory. The preceding sections of this Report have documented the
multidimensionality of risk, the formal impossibility of definitive aggregations of diverse perspectives in a plural
society and the limits to the applicability of probability in the face of the conditions of strict uncertainty and
ignorance. Each of these points relates to matters of fundamental theory which underlie the science of risk
assessment. They are intrinsic features of the utilitarian and probabilistic paradigms on which all conventional
notions of ‘sound science’ in risk assessment tend to be based. In the formal theoretical terms of the sciences most
central to risk assessment, then, the insufficiency of science emerges as a result of the science itself!

The implications are clear. Decisions over the framing and scope of appraisal, the relative priority to assign to
different factors, the comparative likelihoods of many different possibilities and the weighting to place on ignorance
and surprise are all matters on which the sciences of risk assessment are intrinsically unable to provide definitive
answers. It is in these terms that it might be seen as a matter of ‘sound science’ (as well as ‘common sense’) that
regulation cannot exclusively be based on  science – hence the contradiction between the notions of ‘sound science’
and ‘science based regulation’ mentioned above. The conclusion is thus reinforced that science can only ever
provide one (albeit crucial) element in the management of technological risk. There can be no ‘analytical fix' for the
complexities, ambiguities and contradictions encountered in the social appraisal of risk.

It is in this light that Churchill’s adage that “science should be on tap, not on top” might be seen, not as a nihilistic
counsel of despair, but as an endorsement of the importance of paying greater attention to the role of subjective
values, plural rationalities and divergent interests in the framing of the science of risk assessment. In the remainder
of this report, much more will be said about the ways in which this might be achieved. The Field Study by Klinke
and Renn and that by Rip, in particular, focus on matters of social learning and social discourse on risk. The studies
by Stirling and Salo point to a variety of specific techniques. For the moment, the crucial point is that the under-
determining and insufficient nature of science in risk assessment together provide a robust rational for developing
inclusive procedures for participatory deliberation over the management of technological risk.

Arguments for greater public involvement in risk regulation are frequently heard from the point of view of
democratic ethics, institutional legitimacy, due process and even practical expediency in the achieving of public
acceptance and trust. The emerging argument for greater inclusiveness in appraisal is rather different. In
acknowledging that the problems of scope, incommensurability and ignorance in risk assessment are otherwise
intractable, active stakeholder engagement in the appraisal process becomes a matter of analytical rigour. For
without systematic reference to the values, priorities and scope displayed in wider discourse, how can the crucial
framing assumptions adopted in appraisal be validated?

At this point, it might be useful to return to the model of the relationship between ‘narrow risk’ and ‘precautionary’
approaches to risk management introduced at the beginning of this Report (Figure 1). In defining the concept of
‘science’ for the purposes of that discussion, it was made clear that a deliberately minimal set of properties were
selected from a much wider set of possibilities extant in the literature. The particular features of science identified
there for the purposes of initial discussion were systematic methodology, scepticism, transparency, quality control
by peer-review, professional independence and accountability, and an emphasis on learning. Questions over the
scope of appraisal, the plurality of perspectives taken into account and the degree of confidence  placed in the
available knowledge were all addressed in that discussion as features, not of science, but of the ‘breadth’ of the
regulatory regime taken as a whole.

In the light of the preceding discussion, however, this picture might usefully be reviewed. It has been argued that
recognition of the fundamental status of multidimensionality, incommensurability, impossibility and ignorance in
risk assessment contributes to a ‘scientific’ rational for greater pluralism, breadth of framing and humility about
knowledge. If this is accepted, then these three properties might more appropriately be seen as aspects of the
application of science to the management of technological risk, than as features of the wider regulatory regime.
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Accordingly, Figure 5 provides a reinterpretation of Figure 1, with the axes reconfigured to take account of this
alternative conception of three of the key characteristics of science in the management of technological risk. The
implications are clear. Whereas under the narrow conception of science in Figure 1, the ‘scientific’ status of ‘narrow
risk’ and ‘precautionary’ approaches were seen to be broadly similar, under the extended notion of risk science in
Figure 5 an asymmetry is introduced. The effect of changing ‘breadth of framing’, ‘recognition of
incommensurability’ and ‘acknowledgement of ignorance’ from being features of a broad regime to features of
scientific understanding is effectively to rotate the vertical axis in Figure 1 towards the domain of the precautionary
approach. As a result, it becomes evident that – under the broader view of risk science articulated here – a
precautionary approach displaying these three features might arguably be seen to be more scientific than the
traditional ‘narrow risk’ approach.

None of this changes the conclusions drawn above concerning the overall insufficiency and under-determining
nature of science in risk assessment. Many crucial factors (such those addressed on the horizontal axis in Figure 5)
remain external to science even in this broader sense and yet crucial to the business of technology management. As
has been emphasised repeatedly, the particular characteristics identified in risk science will remain – like the results
of risk assessment itself – conditioned by exogenous subjective framing assumptions. Consequently, a determination
of the extent to which a precautionary approach might indeed be seen to be ‘more scientific’ than a narrow risk
approach will depend on such wider judgements. The conclusion here is simply that, when ignorance and
incommensurability are acknowledged to be firmly grounded in the science of risk assessment, then it follows that a
more broadly-based, pluralistic and epistemologically humble precautionary approach is more scientific than
traditional narrow risk assessment. Either way, it remains the case that, though science in itself may be insufficient
(however it is precisely conceived),  it is certainly an indispensable element in the effective management of
technological risk.

Figure 5:  An Alternative Model of Relationships Between the Concepts of Risk, Science and Precaution
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7:  LOOK BEFORE YOU LEAP AND LEARN AS YOU GO

learning, discourse and dissent

In seeking to extend the breadth of scope and depth of focus of regulatory appraisal and risk management in the face
of the many problems raised in the Field Studies reported on here, a wide array of procedures and institutional
arrangements have been developed and implemented in different countries. These are typically highly specific to
individual specialist areas of regulation such as the release of GM organisms, the use of toxic chemicals, or nuclear
or food safety. However, a general need for provision for ’early listening’ and ’technology watch’ is variously
addressed by bodies such as the EC’s Institute for Prospective Technology Studies (IPTS), the European
Parliament’s Science and Technology Options Assessment office and various official technology assessment and
reporting bodies in countries such as the UK (POST), Germany (WBGU), Netherlands (Rathenau Institute) and
Denmark (Teknologiradet). Although the paradigm example - the US Congress Office of Technology Assessment –
has now been dissolved, responsible bodies in the US (such as the National Research Council) continue to
emphasise the general importance in all fields of effective ex ante 'risk characterisation' in the management of
technological risk. It is through institutions such as these, that the regulatory process may hope to maintain a broad,
detailed and up-to-date picture of the status of different technological options and operational practices as well as
any emerging indications of associated risks. With the increasingly concrete formulations of concepts such as ‘best
available technology’ (BAT) in national and international legislation, the responsibility of such bodies for active
comparative review of technological options is becoming increasingly formalised. An example touched on in the
Stirling Field Study, for instance,  is the role of the IPTS in Seville in co-ordinating the drafting of BAT Reference
Documents under the 1996 Directive on Integrated Pollution Prevention and Control.

A host of specific measures and procedures are employed by these and more specialist regulatory institutions. These
are discussed further in the Field Study by Rip and that by Renn and Klinke. The well-established traditional
approach has been a reliance on committees of scientific experts, periodically augmented by more wide-ranging
Parliamentary Inquiries, Government Commissions or ‘Delphi’ exercises eliciting even broader  ranges of expertise
(such as Japanese and UK ‘Foresight’ Programmes). More recently, Rip mentions that attention is also turning to
electronic and other techniques for the more systematic and exhaustive scrutiny of the scientific literature –
especially with regard to recent issues such as BSE. Expert deliberation by means of Inquiries, Commissions or
Delphi exercises, as well as techniques such as systematic literature audits, all  present effective ways to address
those sources of uncertainty and ignorance which are identified in Salo’s Field Study to reside with the ‘physical
causations’ and (to a less complete extent) ‘policy responses’ associated with different technological risks (see Table
7). They are essential aspects of the culture of ‘open-ended learning’ highlighted in the Field Study by Rip.

In all their various forms, these and other  institutions of technology assessment offer a way of ensuring a general
social provision for “looking before leaping” in the management of technological risk. This theme is necessarily
central to all regulation of technology. Despite the differences of context, the essential anticipatory and learning
functions of such institutions clearly relate both to ‘narrow risk’ and ‘precautionary’ approaches. However, taken on
its own, such a conclusion falls short of addressing in full some the key findings which have already been outlined in
this Report. What of the insufficient and under-determining nature of science in risk assessment? What of the
imperative of analytical rigour for the empirical validation of the social provenance of framing assumptions and
priorities adopted in the regulatory appraisal of technological risk? It seems clear that the implications of a culture of
‘open-ended learning’ go far beyond the institutions and procedures of expert deliberation alone, extending out into
wider social discourses on risk.

There is an enormous literature concerning the broad subject of social discourses over technological risks. The Field
Study by Renn and Klinke briefly reviews some of the main themes in the study of risk perception and
communication and goes on to survey the literature on risk and deliberative democracy. Here, they distinguish four
broad forms of social discourse on risk: ‘reflective’, ‘design’ (or ‘planning’), ‘cognitive’  and ‘educational’
discourse. Of these, it is the latter two which embody the essentially hierarchical nature of the traditional
relationship between expert institutions and wider public values and understandings concerning technological risk.
The ‘cognitive’ discourse refers to the expert deliberations which have already been described in relation to the
established institutions of risk management. Learning takes place here on all sides, largely as a result of interactions
between technical specialists from different fields, with the aim of arriving at a consensual interdisciplinary
understanding of empirical ‘facts’ and theoretical models or, where necessary, a clear demarcation of any
disagreement.
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Learning can also be a two-way process in an ‘educational’ discourse, but here the process is highly asymmetric. In
one direction, it is the objective to ‘educate’ different public constituencies about the ‘facts’ of technological risk as
determined in the ‘cognitive’ discourse. In the other direction, it is necessary that the ‘educators’ learn about the
nature and context of any information ‘deficits’ and ‘misperceptions’ which it is the goal of the process to address.
Although it has been shown in this report that the science of risk is under-determining and strongly shaped by
subjective values and contingent assumptions, it has been emphasised that this does not mean that ‘anything goes’.
As has already been discussed, under a view where more than one thing can be ‘right’, it is, of course,  still entirely
possible to be ‘wrong’ in a conventional positivistic sense. To this extent, then, even under a ‘constructivist
perspective’, it is entirely clear that there exists an essential role for Renn and Klinke’s ‘cognitive’ and ‘educational’
discourses over risk. These form an important part of the process of open-ended social learning identified by Rip to
be intrinsic both to scientific and precautionary approaches to the management of technological risk.

What is perhaps less well recognised, however, is the equally essential role of the other two forms of discourse
identified by Renn and Klinke as part of the process of social learning on risk.  The ‘reflective’ discourse deals with
the crucial issue of the framing and interpretation of risk science. As was argued in the last section, it is only by
means of deliberate efforts to foster learning of this sort, that appraisal can hope to validate and justify the particular
assumptions and priorities embodied in regulatory decision making over technological risk. It is this form of
discourse which allows risk management effectively to address the  sources of uncertainty identified in the Salo
Field Study concerning ‘social values’ (Table 7). In addition, it is by means of  inclusive reflective discourse that the
regulatory process may elicit creative ideas concerning new technological or policy options, unconstrained by
institutional or disciplinary blinkers or preconceptions. Likewise, it is only by means of the unbounded garnering of
the insights and possibilities which emerge under different perspectives, that the formal condition of ignorance
defined in an earlier section of this Report can progressively be reduced to the more tractable state of uncertainty.
These and other means to the ‘reduction of intractability’ represent an important part of the open-ended social
learning which is highlighted in the Field Study by Rip. The continued treatment of this sort of  social learning
entirely as a matter of ‘cognitive’ or ‘educational’ discourse (emphasising specialist expertise  in the technical and
physical aspects of risk) remains an entirely misguided and potentially highly counterproductive feature of much
regulatory thinking on risk.

Finally, Renn and Klinke’s ‘design’ (or ‘planning’) discourse – focused on the evaluation of policy and regulatory
options – is essentially political in nature. Again, this  necessarily involves a symmetrical interaction between
specialist and lay communities. It is here that mechanisms of accountability, conditions for legitimacy and rules and
procedures for representation, mediation and direct citizen participation are all established and sustained. It is
through this form of discourse that the risk management process can complement and broaden expert understandings
on the  sources of uncertainty identified in the Salo Field Study concerning ‘policy responses’ (see Table 7). The
experience and outcomes of these negotiations represent an element in the wider process of open-ended social
learning on risk which is just as crucial as the fostering of ‘cognitive’ and ‘educational’ discourse. Indeed, there is a
sense in which it is the ‘design’ discourse which supports and oversees the conduct of the other three, thus
maintaining the overall architecture of the processes of social learning on risk. In the Field Study by Rip, for
instance, it is argued that the ‘Precautionary Principle’ itself (along with other principles, such as those associated
with various notions of ‘sound science’) represents a ‘design principle’ of the kind which – either intentionally or
implicitly – is negotiated and affirmed as part of such a discourse. Recognition of the importance of Rip’s ‘open-
ended social learning’ and, in particular, of Renn and Klinke’s ‘reflective’ and ‘design’ discourses on risk, therefore
do not represent an exclusively ‘precautionary’ perspective. The need for explicit attention to such matters is also
entirely consistent – indeed (as Stirling argues), a prerequisite – for other aspects of the scientifically informed
management of technological risk

The Field Study by Rip specifically discusses the positioning of a ‘precautionary approach’ on the basis of a set of
concepts which closely parallels the distinction between three of the discourses constructed by Renn and Klinke. Rip
notes that a ‘Precautionary Principle’ (like virtually any other policy principle)  can be formulated and implemented
in terms of three different sorts of ‘rules’ operating at a number of levels: ‘decisions’, ‘culture’ and ‘constitutions’.
As a ‘decision rule’ of whatever form, ‘precaution’ is acting at the explicit level of rationalistic process. This is the
domain of Renn and Klinke’s ‘cognitive discourse’. As a ‘culture-embedded’ rule, by contrast, such a principle acts
(often in an invisible fashion) as an ‘archetype’ to shape the form of institutions and procedures. Here Rip is noting
something at the level of Renn and Klinke’s reflective discourse.  Finally, as a ‘constitutional rule’ (‘process rule’,
‘rule of standing’), the ‘Precautionary Principle’ helps to govern the modes of interaction themselves. This is a
matter of design discourse. Again, the point is that ‘precaution’ – along with other general approaches to the
management of technologies – serves simultaneously as a framework for learning at several levels of discourse. It is
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neither feasible nor helpful to seek to confine notions of ‘precaution’ (or, for that matter,  ‘science’) to a single
discursive domain.

Before turning to other issues, there is one further crucial aspect of open-ended social learning on risk which is also
identified in the Field Study by Rip but which has not so far been discussed in this report. This concerns the role –
and indeed value – of active social contention and dissent over risk. It is something of a received wisdom in the field
of risk communication and management to regard divergent attitudes and understandings (and the associated  social
discord) as  a generally negative phenomenon. Under such a view, the objective of social learning should be to
reduce, minimise, or even eliminate, such contention and substitute it with as near a state to informed consensus as
can be achieved. Drawing on insights arising in the social sciences, however, Rip develops a more positive view of
dissent.

First, it should be emphasised that Rip’s Field Study acknowledges that many aspects of social conflict over risk,
while perhaps unavoidable, are likely sometimes to be counterproductive. This is especially the case where such
conflict militates against effective communication (and thence learning) between groupings. Examples of these
negative aspects include the tendencies for the rhetoric of risk discourse to be polarised by what Rip describes as the
competing ‘labels’ and ‘naming myths’ produced in the different ‘risk repertoires’ associated with different socio-
political constituencies. This polarisation can sometimes be exacerbated by the specialisation and associated
fragmentation of interests among risk management institutions and, to some extent, also by the professionalisation of
interest groups, advocacy and lobbying organisations. The tensions are further amplified by the media imperative
always to construct a simplified ‘storyline’, often emphasising the conflict between ‘winners’ and ‘losers’. For all
these reasons, Rip concurs with the orthodoxy in risk management in identifying a need better to ‘modulate’ social
discourses over risk in order to foster more effective open-ended learning.

However, Rip also points out that (if left to their own devices), the different institutions charged with risk
management would naturally seek to avoid agonistic interactions of the kind which challenge their own embodied
perceptions and interests. The result would be a self-reinforcing process of selective inclusion and exclusion, leading
to a polarisation of proponents and opponents in relation to particular technological options. Seen in this light, it is
the very existence of active social contention and dissent over technological risk which provides the kind of
incentive (or ‘forceful focus’) for learning on the part of all the different actors involved. This permits a process of
what Rip terms the ‘antagonistic coordination’ of social discourse over technological risk. In other words, it is the
existence – even nurturing – of healthy dissent which provides a means to engagement and quality control in social
discourse over risk. Indeed, where it is possible to achieve recognition by all actors of the value of this process, then
some degree of active antagonism in the risk debate might be seen as a parallel for the organised scepticism which
forms such an important part of scientific culture. In this way, a reflexive and appropriately modulated process of
active scepticism and dissent might be seen as an important element in, and indicator of, a high quality process of
social learning over technological risk.

8:  A STITCH IN TIME SAVES NINE

constructive approaches to technology assessment

The crucial question, of course, is what practical form such constructive social ‘modulation’ of risk discourses and
‘antagonistic coordination’ might take. A series of specific methods and procedures are discussed later in this Report
(Section 10). Before turning to these, there are a couple of further issues to consider. The first concerns the time
dimension to the social management of technology.

Among the forms of discourse identified in different ways in the Field Study by Renn and Klinke and that by Rip as
arenas for the practical implementation of risk management approaches (like ‘precaution’) are those concerning
‘design principles’. Although these relate to institutions of all sorts, they apply particularly strongly  in the case of
technologies and their associated systems. There is an extensive literature in the field of the economics of
technology and innovation touched on in the Field Study by Rip which documents the ‘path dependent’ character of
technological change. Technological innovation is an inherently hierarchical process, with features embodied at an
infrastructural or ‘architectural’ level often strongly influencing the form of the technologies which might
subsequently be adopted. The implementation of precautionary considerations at an early or formative stage in the
development of what may later come to be a large scale technological system (such as a renewable energy
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infrastructure, the chlorinated hydrocarbon industry  or a biotechnology-based agricultural sector) can exert a
profound effect in shaping and selecting further technological choices.

It follows from this, that the implementation of ‘precaution’ (or indeed any other regulatory principle) simply at the
level of the regulation of an individual technology or the licensing of investments may well come too late and at too
low a level to impact in any significant way on the established developmental trajectory of the technological system
as a whole. Sunk investments, standard-setting, corporate strategies and tacit knowledge typically conspire to make
decisions over the form of technological systems extremely difficult and expensive to reverse once committed. A
potentially far more cost-effective strategy would be to anticipate the possible regulatory difficulties at an early
stage of innovation and filter the selection process accordingly. This offers benefits both in terms of avoiding
unnecessary expense on the part of prospective developers and of enhanced ‘early warning’ on the part of society at
large - as discussed in the last section. If it is to be effective in these terms, then, the management of technological
risk needs to take place at the level of the ‘design principles’ for the networks and infrastructures into which
individual technological options are to be embedded. In this way, as in others, the wisdom of the old adage that “a
stitch in time saves nine” seems especially apt.

It is recognition of this fundamental feature of the dynamics of technology choice which has helped to inspire the
development over the past two decades, especially in the Netherlands, of the new approach of constructive
technology assessment. This is discussed in some detail in the Field Study by Rip. Although the phrase
‘constructive’ refers to insights arising in the academic study of the ‘social shaping’ of technology, constructive
technology assessment remains an essentially positive ‘modernist’ endeavour - seeking to improve the quality of the
technological choices made by society. Indeed, it sets out to increase the ‘robustness’ of new technological
developments in the face of social and environmental considerations in much the same way that an engineer seeks to
optimise the ‘robustness’ of a design in terms of more physical pressures. The term ‘constructive’ refers to two
features. First, the focus on the innovation and demonstration stages in technological development, rather than the
final market dissemination. Second, to the greater degree of pluralism in the range of perspectives that are typically
taken into account compared with orthodox technology assessment.

A further three key characteristics of constructive technology assessment are highlighted in the Field Study by Rip.
First, it has the objective of transcending the institutional separation between activities and procedures oriented
towards ‘promotion’ of a technology and those directed at its ‘control’. A central theme is that the anticipation of the
future effects of technology, as well as subsequent learning, should be integrated into the essentially promotional
processes of technology development and dissemination. This means that those involved in the activities of
technology regulation and control should directly participate in the design and development of new technologies.
Conversely, it also means an increased emphasis on the role of industry and other non-governmental bodies in the
management of technological risk. Although constructive technology assessment still provides for an important role
for government and its agencies as initiators and regulators of the modulation processes, this role is not exclusive to
government and can be taken up by other social actors.

A second major characteristic of constructive technology assessment is the aim of opening up the social and
institutional networks typically associated with innovation and technology development. Under normal
circumstances, decisions over the development of new technologies are usually undertaken within relatively closed
circles. Constructive technology assessment seeks to achieve the inclusion of a wider range of social actors at an
earlier stage in this process, thus allowing consideration to extend to a more diverse array of possible impacts at the
earliest stages of development and introduction of a new technology. This is a practice which many industry
organisations are themselves increasingly undertaking in different ways in different countries. Constructive
technology assessment seeks to establish and ‘modulate’ these processes in a more coherent and explicit fashion.

The third important characteristic of constructive technology assessment identified in the Field Study by Rip is the
explicit focus on the ‘modulation’ of risk discourses and social learning introduced in the last section. Because of the
irreducible forms of incertitude already discussed in this Report, it is recognised that the anticipation of impacts
should be an ongoing activity during the development and implementation of new technologies. All the actors
involved in the resulting discourse should be enabled to learn about the possible new linkages between the design
options, their associated emerging impacts and the demands and preferences of the envisaged users. This process of
social learning should go beyond simple questions of individual impacts and their respective responses and extend to
address wider questions of the political and social connotations of a technology and its acceptability in terms of
broader cultural values in society. And finally - as befits a discipline influenced by the social studies of technology -
there is an emphasis on the need for all actors to be ‘reflexive’ about their own role and that of others in the
processes of co-evolution of technology and society and of technology and its social impacts.
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Taken together then, all these characteristics combine to make constructive technology assessment - at least as
currently developed and practiced in the Netherlands - a rather broader, more strategic and more pervasive activity
than conventional technology assessment in the model of the former US OTA. Rather than focussing essentially on
awareness-raising, constructive technology assessment offers a new design practice under which the assessment of
impacts is fed back into the development of technology in an iterative and reflexive way and which retains an
explicit focus on social learning. It provides a concrete process within which questions such as the justification of
new technologies and their associated benefits (the so-called ‘fourth hurdle’) can be articulated with the more
familiar issues of impacts.

Although still at a relatively early stage, a number of specific technology management strategies have been
examined and developed under the broad framework of constructive technology assessment. Of these, two are
particularly relevant in the context of the present discussion of precaution. A strategy of ‘technology forcing’, for
instance, is concerned with procedures for the rapid development of new technologies in circumstances where this is
held to be required by some wider social or environmental imperative. The introduction of electric cars to mitigate
urban smog problems might be an example. Here, the strategy of ‘technology forcing’ begins with the firm
specification of a particular quality or target which has to be achieved. This is formulated on the basis of  a broad
pluralistic discourse, but then raises the question of the form of deliberate authority required to ensure
implementation across a range of divergent and cross-cutting interests.

A second generic technology management strategy formulated under the framework of constructive technology
assessment is called ‘strategic niche management’. This involves the establishing of a series of ‘experimental
settings’ - perhaps insulated from the full force of market competition or other selection mechanisms - within which
the development of particular new technological forms can be undertaken and their qualities  tested. Such an
approach also requires the orchestration of a diverse array of actors, but here the process focuses not on the
achievement of an externally imposed  target, but on the systematic exploration of the potentialities ad implications
of the new technology. The incremental process of strategic niche management allows those associated with the
development of a new technology gradually to learn and appreciate the implications for other actors of their
innovation. These third parties, in their turn, have the opportunity to engage in an informed discourse over the
implementation of a new technology in a contained fashion, without exposure at this initial stage to the polarising
effect of ‘all or nothing’ mass market dynamics.

The procedures of constructive technology assessment have been developed for some years in the context of the
regulatory regime in the Netherlands. To varying extents, they seek directly to address several of the key features
identified in this report to be associated with the implementation both of ‘scientific’ and ‘precautionary’ approaches
to the management of technological risk, including: broad-based appraisal, comparison of options, consideration of
benefits and justification, pluralistic discourse, stakeholder participation and social learning. There is more that can
be said about the practicalities of these issues (and these will be addressed again in Section 10). For the moment,
though, it can be concluded that, though constructive technology assessment falls far short of offering a panacea, it
does exemplify one coherent way in which the policy of “a stitch in time” has begun to be implemented in practice.
This should bear more detailed examination in any ‘scientific precautionary’ approach to the management of
technological risk.

9:  DON’T BURN YOUR BRIDGES OR PUT YOUR EGGS IN ONE BASKET

strategic factors in technology choice

Before turning to some of these more detailed practical issues, there is a second theme which should be briefly
discussed concerning the relationships between science and precaution (on the one hand) and the wider dynamics of
technology choice (on the other). This involves consideration of what might be termed ‘qualitative strategic factors’
in the development of technology. These are strategic properties of a technological system (such as flexibility and
diversity)  which should be taken into account alongside consideration of the associated impacts in arriving at any
final judgement over the balance to strike in regulation. After all, the commonsense conception of precaution in
everyday life lies not so much in aspirations to synoptic appraisal or efforts at omnipotent control, but rather in rules
of thumb, such as  “not burning the bridges” (flexibility) and “not putting all the eggs in one basket” (diversity).
These issues are addressed in the Field Study by Salo and that by Stirling.
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The particular strategic properties discussed by Salo are: flexibility, resilience, adaptability and robustness. Stirling
adds a more detailed discussion of diversity. These factors differ from the qualitative dimensions of risk discussed in
the Field Study by Stirling and that by Renn and Klinke (such as persistence, reversibility and gravity, cf: Tables 4
and 5) because they are properties of the technological systems themselves rather than of their effects. Some
working characterisations of these concepts based on those provided by Salo and Stirling are illustrated in Table 8.

Table 8: ‘Precautionary’ Strategic Factors in the Dynamics of Technology (after Salo and Stirling)

PROPERTY DESCRIPTION

diversity the retention in parallel of a series of different strategies for realising the same objective, involving the inclusion of
options which appear to perform less well as an insurance against changes in performance in other options.

flexibility the capacity to retain as many options for as long as possible in advance of commitment and (when commitments
are made)  to retain an ability to withdraw  without great penalty if prohibitive conditions arise

resilience the capacity to sustain performance under external perturbations, perhaps through preservation of the internal
structure (robustness), perhaps through adapting structures to changing conditions (adaptability).

robustness the capacity to  sustain performance under external perturbations by maintaining  an established
internal structure

adaptability the capacity to sustain performance under external perturbations by changing internal structures.

With respect to diversity, there exists a fairly well-developed literature which is briefly reviewed in the Field Study
by Stirling. Stirling notes that much of the activity in the regulatory appraisal of technological risks is aimed at
establishing the ‘tolerability’ or ‘acceptability’ of individual proposed investment, technology or policy against
some absolute metric (such as mortality, morbidity or monetary value). However, even on those occasions where
analysis extends to the comparative appraisal of a range of contending options, orthodox approaches to risk and
environmental impact assessment still typically tend to be aimed at the identification of the individual option whose
performance is rated highest under the metric in question. This is held to correspond with the identification of the
single relatively ‘best’ choice from the point of view of society as a whole. In this sense, current comparative
appraisal might generally be seen as a ‘first past the post’ approach – the ‘picking of winners’ in the regulation of
technological choices.

An important conclusion drawn earlier in this Report is that the notion of an objective ‘best’ choice from the point of
view of society as a whole is, in the most fundamental of scientific terms, highly problematic. Nevertheless, in
contemplating the intractabilities of ignorance and Arrow’s Impossibility, it is remarkable that the strategy of not
“putting all the eggs in one basket” offers a quite straightforward and robust response. Instead of aspiring (let alone
claiming) vainly to identify individual ‘optimal’ or ‘best’ choices from the point of view of society as a whole, the
management of technology might instead aim at the construction of portfolios of choices.  The pursuit in parallel of
a diverse portfolio of what are judged to be the better-performing options may at the same time accommodate
divergent value judgements and help to hedge against ignorance in appraisal. Although not reflecting deliberate
regulatory policy, such a state of affairs prevails for reasons of historical or geographical contingency in a variety of
sectors,, including energy, agriculture and transport. However, Stirling points to a literature under which a variety of
quite well-established formal characterisations of diversity have been developed in various fields, and yet which
remain curiously neglected both in the study and in the practical management of technological risk.

The remaining properties of flexibility, resilience, adaptability and robustness reviewed in the Field Study by Salo
(and defined in Table 8 above) are even less widely discussed in the literature. However, Salo is able to advance
some useful general observations. Although all these strategies offer means to hedge against intractable uncertainty
and ignorance concerning the future performance of technologies, they are not without their own difficulties. The
building in of a property of robustness, for instance, implies the effective anticipation of the form of future
conditions, if not their relative likelihoods. As such, though it offers a potentially effective response to uncertainty, it
does not address the essential attribute of ignorance (as defined in Section 5 of this Report) to the effect that certain
possible future conditions may be entirely unforeseen (and even unforeseeable). Likewise, the realisation of the full
value of the property of flexibility requires the sustained acquisition and assimilation of all pertinent performance
information. As with diversity, none of these strategies are without cost implications, at least in the short term.
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In identifying the broad form of these potential strategic responses to the problems of technological risk, this Report
is addressing a series of issues which remain relatively poorly explored in the wider literature. It seems likely that
these issues would be seen to warrant more substantive and extensive attention, especially in the context of the value
of constructive approaches to technology assessment discussed in the last section. This is especially the case, given
the  disproportionate weight of attention that is routinely devoted to addressing problems in the appraisal of
technological risk as distinct from the strategic responses in technology policy. However, for the moment, it is
simply the conclusion here that. the relative academic neglect of these issues should not be taken as a reflection of
their intrinsic lack of importance.

10:  DON’T THROW OUT BABIES WITH BATHWATER

systematic procedures and quantitative methods

In the discussion in previous sections of this Report concerning the ‘modulation’ of different forms of ‘risk
discourse’ and ‘social learning’, the concepts employed have been rather general and abstract in nature. It now
remains to provide a more concrete illustration of some of the practical measures which are available to implement
these strategies for achieving a framework for the management of technological risk which is at the same time both
‘scientific and ‘precautionary’ in nature (in the terms defined at the beginning of this Report).

In contemplating this challenge, it is important not to be unduly discouraged by the formidable scope and intractable
nature of the difficulties which have been documented here with respect to narrow risk-based approaches. Although
the conditions of ignorance, multidimensionality and incommensurability all serve to constrain and undermine the
applicability of orthodox risk assessment techniques, this should not be taken to imply that  they rule out the use of
all systematic or quantitative methodologies. Similarly, it should not be assumed that quantitative techniques offer
the only effective means by which systematic and robust conclusions can be drawn in appraisal in order to inform
the management of technological risk. While the criticisms of risk-based approaches advanced here are severe,
under-recognised and well-grounded, they should not prompt a nihilistic reflex in which the “baby is thrown out
with the bathwater”. Many existing and newly emerging methods and procedures show a great deal of promise and
potential for further development.

The first group of practical measures surveyed in this project are the techniques of decision and value trees and
multi-criteria, scenario and sensitivity analysis discussed in detail in the Field Study by Salo and (to a lesser extent)
that by Stirling. Some of the key attributes of a selection of these methods are summarised in Table 9. Many of these
techniques are conventionally employed in a fashion which runs counter to some of the findings of this Report. For
instance, there is tendency to employ these approaches in association with exclusively probabilistic characterisations
of incertitude, thus neglecting the conditions of strict uncertainty and ignorance discussed in Section 5. Likewise,
there is often an attempt to aggregate different perspectives in a fashion which fails to address the problems of
multidimensionality, incommensurability and Arrow’s Impossibility discussed in Sections 3 and 4. Nevertheless, all
the methods summarised in Table 9 can be employed in such a way as to avoid (or at least minimise) these problems
and yet retain their value as systematic means to explore and communicate the consequences of different possible
approaches to regulatory decision-making over risk. In short, both individually and in combination, such methods –
if employed carefully – offer a host of different ways of providing an ‘audit trail’ which links particular prescriptive
results obtained in analysis with the crucial determining assumptions associated with particular points of view.

Despite their merits in comparison with conventional narrow risk assessment, however, none of these methods can
solve the fundamental problem of appraisal. There can be no ‘analytical fix’ for the intrinsic subjectivity and open-
endedness of the ‘framing assumptions’ which underlie and determine the results of appraisal. In the end, the
justification for the adoption of any particular framing assumption in appraisal must lie in the degree to which this is
defensible in wider social, political and ethical discourse. What is needed, is a means to audit and verify this aspect
of appraisal.
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Table 9:  Some Systematic Approaches to Analysis which can be both ‘Scientific’ and ‘Precautionary’

  (after Salo and Stirling)

ANALYTICAL APPROACH SOME KEY CHARACTERISTICS

Decision Trees Focuses on relationships between sequences of decisions, their consequences and contingencies

Often used exclusively with probabilistic approaches, but can also be a more qualitative tool.

Tends often to be used in association with some of the other techniques mentioned below.

Value Trees Develops a single structure encompassing all values, criteria and priorities entertained by a group.

Each value, criterion or priority is  weighted to reflect its relative importance under each perspective.

Can be used to derive single overall weighting scheme, or to ‘map’ contrasts between different views.

Multi-criteria Analysis Combines weighted criteria with ratings of option performance under each criterion to derive rankings

Sometimes used to identify single course of action which optimises utility under all perspectives

Possible use in association with sensitivity analysis to ‘map’ relationships between inputs and results.

Sensitivity Analysis Systematic presentation of relationships between input assumptions and their consequent results.

Can be used to vary one parameter at a time, or to explore all permutations of parameter variations.

Offers a basis for presentation of appraisal results as systematic ‘maps’ rather than discrete values.

Scenario Analysis Systematic examination of different possible outcomes and contingencies which bear on a decision.

Can take a quantitative or a qualitative form as a flexible tool for exploring possibilities.

Need not provide a basis for analytical derivation of the ‘best’ scenario, option  or course of action.

This is where the second group of practical measures touched on in this project come in. For many years now, a
range of systematic deliberative procedures have been under development in many countries. These include (but are
not confined to) the consensus conferences, citizen’s juries, scenario workshops, focus groups and deliberative polls
whose key characteristics are summarised in Table 10. Founded in various forms of social theory and increasingly
well-tested in practice in many different sectors, such procedures are concerned with the systematic elicitation,
construction, exploration and (sometimes) development under learning of the divergent values and priorities
associated with different public constituencies and interest groups. As such, they provide  a means precisely to ‘fill
the gap’ in the use of analytical methods to address broad plural perspectives. It is only by inclusive deliberative
approaches such as these, that the regulatory process can hope to validate the particular sets of values, priorities,
framing assumptions and trade-offs which are explored and eventually adopted in the appraisal and subsequent
management of technological risks. For their part, on the other hand, the analytical techniques provide a means to
confer transparency and auditability within  deliberative approaches which might otherwise be lacking in these
essential qualities.

In short then, when taken together, the analytical methods and procedures for inclusive deliberation summarised
here (and discussed in more detail in the Field Studies) offer ways simultaneously to help achieve the qualities
associated (in Tables 1 and 2) with both ‘scientific’ and ‘precautionary’ approaches. They are systematic in nature,
readily subject to peer review and provide an effective framework for learning,  whilst also addressing criteria of
transparency, scepticism, independence, accountability and openness to learning which were held to be key
characteristics of a ‘scientific’ approach to the appraisal of technological risk. At the same time, the analytical
methods and deliberative procedures  summarised here are also entirely consistent with the objectives of broadening
the scope of appraisal, maintaining a focus on alternative options, including a plurality of social perspectives,
acknowledging ignorance and considering benefits as well as risks which are held to be crucial elements of
‘precautionary’ approaches.
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Table 10:    Some Systematic Procedures  for Inclusive Deliberative Appraisal

      (after Renn & Klinke, Rip, Salo and Stirling)

APPRAISAL PROCESS SOME KEY CHARACTERISTICS

Consensus Conferences Typically involves less than twenty individuals, usually selected on the basis of a random  process,
stratified to account for basic demographic factors.

Involves a series of meetings over a protracted period of time, to which representations are made
by different interests groups and specialist witnesses called to a final public conference, with
participation by the audience and attendance by the media.

Consensus is regarded as a desirable outcome, but (depending upon the context) is often not a
requirement – the expression of dissenting views being possible in the final report.

Citizen’s Juries Typically involves less than twenty individuals, usually selected on the basis of a random  process,
stratified to account for basic demographic factors.

Involves a series of meetings over a protracted period of time, which are generally more private
than those of a consensus conference, with specialist witnesses being called, but no final public
conference or media involvement.

Generally less focused on achievement of a consensus than a consensus conference – dissenting
minority reports may be written.

Scenario Workshops Similar model to citizen’s juries, but making use of scenario techniques to envisage favoured and
adverse outcomes under different perspectives and circumstances with an emphasis on the
construction of a consensual vision of a desirable outcome or course of action.

Focus Groups Typically involves less than twenty individuals, usually deliberately selected on the basis of finely-
formulated demographic or other criteria.

Structured discussion of a bounded topic by a small group of selected individuals under the
moderation of a trained facilitator with full transcripts recorded and analysed and conclusions drawn
by specialists.

Deliberative Polls Typically involves more than twenty individuals, usually selected on the basis of a random  process,
stratified to account for basic demographic factors.

The eliciting of opinions by systematic questionnaire protocols augmented by some form of
interactive process, with sampling often performed both before and after deliberation.

Strategic Niche
Management

Involves a variable number of different social actors with a manifest interest in the configuration of
an emerging technology or technological system.

Iterative and reflexive interactions, appropriately ‘modulated’, take place in a variety of ways and
over the protracted period of development of the technology in question in a protected niche market.

There is undoubtedly considerable scope for further work in exploring the best means to exploit and combine these
and other procedures and techniques and to articulate them with orthodox risk assessment where appropriate. The
details of the application of such approaches will vary from case to case and jurisdiction to jurisdiction. Rather than
being a matter on which firm ex ante prescriptions can be made, the precise configuration of an appraisal regime
based on these approaches must properly be determined by the kind of open and inclusive ‘design discourses’
discussed in the Field Study by Rip and that by Renn and Klinke and summarised earlier. In particular, the approach
of strategic niche management provides one specific context for the articulation of these procedures with the more
conventional techniques of constructive technology assessment. In the end, of course, though they may inform,
enrich and render the appraisal process more robust, the final justification of regulatory decisions can lie neither in
the ‘objectivity’ of analysis nor the ‘authority’ of associated deliberative procedures but must rest (in democratic
societies) with institutional legitimacy and political accountability. For the moment, however, it seems clear that,
even at this general level, there already exist many concrete ways of acting on the rather abstract imperatives for
improved ‘modulation’ and ‘social learning’ in the management of technological risk.
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11:  HORSES FOR COURSES

the diversity of  technological risks

Thus far, the discussion in this report has focused on the role of science and precaution in the management of risk
only at a fairly general level. The points made so far concerning the pluralistic  character of technological risk, the
limitations of ‘narrow risk’ approaches and the need for more inclusive approaches to appraisal and regulation all
apply (to varying degrees) across the full spectrum of technological risks. However, in seeking to apply these
general findings in the practical context of real regulatory decision making, there must be some discussion of the
(sometimes radical) differences between the characters and contexts of the many diverse effects which are
conventionally lumped together as ‘risk’. Although the basic principles may be the same, it is highly likely that
some regulatory instruments and measures will be more appropriate than others in different contexts. In short, it
must be recognised that there are “horses for courses”.

The Field Study by Renn and Klinke takes the lead role in the present project in systematically distinguishing the
different forms of risk. Drawing principally on wide-ranging research undertaken by these authors for the German
Government’s Advisory Council on Global Change (WBGU), their approach is based on the eightfold scheme of
criteria discussed in an earlier section of this report (and displayed in Table 5). Despite the reduced form of this
scheme in comparison with the full range of qualitative dimensions often recognised in the characterisation of risk
(see Table 4), Renn and Klinke argue that for practical purposes it captures the key aspects of  the different
dimensions of technological risk. Indeed, they conclude  that, in practice, the properties of ‘ubiquity’ (geographical
extent), ‘reversibility’ (potential for restoration), ‘delay’ (latency of manifestation), ‘persistence’ (duration of harm)
and ‘mobilization potential’ (political sensitivity) all tend to be quite closely correlated with the other three criteria.

In this way, it emerges from Renn and Klinke’s analysis that – whilst acknowledging the difficulties with simplistic
reductions – the straightforward criteria of ‘magnitude’ (scale of harm), ‘probability’ (likelihood of harm) and
‘uncertainty’ (in magnitudes or probabilities) do in themselves provide a potentially useful starting point in
distinguishing between different types and contexts of technological risk. In the spirit of the accompanying analysis
in this report, then, the resulting taxonomy of risks is presented here as a heuristic (a framework for discussion)
rather than as an assertion of a definitive final characterisation of the different forms of technological risk.

The basic way in which the registering of ‘low’ or ‘high’ values to each of the criteria ‘magnitude’, ‘probability’ and
‘uncertainty’ yields the six main categories of risk is summarised (together with key correlations with other criteria
and examples) in Table 11 below. For ease of exposition, Renn and Klinke name each category after a character in
Greek mythology, the attributes of whose myth their own characteristics most closely evoke. In this fashion, they
identify Medusa-, Damocles-, Cassandra-, Cyclops-, Pythia- and Pandora-style risks.

Table 11:  A Heuristic Taxonomy of Different Classes of Technological Risk  (after Renn and Klinke)

NAME PROBABILITY MAGNITUDE OTHER EXAMPLES

Medusa low low (high mobilisation) Electromagnetic fields

Damocles low high dams, nuclear power, large chemical plants

Cassandra high high (high delay) global ecology, currently committed global warming

Cyclops uncertain high Weapons of mass destruction, AIDS

Pythia uncertain uncertain BSE, GM crops,  continued growth in global warming

Pandora uncertain uncertain (high persistence) POPs, endocrine disrupters

When seen as a heuristic, one of the merits of Renn and Klinke’s scheme is that the central threefold distinction
between ‘magnitude’, ‘probability’ and ‘uncertainty’ admits a fairly ready graphical conceptualisation. Under a
regulatory paradigm which is now well-established throughout Europe, the tolerability  of risk is conventionally
represented as a convex curve on a plot of ‘magnitude’ against ‘probability’. The different risk classes resolved by
Renn and Klinke can be plotted in broad comparative terms on such a chart, with ‘uncertainty’ represented by the



32

relative spread of each risk domain on the two axes. Such a diagram is reproduced as Figure 6 below. In this view,
the aim  of risk regulation is to move the various types of risk progressively further down into the regions of
tolerability and negligibility near the origin.

Figure 3:  A Graphic Representation of the Heuristic Risk Taxonomy  (after Renn and Klinke)

Renn and Klinke employ their taxonomy as a means to structure a fairly detailed discussion of the different domains
of applicability of various risk regulation instruments for reducing the potential for harm, improving knowledge and
preparedness and managing the consequences when they arise. Discussion of such instruments is picked up in the
final section of this report. For the moment, the key point is that Renn and Klinke use their scheme to draw general
conclusions about the broad style of risk management that might be appropriate in different contexts.

For instance, Renn and  Klinke identify Pythia-, Pandora- and (to a lesser extent) Cyclops-style risks as conditions
under which a more strongly precautionary strategy might be seen to be justified by the relatively high uncertainty.
Examples of this kind of risk include weapons of mass destruction, AIDS, BSE, POPs, endocrine disrupters, GM
crops and continued growth in global warming. In the terms introduced in an earlier section of this report (also
drawing on the Field Study by Renn and Klinke), this might be an area where broad social ‘reflective’ discourse and
essentially political ‘design’ discourse might be expected to predominate in the wider debate over the management
of risk.
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Examples of Damocles-style risks identified by Renn and Klinke include hydroelectric dams, nuclear power stations
and large chemical plants. Here, the  relatively low uncertainty but high potential harm which they recognise to be
displayed by these risks are seen to warrant more traditional ‘narrow risk’ approaches to risk management.
Accordingly, they might expect to find a corresponding emphasis on an expert-centered ‘cognitive’ discourse in the
regulation of such risks.

Under Cassandra- and Medusa-style risks, there is a degree of convergence, but for very different reasons. With
Cassandra-style risks (such as global ecological disruption and the consequences of currently committed levels of
global warming) the jointly high magnitudes and probabilities of harm tend to be ignored due to the associated delay
effects. With Medusa-style risks (such as electromagnetic fields), on the other hand,  what Renn and Klinke hold to
be essentially ‘harmless’ consequences are nevertheless the object  of considerable political sensitivity. In both
cases, the authors emphasise the application of ‘educational discourses’ for awareness raising and social learning of
the kind discussed in an earlier section of this report.

Renn and Klinke’s Field Study goes into considerable further detail in elaborating on these themes. For present
purposes, however, the implications are clear. Even on the basis of a rather restricted set of criteria, it is possible to
construct a potentially useful heuristic taxonomy of recognisably different types of risk. Such a scheme may then
serve the very useful function of going beyond broad generalisations and providing a framework for discussion of
the applicability of individual approaches in specific instances. Renn and Klinke readily concede that there might be
scope for dispute over the assignment of individual risks under their scheme. An example might be nuclear power
which, under many viewpoints, is regarded to incur the type of uncertainties that would justify it’s classification in
the Cyclops category, thus warranting attention more by ‘reflective’ than by ‘cognitive’ discourse.

Renn and Klinke also acknowledge that the particular taxonomy which they have constructed might be subject to
development or change by further empirical research into social values and continuing ‘reflective discourse’. In
particular, for instance, it might be that inclusion of the ‘trust’ factor (omitted from their defining criteria but
prominent among the dimensions of risk reviewed in Table 4) would lead to a somewhat different partitioning of the
various technological risks. Even so, the essential point arising from Renn and Klinke’s work remains clear
Different risks are all distinguishable at some level one from another. Stylised taxonomies and heuristic schemes
greatly assist in clarifying the all-important processes of deliberation and communication on these themes. In the
end, however, whether under a ‘precautionary’ or a ‘narrow risk’ approach, there is a sense in which each individual
risk must be addressed irreducibly and in its full context. There remains an important need – and an enormous
potential – for systematic efforts to map the different forms of technological risk.

A final important point with regard to the practical operationalising of a risk taxonomy heuristic such as that
developed by Renn and Klinke, is that both the development of the basic framework and the assigning of individual
risks within the resulting scheme will remain a matter for ‘design discourse’ and ‘social learning’ of a kind
described earlier in this report. In other words, the requirements to recognise a plurality of rationalities, to
acknowledge the limitations of ‘narrow risk’ approaches and to provide for more inclusive engagement in the debate
over regulatory policy all apply as much in the design of the overall approach as they do in its implementation. This
said, the conclusion which arises most strongly from the work of Renn and Klinke is that the practical appraisal of
technological risk can (and should) pay as much careful attention to qualitative issues of social values and priorities
as they do to the quantification of probabilities and physical magnitudes.

12:  WALK BEFORE YOU RUN

incremental approaches to precaution

It has already been noted that individual technological risks should – in the end – be addressed in the light of their
own specific contextual circumstances. Similarly, a theme which emerges in all the Field Studies is the need to
recognise that, rather than being partitioned into simple dichotomous groups  according to their ‘precautionary’ or
‘narrow risk’ nature, all regulatory instruments lie on a continuum. The degree to which the regulation of
technological risk imposes a restrictive or a permissive environment for the pursuit of particular technologies need
no more be constant over time than it is across technologies. As is emphasised in the Field Study by Rip, the
precautionary character of a risk management regime can be varied incrementally. This can be achieved in a
‘tightening’ fashion (starting with the least stringent regime and becoming progressively more restrictive), or in a
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‘loosening’ fashion (starting with the most restrictive regime and gradually relaxing over time). In this way, there
exists a further ‘meta-level’ for the implementation of precautionary approaches to the management of technological
risk – applying not only in the choice of individual instruments but also in the direction in which the character of the
regulatory framework responds to the unfolding process of social learning. In this sense, a precautionary approach
might be associated with the adoption of the motto “walk before you run” in the development and implementation of
new technologies.

Table 12:   Incremental Measures for the Implementation of Precaution  (after Stirling)

AREA MEASURES

Appraisal
Disciplines

• Maintain independence from sponsors and other conflicts of interest.

• Address all ‘life cycle’ stages and all effects, including long term, indirect, cumulative and synergistic factors.

• Take account of a full range of relevant options (including complete inaction).

• Allowance of a ‘margin of error’ (in favour of the environment)

• Conduct ‘ignorance audits’ and apply ‘minimax’ criteria

• Emphasise deterministic ‘sensitivity envelopes’ rather than elaborate stochastic modeling.

• Freedom of information, transparency, inclusiveness and extended peer review in the working of scientific panels.

• Subject to inclusive procedures for prior consultation and open negotiation involving all interested parties.

• Validation of framing assumptions by consensus conferences, scenario workshops and  citizens juries

• Express results not as discrete numbers but in terms of sensitivities to uncertainty and divergent assumptions.

Capacity
Building

• Ensure dissemination of best practice with regard to hazard containment and technical protection measures.

• Implement training and education in commercial, regulatory, policy-making bodies as well as in wider society.

• Develop detailed emergency planning provisions for all relevant sites and contingencies.

• Maintain long term monitoring programmes to ensure compliance and provide baseline data.

• Pursue active research and development to reduce risks and develop alternative less risky options

Commercial
Strategies

• Pursue a policy of ‘total quality management’ throughout business.

• Implement programmes for monitored ‘continuous performance improvement’.

• Continuous educational and training programmes within business.

• Conduct ‘waste prevention audits’ in all areas of business.

• Adopt a policy of ‘duty of care’ with regard to all products.

• Commit to long term surveillance and monitoring, with feedbacks to regulatory and management practices.

• Undertake full provision of consumer information by means of audited labeling schemes.

Financial
Instruments

• Introduce ‘incentive-based’ economic instruments such as ‘green taxes’ and ‘tradable permits’.

• Establish and enforce mandatory insurance provision including minimum capacities and all products.

• Ensure efficient, timely and equitable compensation of those suffering damage.

• Shift away from fault-based liability towards a ‘strict’ or ‘absolute’ regime.

• Allow exoneration under a ‘strict’ regime only on demonstration of ‘due diligence’.

• Uphold responsibility of beneficiaries by channeling liability to investors, financiers, suppliers or contractors.

• Introduce product ‘take back’ schemes.

• Adopt flexible financial measures like ‘restoration requirements’, ‘deposit-refund schemes’ and ‘assurance bonds’.

• Segregate funding for decommissioning and restoration or ‘worst case’ compensation and remedial action.

Legal
Provisions

• Adopt ‘safe minimum standards’ (back-stop safeguards based on strictest health or environmental models).

• Recognise principle that “lack of evidence of harm is not the same as evidence of lack of harm”.

• Impose a ‘reverse onus’ of proof in favour of human health and the environment.

• Require prior informed consent to all potentially hazardous activities by individual states.

• Establish personal legal responsibility of individual decision makers.

• Base regulation on ‘reverse listing’ (under which only specified activities are permitted).

• Use ‘evidentiary presumptions’ (eg: persistence, toxicity and bioaccumulation as proxies for unacceptable impact)

• Standardise international action by imposing on all treaty parties the measures of the most precautionary party.

• Adoption of mandatory time-tabled ‘forcing targets’  (derived by ‘back-casting’ bans or phase-out schedules).
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Drawing on the literature reviewed in the Field Study by Stirling, Table 12 summarises a series of regulatory
measures which are identified as representing varying degrees of precaution in the management of technological
risk. The specific measures are grouped into the broad areas of appraisal disciplines, capacity building, commercial
strategies, financial instruments and other legal provisions. As well as some less well-known measures, they include
a wide range of permutations on the relatively prominent themes of consultation, freedom of information, planning,
research, monitoring, corporate responsibility, compensation, tax incentives, insurance, liability, criteria of best
practice, minimum standards, phase-outs and the burden of proof.

The crucial issue, of course, is to establish the applicability of these and other different measures under different
contexts and with respect to different types of risk such as the six broad categories discussed in the previous section.
How to decide which instruments are most appropriate in each case? What are the precise implications of their
implementation? How might they interact? To what degree might the different measures actually be seen as more or
less ‘precautionary’ in different contexts? Such questions are, of course, the subject of an enormous literature in
their own right (some of which is referred to in the Field Study by Renn and Klinke and that by Stirling). The
answers lie well beyond the scope of the present small conceptual project. However, the research reviewed in this
report does lead to a number of concrete conclusions concerning the type of quality criteria which might be applied
to this process of deliberation over the appraisal of technological risks and the determination of regulatory
responses. These are outlined in the final section which follows.

For the moment, the key point which arises in this overview of the spectrum of ‘precautionary’ and ‘narrow risk’
approaches is the sheer diversity of regulatory options. The variety matches (and even exceeds) the manifest
diversity of different types of risk. Taken together with the discussion in this report so far, two significant
conclusions flow from this observation.

First, the importance of factors such as divergent contexts and interests, plural values and rationalities, intractable
uncertainties and ignorance,  the imperatives of social learning and the under-determining character of science –
each documented in some detail in this report – all militate against the definition of a single monolithic scheme for
thinking about the regulatory options for the management of technological risk. No matter how broad and exhaustive
the research and consultation, the task of determining the specific applicability and implications and the relative
degree of precaution associated with each of the available measures (such as those listed in Table 9) is not a matter
on which there can be a single definitive or even uniquely authoritative conclusion. This business, as with the
appraisal of technological risk itself, must be a matter for Renn and Klinke’s socio-political ‘design discourses’,
Rip’s ‘antagonistic co-ordination’ and ‘open-ended learning’ and Stirling’s ‘inclusive deliberation’.

Second, while the implementation of such procedures might aim to be systematic, consistent and robust, the result is
likely to be a certain diversity – yielding a variegated patchwork of outcomes across different risk types, socio-
political contexts, nation states and other polities. There is nothing in such a vision which precludes the establishing
of certain uniform – even universal – ‘architectural provisions’ (what Rip terms ‘constitutional rules) in the
regulation of technological risk. Examples  might include minimum standards, labeling provisions or compensation
levels. However, it seems unavoidable that, if adopted on a wide scale, a more deliberative and inclusive approach to
the management of technological risk would lead to a more diverse mosaic of practices than that which is usually
associated with current drives towards harmonisation and globalisation. It is here that we face the profound
implication. For it seems that a necessary consequence of recognition of plural interests and values and multiple
possibilities in the management of technological risk is the acceptance (indeed, celebration) of a certain minimum
level of interpolity pluralism on the European and global political stage. A sensitivity to the prevalence of different
sets of values, interests and priorities in different political, cultural and geographical contexts will lead inevitably to
the manifestation of different regulatory outcomes under different jurisdictions. This is not the place to explore this
implication in any detail, but it must be noted as a potentially crucial issue in discussions over approaches to
technological risk which aim at the same time to be ‘scientific’ and ‘precautionary’.
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13:  QUALITY CRITERIA

for a scientific precautionary approach to the management of technological risk

The purpose of the present report was to examine, in an open-minded and interdisciplinary fashion, some of the key
conceptual issues arising in the application of ‘science’ and ‘precaution’ to the management of technological risk
and to draw some practical conclusions for policy making. It is clear from the attention given in the foregoing
discussion to the importance of context, pluralism and discourse that there can be no single monolithic body of
methodological or procedural prescriptions. However, a number of quite specific and coherent operational principles
emerge from this analysis which, taken together, offer a concrete basis for practical policy recommendations.

The resulting ‘quality criteria’ provide a first step towards a common framework for the evaluation both of the
‘scientific’ and the ‘precautionary’ elements in the regulatory appraisal of technological risk. They offer a series of
benchmarks against which the quality of individual instances of regulatory appraisal  - or the associated
methodologies, procedures and institutions - might themselves be appraised. The implementation of such criteria in
progressively more concrete operational terms should assist in the task of developing approaches to the regulatory
appraisal of risk which are at the same time both ‘scientific’ and ‘precautionary’.

Accordingly - organised according to their relevance to the ‘regulatory process’, ‘appraisal methodologies’ or
‘regulatory instruments’ - the twenty six bullet points listed below provide a snapshot summary of some of the key
operational themes raised in this report and the research on which it draws. Further details of the implications and
rationale for each item may be found in the text of this Report.

REGULATORY PROCESS

• Humility: Maintain a culture of humility in the face of the many sources of uncertainty and
ignorance in appraisal as well as to subjectivity in framing assumptions. Avoid
claims to complete or otherwise definitive knowledge.

 •  Candour: Acknowledge the necessarily subjective character of assumptions adopted in the
framing and interpretation of risk - avoid claims to definitive 'objectivity', 'rigour' or
uniquely 'scientifically sound' status.

•  Inclusiveness: Complement and inform analysis with procedures for inclusive participatory
deliberation by stakeholders, such as consensus conferences citizen's juries, focus
groups and deliberative polls.

• Learning: Make explicit provisions for social learning at all stages and levels of the regulatory
process, not just in educational discourse, but in expert and stakeholder
consultations as well as in deliberation over institutions and regulatory process.

•  Tolerance: Recognise the value of contention and dissent as a means to quality control in wider
discourse over risk, much as organised scepticism serves as a quality control
mechanism in science. Avoid aspirations to the appearance of consensus.

•  Constructiveness: Insofar as possible address appraisal processes at the earliest stages of innovation in
order to influence the ‘architectural’ principles of technological systems and
networks as well as the specific details of individual designs.

• Niches: Where markets impede dissemination, consider the techniques of constructive
technology assessment as a way to experiment with the probationary deployment of
different forms of favoured technologies under contained and controlled conditions.

•  Coherence: Ensure that, where adopted, overarching ‘design principles’ (such as ‘precaution’)
pervade all aspects and levels  of the regulatory process, including those relating to
specific decisions, institutional culture and the constitution of the process itself.

• Accountability: Uphold the primacy of institutional legitimacy and political accountability (rather
than the ‘objectivity’ of analysis or in the ‘authority’ of due process) in the final
justification of regulatory decisions.
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• Diversity: Accept that one likely consequence of the quality criteria listed here is the
emergence of a degree of global diversity in the character of (equally ‘scientific’ or
‘precautionary’) regulatory regimes adopted by different polities.

APPRAISAL METHODOLOGIES

•  Completeness: Broaden the scope of the regulatory appraisal of technological risk to address
cumulative, additive, complex, synergistic and indirect effects as well as more
direct causal processes.

•  Benefits: Include in appraisal some systematic consideration of the benefits claimed for a
technology as well as any associated adverse effects, in order to allow
determination of ‘net’ benefits under different contexts..

• Comparison: Conduct appraisal on a comparative rather than a case-by-case basis, including
account of a variety of technological and policy options and the cumulative effects
across different cases.

• Precision: Avoid the expression of numerical data with levels of precision which obscure the
limits to the accuracy of the underlying analytical methods or the sensitivity of their
results to divergent framing assumptions.

• Mapping: Express appraisal results not as single discrete numerical values, but using
sensitivity analysis systematically to 'map' the consequences of different value
judgements and framing assumptions using methods like multi-criteria analysis.

• Auditability In combining account of scientific and social information use techniques which
allow the detailed auditing of derived results in relation to the inputs (eg: decision
analytic methods like value trees, multi-criteria models and scenario techniques).

• Transparency: Prioritise the qualities of transparency and simplicity in selecting appraisal methods.
Avoid models and procedures with large numbers of hidden variables and factors.

• Extended Peer Review: Extend peer review of technical methodologies and scientific information and
models to a wide community of specialists associated with the full range of
stakeholder perspectives.

• Active Search: Undertake systematic measures to document nature and extent of incertitude by
means such as 'ignorance audits' and broad ranging scientific literature review to
inform the use of  methodological tools like 'error margins' and 'minimax criteria'.

REGULATORY INSTRUMENTS

• Proportionality: The costs and other adverse effects incurred by regulation or the implementation of
precautionary strategies should be affirmed by inclusive deliberation to be
proportional to the wider social and environmental benefits thereby realised.

• Expediency: The scale of the effort and resources expended in the appraisal and regulatory
process itself should be affirmed by inclusive deliberation to be commensurate with
the magnitude of the associated benefits thereby realised or the harms avoided.

• Flexibility: Distinguish on the basis of inclusive deliberative procedures between various types
and magnitudes of risk and establish this as a basis for differentiated, incremental
and adaptable application of different instruments in different regulatory contexts.

• Predictability: Establish a process which is as stable and predictable as possible for technology
developers with respect to specific forms of technological risk (making use of
explicit schemes for differentiation between forms of risk).
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• Strategic Vision: Instruments should be focussed on the dynamics of portfolios of technologies rather
than on individual static options. Account should be taken of dynamic factors in
technological strategies, like flexibility, resilience, robustness and adaptability.

• Portfolios Focus regulation on the management of portfolios of technologies which
collectively achieve the desired performance levels while retaining sufficient
diversity to permit accommodation of different perspectives and hedge ignorance.

•  Monitoring: Make adequate provision for the monitoring of compliance and ensure monitoring
results are an integral part of subsequent deliberation over comparable risks and
regulatory instruments.

• Open-endedness: Allow iteration, reflexivity and open-endedness in the interactions between
sustained scientific monitoring, continued analysis and inclusive deliberation in
appraisal. The process is never definitively complete.

14:  CONCLUSION

This project was formulated on the basis of a distinction between ‘precaution’ and ‘science-based regulation’.
However, it has been shown that this constitutes a false and misleading dichotomy. A more valid  and useful
distinction might be made between the relatively ‘narrow’ basis for regulation provided by risk assessment and the
relatively broad framework associated with ‘precaution’. While they are distinguishable under a variety of criteria
and social values, these approaches might be seen to be equally ‘scientific’ in nature (under a minimal
characterisation of the connotations of ‘science’). However, where the characterisation of ‘science’ is extended to
include an acknowledgement of the multidimensional scope of risk, the incommensurability of different classes and
aspects of risk and the formal conditions of strict uncertainty and ignorance (rather than just the narrow formal
concept of risk), then it is the ‘precautionary’ approach which is revealed as being the more ‘scientific’.

This theoretical discussion is backed up in an empirically-based review of the degree of variability and ambiguity
displayed by the results of orthodox narrow risk assessment methods. While risk assessment may appear to yield
precise prescriptive results in the context of an individual tightly-framed appraisal, this apparent coherence breaks
down rapidly when consideration focuses on the scope for divergent methodological conventions, analytical
boundaries or subjective priorities adopted in the risk assessment  process. It emerges that far greater and more
systematic attention needs to be paid to the formulation of these exogenous and intrinsically subjective ‘framing
assumptions’ and to their validity in the context of the values and priorities upheld under different perspectives in a
pluralistic society.

There flows from these findings a series of important operational implications for the practical business of managing
technological risks. Science is found to be under-determining of regulatory decisions – providing a necessary but not
sufficient condition for the effective management of technological risk. An essential complement to the science lies
in the development of institutions and procedures for the fostering of social learning in different forms of discourse
over risk and, in particular, for the provision of vital contextual information on values and priorities to inform the
framing of the science itself. As part of these discursive processes, it is clear that there exists a positive role for
dissent as well as for the recognition of consensus where this arises. Likewise, it appears that there already exist a
series of potentially useful management strategies, such as those  developed in the emerging field of constructive
technology assessment. However, regulatory techniques for dealing with crucial properties of technology strategies
like diversity, flexibility and resilience remain at a rudimentary level and warrant further attention.

In conclusion, it s possible to identify a range of specific techniques and quantitative methods which offer practical
ways to address the deficiencies of narrow risk approaches (including decision analytic and scenario methods as
well as a crucial role for sensitivity analysis).  A variety of discursive procedures are also available (such as
consensus conferences, citizen’s juries, focus groups and deliberative polls) which offer systematic ways of
providing the vital information on values and priorities required to complement and frame the science of risk
assessment. Using techniques such as these alongside the established insights of risk assessment, much can be done
to establish better understandings of the different forms and dimensions of technological risks as a basis for the
implementation of incremental regulatory instruments embodyig varing degrees of ‘precaution’. Although the
specific outcomes of such a regime have yet to unfold, it seems that the broad shape of a regulatory approach to the
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managment of technological risk which is at the same time ‘scientific’ and ‘precautionary’ can already be discerned
with some confidence.
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GLOSSARY

additive effect an environmental or health effect arising from the addition of one incremental burden to a different
pre-existing burden.

antagonistic co-ordination the way in which a healthy level of social contention and dissent on risk issues can serve as a focus
for learning and productive policy discourse

cognitive discourse a form of social discourse over risk concerned with the establishing of the scientific and technical
aspects of risk, based on specialist understandings.

constructive technology assessment a strategic form of technology assessment developed mainly in the Netherlands  under
which an emphasis is placed on the inclusion of plural perspectives and on influencing the early
process of innovation

cumulative effect an environmental or health effect arising from the accumulation of successive burdens of a particular
type over protracted periods.

design (planning) discourse a form of social discourse over risk concerned with the legitimating and constitution of risk
management institutions and procedures.

educational discourse a form of social discourse over risk concerned with the transfer of information from one constituency
to another, either in relation to scientific and technical details, or with respect to values and interests.

framing assumptions a collective term for the various exogenous determinants of the results of analysis, such as the scope
and boundaries, the emphasis placed on different factors, the adoption of different methodological
conventions and the treatment of uncertainty and ignorance’

ignorance a precise technical concept which is as well-founded in probability theory as the concept of risk and
which refers to a situation under which it is possible neither to assign probabilities nor even to define
all possible outcomes.

incertitude a term introduced in this Report (after Stirling) to encompass the formal concepts of ‘risk’,
‘uncertainty’ and ‘ignorance’.

incommensurability a property displayed where multi-dimensional attributes cannot be characteristics under a single
criterion or metric.

indirect effect an environmental or health effect arising from interactions between one or more agents of harm
associated with a particular burden and other contingent environmental or health factors.

modulation the deliberate process of harnessing through careful policy intervention the potential benefits of
antagonistic coordination and promoting open ended social learning

narrow  risk approach an approach to the management of technological risk based entirely on risk assessment, without
addressing factors (raised in this Report) like multi-dimensionality, incommensurability and ignorance.

precautionary approach an approach to the management of technological risk which directly addresses the problems of multi-
dimensionality, incommensurability and ignorance, displaying properties such as a broad framing,
inclusion of multiple perspectives, humility about knowledge, an openness to alternatives,
consideration of benefits as well as placing the proof burden on advocates of a technology (rather
than the sceptics) and emphasising the rights of wider society rather (than those of industry).

precautionary measures specific methods, techniques, instruments or measures which, when viewed in context, qualify as a
means to the implementation of a wider precautionary approach.

precautionary principle the adoption of a precautionary approach as an explicit  formal element in the design of conventions,
treaties, legislation, institutions or other statutory instruments associated with the management of
technological risk.

reflective discourse a form of social discourse over risk concerned with the framing and interpretation of appraisal by
reference to different social values and interests

(decision) risk a precise technical usage of the term ‘risk’ to mean a situation under which it is possible to define all
possible outcomes and confidently assign a probability to reflect the likelihood of each outcome.

(technological) risk broad colloquial usage of the term ‘risk’ to mean the general property of threatening adverse impacts
or effects

risk repertoires the way in which different public constituencies and interest groups construct different risk rhetorics,
for instance labeling risks using different ‘naming myths’.

science based regulation the notion (contested in this Report) that the regulation of risk can be exclusively based on ‘science’
(by which is usually meant the techniques of narrow risk assessment)

sound science a notion (refuted in this Report) that there is a single definitive model for the conception and practice
of science (especially in relation to risk management) and that there ca consequently only ever be a
single monolithic ‘scientific’ picture of any individual risk.
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strategic niche management  a strategy formulated under constructive technology assessment for the probationary development of
particular favoured technologies in well-defined ‘niches’, protected from wider market pressures.

synergistic effect an environmental or health effect arising from the interactions between different agents of harm
associated with a particular technological risk.

(strict) uncertainty a precise technical usage of the term ‘uncertainty’ to mean a situation under which it is possible to
define all possible outcomes but where there is no basis for the confident assigning of probabilities.
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