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Abstract

Technology Assessment (TA) as a discipline incltatesr different approaches and me-
thods. Traditionally, the discipline focused oneftaisting, impact assessment and policy
studies. Later more process oriented approacheg w@eveloped, such as Constructive
Technology Assessment (CTA), which aimed explatiilyfluencing the shape of new
technologies. Although the new approaches havdysangiched the field of Technology
Assessment, the scope and variety of the fielintasased, particularly concerning its
methods. These range from trend extrapolation alphd's to interventions in innovation
networks and consensus conferences.

This paper aims at classifying the approaches aathods of TA into a common framework.
Distinctions are made between methods of analygistervention methods, and between
methods functioning as project lay-out and merdstddoreover, some criteria are formu-
lated for the choice of methods. In this way, tApgy attempts to increase the coherence of
the field of Technology Assessment, and to makeri¢ transparent to non-practitioners
such as scientists and engineers, government eagd@nd members of civil movements.

I ntroduction

In the past decades Technology Assessment has bexbmoad field of activities, including
studies about, and interventions in the developraktechnology and its social aspects. Most
famous are the studies of the US Congress Offidgohnology Assessment. The 1994
elections created a Republican majority in US CesgirUnfortunately, the Republicans
decided to show their determination in keepingrti@ontract with America" by cutting their
own Congress services budget. As a result, OTAakatished (Coates, 1995, Kunkle,

1995). However, this certainly is not the end cht®logy assessment. On the contrary,
various TA institutions have been founded all anerworld and the ITA in Washington is
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trying to keep the OTA spirit alive in the USAThere are even activities in research organi-
zations and strategic departments of corporatioaisdould be seen as technology assess-
ment. Moreover, various new and creative approakhes been developed to further
democratic decision making on technology.

Recently, so called Constructive Technology Assesdnmitiatives belong to the field (Rip et
al., 1995, Schot, 1992). Although objects and aifrthie activities vary, they have in
common that they concern current and future devedoyts of technology, and that they aim
at improving the alignment between technological societal developments, whereby
societal developments include the activities opooations.

The methods applied in the field of Technologyésssnent are as diverse as the field
itself. They range from forecasting studies torveations in stakeholders networks. This
paper attempts to bring some order in this diver3ihis may be useful for experienced
practitioners of TA, but even more for new entraarid for educational purposes. The
ultimate aim is to develop a methodology of TechgglAssessment, specifying in which
cases which methods are most appropriate. Howavercessary first step, taking the larger
part of this paper, is to classify different mete@tcording to the character and scope.

Approaches

The origins of the field can be traced backetthnology forecastingstudies in the nineteen-
fifties. These studies attempted to forecast teldyical trends 'as such'. The studies were
basically intended to help large corporations asmegnment agencies to adjust their techno-
logical investment schemes. Large think tanks, RReND and HUDSON, made many
technological forecasts.

In the same period, public interest in the negagiffects of technology grew. Someti-
mes these effects only appeared long time afteintheduction of technology. These negative
effects were often unintended and unforseen. Akiad of studies was developed in the
U.S. to assess all of the effects of technolodiaswere still to come. These studies were
calledTechnology Assessment/arious definitions were given, which differegesially on
the question whether TA should be a neutral, fexctfig activity, or whether it should take a
normative stand itself by assessing the contrilnutionew technologies to ‘the public good'.
Examples of definitions are:

- Technology assessment'@class of policy studies which systematicallyneixee the
effects on society that may occur when a technakgyroduced, extended or
modified. It emphasizes those consequences thatnameended, indirect or delayed.”
(Joseph F. Coates, cited in: Porter et al., 1980.)

- "Technology assessment is an attempt to estadotistarly warning system to detect,
control, and direct technological changes and depeients so as to maximize the
public good while minimizing the public risk&etron/Connor, 1972).

This kind of TA was later calle8wareness TAor Early Warning TA. The studies attempted

to forecast societal effects of technological cleaimgorder to include these effects in societal

decision making, or to be more precise, to crdagbssibility to make this subject to
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societal decision making.

In 1972 the US Congress created@féice of Technology Assessment (OTA)
Emilio Daddario, who introduced the bill for theuftdation of the OTA, defined TA in part
as apolicy instrument:

"Technology Assessment is a form of policy reseastich provides a balanced ap-

praisal to the policy maker. Ideally, it is a systéo ask the right questions and obtain

correct and timely answers. It identifies policguss, assesses the impact of alterna-
tive courses of action and presents findings. & mmethod of analysis that systemati-
cally appraises the nature, significance, statusj enerit of a technological

program.'(US Congress, 1968)

The main function of these forms of, what is noWechtraditional TA' has been promoting
‘awareness' of future technological developments @nsocietal impacts, and the
development of policy options A wide scope of aspects of technologies may bel\wed,
pertaining to different disciplines such as riskl aafety analyses, economic and environ-
mental impact assessments, labour impacts, eéscndit the task of Technology Assessment
to perform all these studies, but to integrateedént types of impact assessments. This is of
course a highly subjective and normative task. latgmn may be to do the integration in
different ways, taking different value systems d&msis. The OTA has often taken this
'neutral’ approach, developing different policyiops based on different value systems (for
instance aimed at more government interventionarermarket oriented) (OTA, 1993).

In the 1970s and 1980s, the basic presupposifidechnology Assessment, i.e. that
it is possible to predict the course of developnuérat technology andll of its societal
effects, became more-and-more problematic. Manyitapt developments, such as for
example the oil crises, were not only unforseenniade lots of assessments (which were
often hardly recognized as being related to thegsrfeeld) completely worthless. As a
consequence, more focused objectives were formibfatel A. Choices had to be made
concerning the effects that were considered mdestaat in a specific case. Consequently,
TA became more a strategic tool rather than a akatd objective input in the decision
making process. TA studies now often aimed at gtreming the position of specific actors
in a complex process of socio-technical decisiokinga The output of this new form of TA
not only entailed a report, but also a discussiah velevant actors. Moreover, expectations
as to the results were more moderate and the dfohjectivity was dropped. Smits and
Leyten (1991) defined thisew-style TA', as they called it, as:

"TA is a process consisting of analyses of teaigioal developments and their con-

sequences as well as a debate on the bases ofahalyses. TA should provide infor-

mation that could help the actors involved in depé@lg their strategies and that

might define subjects for further TA analy8is"
One of the approaches of new-style TA Baisategic TA. Strategic TA involved studies and
activities to support a specific actor or a speafioup of actors in the development of their
technology policy or technology strategy. Mainlgearch institutes could perform this type
of consultive TA. In fact, also many activitiestbe governmental TA institutes mentioned
above can be considered Strategic TA, since thmyaasupporting the parliament or
government in developing a technology policy.

Another example of the new-style TA is t@ienstructive Technology Assessment

* Translated from Dutch by the authors. The Dutchtgueads: "TA is een proces bestaande uit analgsesechnologische
ontwikkelingen en hun consequenties en discussieaemleiding van deze analyses. TA heeft tot shd@matie te leveren,
die bij technologische ontwikkelingen betrokkenetphbij de bepaling van hun strategisch beleidnet behulp waarvan
het mogelijk is onderwerpen voor verder TA ondekzigedefiniren."



(CTA) approach. CTA has its origins in modern approaahése field of Science and
Technology Studies, which entail that technologamlelopment is heavily influenced by
societal processes. As a consequence, the praetisiof this approach, which are mainly
public and academic research institutes, expligithy at shaping the course of technological
development into socially desirable directions. Cdakh be defined as: broadening the
decision making process about technological innomaty including as many relevant
societal actors as possible, aiming at an optitighment between technological and societal
developments. Whereas traditional TA was mainlgad&d at government interference to
enforce specific solutions for government definesbfems, CTA tried to influence strategies
of different actors involved in order to have thédavelop common perceptions of a specific
problem and develop and adopt joint strategiesdastions.

Recently a new type of activity has emerged thatalso be considered a type of TA:
Backcasting Backcasting is a form of normative forecastimgthe sense that a normatively
necessary scenario of the future is constructe@@man: 'Ziel-scenario’). An example is the
Dutch STD (Sustainable Technological Developmeat)egnment research program, in
which scenarios are constructed of a sustainalsietymn a global level on a time span of 50
years. The boundary conditions are: not exceeddbeapacity of the earth; no diminution of
welfare in the north; equity between north and BoG@obmbined these conditions require a
factor of 20 eco-efficiency increase of technolagg/or human activities. Based on these
scenarios a number of technological options aremgeed. Research is stimulated or started
to develop these options. Backcasting thus provadgarting point for incremental actions in
the present in the direction of the desired situatiThe effects of these actions have to be fed
back into the future picture (Robinson, 1988).

We may conclude that the field of TA is diverset that a common aim exists, which
is to contribute to an optimal alignment betweanimlogical and societal developments.
Both studies and interventions are part of TA. Foain types of TA can be distinguished:

- Awareness TA: forecasting technological developta@nd their impacts, to warn for
unintended or undesirable consequences.

- Strategic TA: supporting specific actors or grewp actors in formulating their policy
or strategy with respect to a specific technoldgieselopment.

- Constructive TA: broadening the decision proassut technological development,
to shape the course of technological developmesbamally desirable directions.

- Backcasting: developing scenarios of desiralterés and starting innovation
processes based on these scenarios.

Methods

The methods that are applied in TA are possiblyewere diverse as the approaches
mentioned above. Types of forecasting, impact ifleation and assessment, social science
methods, interviewing and workshops are used alBadstof analysis. In what follows, we
attempt to systemize these methods into a comnaonefivork.
A first observation is that in different typesToh different types of methods are used.
Three types of methods can be distinguished:
A. Methods of analysiswhich are used to analyze a specific aspecteettata TA
problem. These methods include forecasting, coctébiu of scenarios, analyses of
technological options, definition and analysisrapacts (such as life cycle analyses),



market studies, policy studies, etc. Part of theentext book methods (Porter et al.
1980, Porter et al., 1991). Such methods are ust#tiabovementioned studies, but
can also support the decision process in more psaméented types of TA.

B. Intervention methods which serve as heuristic for interfering in theeidion process
on technology development (for example methodsterventions in innovation
networks). These methods are exclusively useddogss oriented types of TA.

C. Methods used imeflective studies' Such studies concern the organization of the
decision and development process itself. They focuthe optimal way to integrate
societal influences in the development processoangays to promote the
development and implementation of technologiesrspond better to societal
desires than existing technologies. Moreover studieTA theories and methods,
such as the work that has resulted in this pagéonlg to this type of studies. These
studies are of a general socio-economic type, and ho particular repertoire of
methods. Literature surveys, interviews and workshare often used. However,
many of the above mentioned intervention methode hesulted from these studies.

In what follows we restrict ourselves to the typésnethods A and B. Thereby we have to

note that the distinction between the two, methafdmalysis and intervention methods, is

not strict. For instance, the development of aager(a method of analysis) is a social
process that may have an influence on its own.sBinee counts for backcasting activities;
although the primary aim is to develop a view oafiliture, it may provoke important social
processes. Reflective CTA studies even may purpaseimpt to influence the decision
process by means of specific methods of analysisinstance, interviewing R&D managers
may not only result in useful information for th& &analyst, but may also create new ideas
with the manager. This counts even more for worgsh&o, the analysis in a certain way
may contribute to the dynamics of the problem.

Method of Analysis Intervention Method
ATA + -
STA + +
CTA + +
Backcasting + -
Figure 1. The use of different types of methoddifferent types of TA.

A second distinction concerns the scope of methods:
1. Methods that serve psoject lay-out. These methods aim at integrating different
perspectives of the subject of study or of thegleniprocess to be addressed. They



2.

mostly entail a complex set of actions to be pentmat.
Methods that serve &mls, mostly as parts of larger projects. These metlaoels
generally well-described and can be executed @ladively straightforward manner.

Most tools can be used within different approaatfebechnology Assessment. As we will
see, for some project lay-outs this is also the.c@shers are only appropriate for a specific
approach of Technology Assessment.

Based on these categories we have four types dfaust

Lay-out of studies
Lay-out of interventions
Tools for analysis
Intervention tools.

In what follows we give examples of each of them.

Type
Method of Intervention
Analysis Method
Scope
Project Lay-out Lay-out of Lay-out of
Study Interventions
Tools Tools for Intervention
Analysis Tools

Figure 2. Types of methods

Lay-out of study

As has been said, methods of analysis are appliall fypes of TA. The following examples
of such methods can be given:

Technological forecasting

Technological forecasting aims at developing peswf the future development of
technology. Sometimes, particularly in ATA, thesetyres are considered as
predictions of future technologies. In CTA, foresaare carried out too, but then they
are generally considered more as probable futumedef 'business as usual'
conditions) or technological options (as speciboditions change). The realization of
these futures is considered to depend on actiodsfefent parties involved.
Technological forecasts, particularly if conceivedhe strict predictive sense, have
considerable limitations (Schnaars, 1989). Firstigre is the problem of predicting
technology itself. It appears to be especiallyiclift to predict whether a technology
will actually take off. For example, Harold Dewhyithe man that introduced the
concept of product life cycles, used this concepiredict that glass fiber would
replace synthetic fibers as a reinforcing maténiaires (Dewhurst, 1970). However,
glass fibers never caught on as tire cords (Fret@®1). Secondly, societal



development is often hard to forecast. For instaheeil crisis (1973) was only

expected by very few people. By the oil crisis, snorecasts could be used as fuel

for heating. A third limitation is the unpredictaltlypes of use of new technologies.

There are many examples of technologies which begapular for another purpose

than expected. For instance, the telephone wasdinted for business purposes. After

some time it became especially important in samahmunication.

Impact assessment

Very elaborate impact assessment methods areesoatte field of TA. Within this

field, impact assessment has often had the chafarapact identification, based on

expert interviews, brain storms and common serise pfoper analysis of impacts has
been left to experts in the specific fields. Thalaation of impacts again is often the
task of the Technology Assessor (Porter et al.11p9289-302).

Scenario analysis.

Scenarios may be used to describe possible fatates of society, including

technological developments (for general descripsiem Godet, 1987). Two types can

be distinguished:

- scenarios which concern an organization or $ipgmoblem, and in which the
environment of the organization or problem is miedif These types of
scenarios are especially used in corporate plar(@ingra/Lipinski, 1983,
Ralph McNulty, 1977)

- scenarios which concern the society as a wholarger parts of it. These
types of scenario's are especially used for 'pubic(Cf. Andersen et al.,
1992)

Scenarios often aim at stimulating discussionsiwimay support or end in specific

interventions. Oil company Shell has especiallyobee well known for its successful

use of scenarios (Beck, 1983, Wack, 1985)

Lay-out of interventions

Lay-outs of interventions are mainly used in CTAeTollowing examples can be
mentioned:

Intervention in innovation networks

Analysis and adapting technology networks. Thevasek of actors involved in some
way or another is assumed to constitute the cafrehnological development,
including its direction (Hakansson, 1989, Hakansd®87, Mulder, 1992, Shrum,
1985). Adaptations of the network can modify tlosirse into socially desired
directions. An example of an intervention is organg interfaces between research
departments and other actors, particularly thogeeeenting societal interests.
Governments might evaluate the networks in whickegament sponsored R&D
takes place, and manipulate them (Callon et a@21LR&D Companies might
stimulate network formation for better corporatef@enance (Charan, 1991).
Connecting separated networks

This is in fact a specific example of an interv@ntin innovation networks. The
approach is developed in the study Environmentaiddeby Cooperation) of the
Dutch Technology Assessment Institute (Rathenatituites), conducted around 1990
(Den Hond et al., 1992). The study concerned reuydf cars. An analysis showed
that two networks of actors could be distinguishrethe life cycle of a car: the design
and reprocessing context. In the design contexiriii@ heuristics (search direction in



accomplishing changes) were: diminishing weightars by new materials, increasing
safety, styling and reduction of corrosion. In tBprocessing context the recycling of
parts and materials and the reduction of non-regasable litter were the main
objectives. These different heuristics were quitetary: the use of new materials
hindered effective recycling. Starting communicati@tween the actors from the
different contexts, and adapting the design processributed to a solution.

The well-known PRISMA project of the same insgtudimed at reducing waste is
another example network manipulation. It aimedoainecting separated networks
(government agencies and companies or companytdepas) (Crul, 1994).

Demand articulation.

The term 'demand articulation' is used in diffengays in the field of Technology
Assessment. When Smits and Leyten (1991) speaewfdnd articulation, they seem
to indicate to adaptations in the socio-institusilbsystem, necessary for the
development and adoption of a new technology. Mecently, the same term is used
to indicate processes to make manifest certaintiatacietal demands for new
technology. One way to do that is to offer a tedbgypthat meets this demand. Latent
demands often seem to exist for more environmerftddindly products and services.
People do not ask for a 'sustainable transportagovice'. They ask for a car and, if
asked, they are probably in favour of environmeptatection. The importance of the
articulation of demand for technology developmenthat demand directs the
innovation process and thus the technological agveént. The appearance of a
certain product or service on the market quiterofemulates the demand (walkman,
call-a-car, greenfreeze). So a possible strateggdmand articulation is starting up an
iterative process between producers, consumersraowledge institutions, in which
the demand is iteratively better articulated. Idesrto set up such a process a careful
stakeholder analysis has to be carried out in dadénd out what the goals and
interests of the involved stakeholders are.

Consumer CTA

In this method developers of a new technologysaarers and other relevant actors
are brought together in several stages of the dpwent process to discuss future
applications and consumer aspects. Images of fuseef a technology are
developed and adapted during the process (Fonk)188 example of practical
cCTA is the STD project "sustainable washing" (\fagy/Jansen, 1993). In this
project producers, consumers, experts on washiaghiwg machines, and textiles
have been brought together to discuss images wfefutashing. These images were
further refined and public reaction was tested large survey. The results of this
analysis will perhaps lead to further social exments with 'collective washing'
(Vergragt et al., 1995).

Participatory Technology Assessment

The aim of Participatory TA is to include inte$tactors in an innovation process,
mostly by discussion meetings or workshops (Cf.dEntP95). An example of such
an approach is the so-called 'Infra-lab’ of Rijkesstaat (the Netherlands's National
Public Works Administration) in developing adaptas to the road infrastructure.
Car drivers, neighbours of the project to be acdmingd, the local police and
environmental organizations were invited to disdhgsproblems and possible
solutions. Sometimes other solutions are chosendkpected or new, creative
solutions come up (Vergragt/De Rooy, 1995). A lazgample of Participatory TA
has been carried out in Germany on geneticallyresged herbicide resistant crop



plants. In this example specific research projeese defined in the course of the
discussions. In the end the environmental movestepiped out, which made the
project fail largely.

- Citizens' initiatives
Citizens' initiatives concern activities of citisegroups or entrepreneurs to develop
new technologies. Examples in the field of sustam&echnologies are:
- citizens developing windmills
- the German department of Greenpeace developéGteenfreeze refrigerator

(based on propane and butane instead of CFCs aR@$)C

- the Belgian firm Ecover developing environmergridly detergents.
In a recent project the problem was studied undhet conditions new technologies
developed in such experiments get a wider diffugiterheul/Vergragt, 1995).
Stimulating or facilitating citizens initiatives dnheir diffusion might be an
interesting method to achieve technological changes

- Strategic niche management
The concept of 'strategic niche management is isseatganizing a protected space
for a new product or technology (Rip, 1989). Tha & to organize learning proc-
esses, which may stimulate the further improveraadtadoption of the technology.
The theoretical background of this method is thdifig that technologies get their
meaning during their actual adoption and applicatMoreover in that phase scale
effects and learning processes take place whiehtiiesperformance improvements
or price reductions. An example of strategic nigif@nagement are experiments with
electric cars in the US and the Netherlands (GfioSet al, 1994).

Tools for analysis

- Trend extrapolation.
A well known and generally used model as a foundatf these forecasts is the 'pro-
duct life cycle'. This model supposes that prodbets a 'life', i.e. they were created,
grew, flourished, and eventually became obsoletievaere replaced by new products.
The model can be used to forecast the diffusicm moduct (Cf. Porter et al., 1991).
Sometimes purely technical aspects of a technaogyorecasted, like the well
known example of Moore's Law, predicting the depeient of the number of com-
ponents on integrated circuits.
A limitation is that trend extrapolation can obky performed when a new technology
is already some time on its way. The longer tharielogy already exists, the better
the forecast generally will be. If a technologgi#l in its infancy, analogy reasoning
could be applied (relating the diffusion of a ne@ettnology to the known diffusion
pattern of an already mature technology). Howeaea)ogy reasoning is highly
speculative (van Doorn/van Vught, 1978).

- Structured Interaction.
Getting the opinions of experts or relevant act®isten very important. However, it
is often important structure interactions with ast@nd their mutual interactions.
Brainstorming has been a very popular method teigea new ideas. Whether this
method really produces new ideas is rather questienRobert Jungk (1981)
promoted a variant of brainstorming, i.e. futurerkemops, which were intended as
being less expert oriented and more democratic.
Nowadays various techniques are available to stipip® basic idea of brainstorming:



for example a group decision room is a computepstpd brainstorming technique.
Participants react to anonymous comments of otheicpants about a specific
problem. In the end the comments may be rankeddiogpto relevance.

Delphi. The Delphi method can be seen as an exampleunftsted interaction. The
method is generally used to forecast future teagioal developments. It tries to
create consensus between experts on future devefapnThe method includes
interviewing of, and anonymously exchanging ans\ketsveen experts. In this way
an attempt is made to make an estimate of futureldements without any
interference of the social relations that existueetn these experts. Based on the
results of a Delphi, scenarios of future situatioresy be developed. Delphis may also
be used for less strictly forecasting purposesinfstance to explore options for future
developments, the materialization of which stilpbded on specific actions of actors
involved (Helmer/Gordon, 1964, Linstone/Ruroff, 53.7

A limitation of the application of this methodttgat interviewing experts by a Delphi
or otherwise generally produces biased resultgh@mshort time (5-10 years) experts
(who often also have an interest in promising fashnological development in their
field) tend to be too optimistic about technologjizassibilities. On the longer term
(20-50 years) however, they tend to be too pessm{Schnaars, 1989).
Cross-impact analysesare sometimes used as a variation of Delphi.betséc
adaption is caused by the fact that the chanceathatent might actually occur, is
conditional to other events. In cross-impact aredyexpert fill out matrices on the
chances that an event will occur, given that aerogivent will (not) occur. These
matrices can be manipulated mathematically in ci@eglculate the likeliness of
series of events (Gordon/Hayward, 1968). Kane sitian is an even more refined
form of cross impact analyses. It is based on $iseraption that cause-effect relations
take time. The delay can be brought into the mdtyixvhich a dynamic prediction of
the occurrence of certain events can be develdfeade, 1972).

Social simulations In a social simulation, the real world is simathby living peo-
ple. Generally, only organizational structuresgiven, and the players of the si-
mulation start their own 'world'. The social patethat develop could be seen as the
outcome of the experiment, and these patterns dmutélated to the given
organizational structures (Van der Meer 1986, Baski®86). The number of
technologies that are suitable to study in sucbxgeriment is limited.

Checklists

Checklist are a practical tool in order not tayetrspecific aspects in a TA study.
There is an enormous amount of checklist, likeefaample that on good OTA reports
(Gray, 1982).

Socio-technical maps

Socio-technical maps might be seen as types akikes by which various aspects of
socio-technical development are captured. For el@rope kind of map focuses on

- the hierarchy of variation and selection invalve technological development,

- the roots of innovations,

- the actors involved,

- expectations of actors,

- effects of innovations

- critical episodes in trajectories

- developing episodes



I ntervention tools

- TheConsensus conferencis mostly used in Participatory TA. Lay people are
brought together in a workshop setting taking sdians, to discuss a new innovation.
They are entitled to call upon experts. In the #edlay people have to come to a
conclusion (if possible consensus) on the subjestis&ke. The outcome, and the
conference itself are used to stimulate public teeba the specific subject. The
method is mainly appropriate for innovations whiit¥olve ethical issues, for
instance in genetic engineering or issues of lgiothtrol (Agersnap, 1992, Sclove,
1994).

- Structured Interaction
Structured interaction might also explicitly beeddo bring a specific group of actors
in contact with each other. This applies, amon@sthto scenario-workshops. In
these cases, the main aim of the method is nadupe a forecast or a statement, but
to establish relations, change the mind-set oi@pants, etc (Cf. Andersen et al.,
1992, Beck, 1983).

Criteriafor choice

The question is: what are the criteria for the chaf type of TA, project outlay and tools for
the solution of a specific problem? This is yeb@en question, since we already noted that
many of these methods are developed in practickefeam people reflect on their choice.
Therefore we have to rely on current TA practiaceddvelop criteria. From our own
experience we would suggest the following ones:

- Phase in the development
We can distinguish a number of phases in the dpweént of technology: idea
generation, development/design, market introductioowth, maturing, decline. The
choice of type of TA and method depends on thegbéthe technology (whether it
is part of the problem or part of the solution)r Fstance, Constructive TA generally
refers to technologies that are in their early peag\n exception is formed by the so-
called (above-mentioned) citizens' initiativeswihich often ‘forgotten’ technologies,
are revived. Strategic niche management is appiiéoe prototype phase of
technologies. Another example is the delphi, whscimostly applied for technologies
in the phase of early development/design.

- Degree of polarization
Some approaches are inappropriate when opiniosaciety are highly polarized. An
example is backcasting, which approach assumeghdéel of consensus on
desirable (or even inevitable) futures. On the ott@ad, participatory TA presuppo-
ses the existence of contradictions, since it @t@minishing these.

- Origins of the problem
TA studies and activities always focus on probleetated to technologies. The
problem may béechnology drivenin the sense that a new technology creates dsten
to create a social problem. The field of informattechnology provides a lot of
examples. The problem may also haweietal origingfor instance in case of the



environmental movement. In this case, technologyteapart of the problem, but it
may also potentially be part of the solution. Intpegsessment is mainly appropriate
for technology driven problems, whereas backcassimgimarily applied for
problems with a societal background.

The way of application of specific tools is algtietent. In case of a technology
driven problem, technology experts in a workshopeh@ono-disciplinary or have re-
lated backgrounds, whereas in case of a problemsaitial origins many different
disciplines may be represented, since differergsygf technologies may be part of
the solution. Forecasting (for instance by meare aélphi) generally refers to one
technology in the first case, and to many in thepbne.

- Type of technology
The type of technology involved is an importantgmaeter: independent artefacts vs.
technology that includes a physical infrastructéi@. instance, citizens' initiatives are
difficult to organize for a highly systemic techagles like the transport system,
particularly if a new infrastructure would be recpai.

- Position on the R&D agenda
A Delphi can only be organized if the technologyalved is on the R&D agenda,
since researchers got to have opinions abouttize®@is' initiatives can be organized if
the technology is not on the R&D agenda (and may de useful to get it on the
agenda).

- Time dimension
Many methods have a middle or long time dimenspamticularly the delphi and
backcasting. Certain applications of participatbfyhave a short time horizon (such
as the Dutch InfraLab experiment, in which the biadl Public Works Administration
discusses changes in the road infrastructure wathynmterested parties).

- Aim of TA: study or intervention
Finally, an important determinant of the choicerathod is the aim of the TA
project: study or intervention. If there is an egjplaim, for instance diminishing
polarization, generating new alternative solutiforsa problem or determining
impacts of these solutions, this will be very iefhtial on both the type of TA that is
performed and the choice of method. Here it hdsetooted that not always specific
aims are clear from the beginning. The beforemaertiareflective studies may serve
to specify such aims.

In figure 3 the project lay-outs mentioned abovedassified according to the first two of
these criteria, phase in the development of tedyyahnd degree of polarization (based on
our own judgement).

Degree of polarization ||
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defined.
Phase in development Low High
ldea Delphi Delphi
Design Impact Assessment Demand articulation
Consumer CTA Consumer CTA
Strategic Niche Management Participatory TA
Market introduction Impact Assessment
Trend extrapolation
Maturity Network manipulation Citizens Initiatives
Scenarios
Participatory TA
Figure 3. Classification of methods according tagghof the technology and degree of

polarization.

As a practical example of the choice of appropmagthods and the application of the above
mentioned criteria we will discuss two cases: titanability discussions concerning PVC
and the base metals industry respectively.

Case 1: Poly vinylchloride (PVC)

After polyethylene, PVC is the most produced aretlyslastic material. It is used in
thousands of products, ranging from everyday lifedpcts as credit cards and toys, to
professional building and construction materiatg] highly specialized applications like for
example medical equipment. However, notwithstan@smgopularity, already from its early
commercial production in the thirties, PVC repebtéds been the subject of criticism
because of health and environmental aspects. hideeeby the environmental movement,
recent years have known fierce debates betweeagmoists and antagonists of PVC; the
PVC and chlorine industry is striking back hardemeryone who dares to accuse PVC. In
spite of several endeavours to start up a morermise debate between the antagonists,
they seem not to be able to come on speaking tétroblematic is that the discussion is
characterized by many uncertainties concerningptheise nature and extent of possible
impacts, technological (im)possibilities for impeent, the current and future performance
and availability of alternative materials, etcfaat, up till now it is impossible to give
objective and rational answers to the question ératre should continue and improve PVC-
production and consumption, or (partly) phase itamnd switch to alternative materials, for
the sake of the so desired sustainable development.

The question is which TA methods could contrittotéhe solution of the problem. If
we look at the criteria mentioned before, the situracan be described agyhly polarized
with increasingly 'quantitative' debates (parties €éach other with ever new facts and
figures). The discussions concaypecific technologiesvhich are generallgnature and of a
non-systemioature (alternatives can exist side by side, fibisabout a true 'battle of the



systems"). In figure 3 the PVC problem would havee situated at the right and at the top
(polarized/mature). Furthermore rattang termdecision and development processes are
involved, whereas thecale of the problerdiffers to the various parties mentioned (PVC
producers will be more affected by a 'negativeconre of the decision process than PVC
processors, which on their turn will be more eféelcthan end-consumers). The problem
resides rather high on tipelitical and societal agendas PVC industry makes it appear, the
search for alternative materials or production hesses is not on thd®&D agenda

(although it is, of course, on the agenda of therahtive materials producers). However, the
other (and their favoured) future direction is; timprovement of PVC and its production and
processing occupies an important part of their R&&fvities.

The most appropriate TA approach for this probkenald entail acombination of
analysis and process oriented activitifge result of the first serving as a basis apdtior
the secondT A analysismight focus on developingiture scenario’'sto gain insight in the
various sustainable future options. Scenarios cbeldsed to obtain more clarity on the
differences and similarities between the develogmpaths leading to these different futures.
This could yield insights in which technologies andovation options are useful in different
futures, and hence are worth developing despitsilplesremaining uncertainties on which
future is the most desirable (‘robust' technolgotyoms).

However, more importantly, because the PVC-debpparently is based in
differences in norms and values of the differemtipa involved, the TA analysis have to be
followed by constructive debates and decision @Bses between these parties. Because up
until now every effort in this direction has failgtieprocess oriented Tahould primarily
focus on starting up and facilitating (construc}iwgeraction, and on building mutual
understanding between the parties. Only then aactste debates and decision processes will
become a possibility. Hence, the most appropriateegal project lay out seems to be
participatory technology assessmefb far the most appropriate methods are in aecoel
with figure 3. Moreover, when a certain level oftoal understanding is reached;ansensus
conferencemight be organized to facilitate the actual decishaking process and the
formulation of strategies.

Other intervention oriented project lay outs timght be useful instead of or
complementary to the participatory TA, alemand articulatiorandstrategic niche
managemeniOn first sight demand for changes is clearly @ngsbut in practice, PVC-
product suppliers often state that as long asahsumer wishes to buy PVC, they will
continue to supply it. In fact, this demand artitidn is exactly what Greenpeace tried to
work on in their PVC-free Municipalities campaid@trategic niche management could take
the form of giving extra attention to already eixigtalternative materials (e.g. gathering data,
developing improvement options), to bring theserattive options on a more equal
knowledge and competition level with PVC.

Case 2: Base metals production

Industrial production processes, like the productibbase metals, are rather inert. Ideas for
cleaner production processes do exist (althouglalmatys fully mature yet), but in practice
they are scarcely implemented. The adoption ofetipescesses is unlikely, because the
existing processes are deeply entrenched systatistdchnologically and socially, which
makes it very difficult to redirect these procesgekly and effectively towards more
sustainable alternatives, even when the need so d®generally acknowledged. Therefore,
new approaches of management of technology imdskcontext are required in order to



further develop and implement cleaner industriadpiction processes. The central question
to be answered, then, becomes: what are the [srmi¢echnological innovation in base
metals production and which strategies can be tsge)direct these innovations towards
cleaner production processes?

Applying the twocriteria for the choice of project lay-out mentioned inufig 3, the
base metals problem has to be classified in the seay as the PVC problem, which means
that we deal with anature technology withhighly polarized perceptions. The applied
production processes in the base metal industrsaginer old. They are used world-wide and
they all have reached maturity. At the moment @alye (energy) efficiency improvements
take place. The problem can be regarded as higitdyiped, since the base metals production
industry itself is very conservative and doesrftsider the appearing environmental
problems as very important. Furthermore, the bastalnndustry is a very large, capital-
intensive industry, which is not willing to changery easily. Environmental groups,
governments and individuals, however, do emphakezenvironmental problems, related
with base metals production. This means that thiews parties involved have different
problem perceptions.

Other problem dimensions are the following: Thedorction of base metals can be
seen as amdependent technology / artefactthe whole chain from mine to metal product.
However, when the production of base metals isrdesghas a necessary element of making
the metal product, then there exists s@ysemimature. The environmental problems with
base metals production are maisbcietally drivenbecause the environmental movement
and governments have focused attention on the gmrobllevertheless, this base metals
production problem is not (yet) high on thelitical/societal agendas a whole, except for
some specific, regional, urgent (environmentalpfgms with energy subsidies, health,
waste, groundwater pollution, and S&hd fluoride emissions. Within the base metals
production industry, cleaner base metal produgiimtesses are even scarcely onRB&®
agenda especially not when it concerns long-term, rddibanges in production processes.
Industry regards itself as a very good followenefv, often incremental, technological
developmentsThe time dimensiois also a problem, since the transition towardamér base
metal production needs a long term perspectiveregsemost base metal industries only
think in short- en middle-long terms.

Part of the methods that are mentioned at thé aigtl at the top of figure 3, where
this base metals problem has to be situated, cnllysbe applied to this problerscenario
analysiscould be applied to the environmental problemisase metals production, because
such analysis puts the problems into future petsge@nd gives insight into the various
cleaner technological options. TBelphi method could give insight into the technological
alternatives and their feasibility, by consultingtailurgical and environmental experts. The
resulting information and insights can form theunfor interventions in the current situation,
for instance intervention in innovation networRarticipatory TAwould be a useful
intervention lay out; The differences of opiniorutth then, be diminished by means of
discussions, and by workshops with several speadiors, involved in base metals process
developments (like mining engineers, supplierstramtors, producers, customers,
consumers, governments, university and institutiogsearch groups, environmental
movements, individuals). Aonsensus conferenceuld also be organized to start a public
debate about the undesirable environmental eftédtse existing base metals production and
about the possibilities to implement cleaner proidmcprocesses. However, it will be
difficult to get allactors at the same level involved in the decisiaking about process
innovations Citizens' initiativesalso found at the right and at the top of fig8yeare not
useful in this case, since the scale of the basalsngroduction processes far exceeds the



possibilities of citizens' groups. Moreover, basaats production can hardly be influenced
by consumer actions, because the base metals pi@ustands far from the ultimate
consumer of metals and focuses mainly on procesitieis the chain from mine to product,
in stead of focussing on the end produttie metals.

Apart from the methods mentioned above, atsategic niche managemertauld
usefully be applied to further develop relativatyadl cleaner production processes. These
developments will mostly not take place in the egsbase metals industry, because this
industry is fixed in the traditional technology psit but will take place for example in small
and medium sized firms or universities, or (goveentpaid) independent research institutes.
These alternatives have chances to be further coontieed in the future, by proving that
the alternative technology is technologically andremically viable, and by building up new
actor-networks around the alternative technologyetiothe technology more entrenched in
society.

Conclusion and discussion

In this paper we have classified methods of TedmoAssessment, including both traditio-
nal and modern approaches of TA. We made a digimbetween approaches, project lay-
outs and tools, and we gave a first indicatiorhefdariteria for choice between project lay-
outs. The paper may serve as an introduction farergrants to the field of Technology
Assessment, and as a reference for more experigmaettioners.

It is clear that this paper forms only a firstpsieto developing, what may be termed, a
methodology for Technology Assessment. Such a ndelbgy does already exist for
traditional forms of TA (for instance representedhie handbook of Porter et al, 1991). The
point here is in include modern approaches, sucilas and to integrate them with
traditional TA methods.

Further study is required to attain this purpdde application of different modern
TA methods needs to be evaluated more systemgttoadletermine in which situations the
application of the methods has been successfulirantich not. For the execution of such a
project at least two problems have to be solvedtillj criteria of success have to be
formulated. When do we consider a consensus corderer a citizens' initiative a success? It
is clear that the long term effects would be modtdative, but these effects are hard to
measure. Secondly empirical material will havedabllected. This is very hard, since hardly
any of these methods have been applied explio#ty vften. It means that cases of studies
and interventions have to be collected that aresrplicitly presented as applications of TA
by the authors or initiators, but the method ofahshow a strong resemblance with specific
TA methods. In spite of these and other diffic@tsich a research project would certainly
contribute greatly to the growth to maturity of B& a discipline.
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