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Abstract: Social science scholarship has identified complex linkages between society and
science, but it has been less successful at actually enhancing those linkages in ways that can add
to the value and capability of each sector. We propose a research program to integrate natural
science and engineering investigations with social science and policy research from the outset—
what we call “real-time technology assessment” (real-time TA). Comprising investigations into
analogical case studies, research program mapping, communication and early warning, and
technology assessment and choice, real-time TA can inform and support natural science and
engineering research, and it can provide an explicit mechanism for observing, critiquing, and
influencing social values as they become embedded in innovations. After placing real-time TA in
the context of scholarship on technology assessment, the paper elaborates on this coordinated
set of research tasks, using the example of nano-scale science and engineering (nanotechnology)
research. The paper then discusses issues in the implementation of real-time TA and concludes
that the adoption of real-time TA can significantly enhance the societal value of research-based

mnovation.



1. Introduction

Scientific and technological innovation continually remakes society. Society reciprocally
accommodates, manages, and redirects innovation. Social science scholarship has contributed
to a broader and more nuanced understanding of this “co-production” of science and society in
traditional scientific arenas such as laboratories, political arenas such as courtrooms, and hybrid
arenas such as advisory committees and technology transfer and extension services.' Political
economic studies of innovation pathways have elucidated the roles of organizational structure,
consumer feedback, and various policy environments in this process.” But such scholarship has
been less successful at actually enhancing linkages between innovation and societal action in
ways that can add to the value and capability of each. An implicit societal demand for more
sustained and pragmatic attention to strengthening such linkages can be seen in continuing public
controversies over the societal implications of innovation, be it particular technologies such as
nuclear power, genetically modified foods, cloned mammals, or genetic screening; or dilemmas
raised by technological systems, such as the protection of privacy, the definition and protection

of intellectual property, and the distribution of the benefits and costs of science and technology.

One limited way that federally funded research and development (R&D) programs address this
linkage is by supporting research in the ethical, legal and social implications (ELSI) of initiatives
such as the Human Genome Project, information technology, and nanotechnology. Such work,
however, has not been well-integrated into either the science policy process or the R&D

process.’ The necessary and logical next step to ELSI is integrating social science and policy



research with natural science and engineering investigations from the outset* — what we call here
“real-time technology assessment.” Such real-time TA can inform and support natural science
and engineering research, and it can provide an explicit mechanism for observing, critiquing, and

influencing social values as they become embedded in innovations.

This paper places our conception of real-time TA in the scholarship on technology assessment,
which is a wide category encompassing an array of policy analytic, economic, ethical, and other
social science research that attempts to anticipate how research and research-based
technologies will interact with social systems.” The paper also articulates a real-time TA agenda
around the example of nanotechnology. We believe such a new technology assessment is an
essential—perhaps the essential—component of a new science and technology policy. Without
a robust capacity to conduct real-time TA, society will be unable to maximize the benefits of
science-based innovation, minimize its risks, and ensure responsiveness to public interests and

concermns.

2. Toward a New Technology Assessment

Claims to novelty in science and technology policy often anchor the ancien regime in Vannevar
Bush’s durable polemic, Science, The Endless Frontier.® For more than fifty years, its
prominence has overshadowed the similar, but in many ways more thoughtful and rigorous,
1947 report by John R. Steelman, Science and Public Policy.” Among the substantive

differences between the Bush and Steelman reports was their treatment of the social sciences.



Bush neglected social sciences, believing them unworthy of, or unripe for, federal patronage.
Steelman, himself an economist, maintained that the social sciences should be part of the federal
scheme of research support. More to the point, Steelman cited at the beginning of his report the
suggestion “that competent social scientists should work hand in hand with the natural scientists,
so that problems may be solved as they arise, and so that many of them may not arise in the first
instance.” Over time, of course, the National Science Foundation that Bush’s report helped
establish rejected his vision of the social sciences. Instead, NSF included the social sciences as
insular disciplines under its jurisdiction, and enlisted them as tools for monitoring the science
enterprise—but not assessing societal implications.” Steelman’s view of the collaboration of the
social and natural sciences—real-time technology assessment avant la lettre—has not yet

come to pass.

The vision of technology assessment that did emerge was closer to “science proposes, society
disposes,”'” in which the scrutiny of innovation was limited to advising society, or certain
segments thereof, about how best to respond to the consequences of developing technologies
and technological systems. It contained little of the anticipatory or preemptive functions that
Steelman advocated, that the social movement for technology assessment voiced anew in the

1960s, and that was inscribed in the chartering legislation for the Office of Technology

Assessment (OTA) of the US Congress."'

The fear of untoward political interference in the R&D process no doubt played a role in the

failure to apply fully the tools of social science to the problem of enhancing the societal benefits



of science and technology.'> But the reasons for this approach were—and remain—rooted in a
central truth about the development and proliferation of technology in society: that this process is

largely unpredictable, and thus not subject to anticipatory governance.

Nevertheless, the centrality of technology in society assured some attempts to enhance relevant
decision-making capabilities. Two types of technology assessment evolved: an “instrumental”
type in which the social scientific and policy analytic approaches of experts dominate; and a
“discursive” type in which the lay-public participates in a more deliberative and educative
process.” In either case, however, technology assessment as a practice became lodged in
institutions advising national parliaments. Resulting organizational relations not only compounded
the problem of “science proposes, society disposes” by regularly requiring a political trigger for
the initiation of TA activities, but they also isolated TA from the R&D enterprise itself — causing
technology assessment organizations to navigate, not always successfully, between the Scylla of

political irrelevance and the Charybdis of technical inadequacy.'*

In the United States, OTA sailed these straits from 1974 to 1995. In the wake of its elimination
by Congress, there is a great creative opportunity to revisit and reinvent technology
assessment."> This opportunity exists organizationally, in the sense of creating a new technology
assessment that is not centralized around Congress but instead widely distributed through a
society that is increasingly integrated technologically.'® (We do not argue, however, that
Congress does not need an institution devoted to assisting it with responding to issues with high

scientific and technological content.'”)



This opportunity also exists procedurally, in the sense of creating a new technology assessment
that is not linked to a formal process of expert panels and report writing, congressional hearings
and legislation. The institutions for technology assessment in Europe, which to some extent are
intellectual progeny of OTA, can provide some guidance to the United States in this endeavor,
as their later foundings meant they often embodied more contemporary societal relations and
drew on more contemporary intellectual perspectives. (Indeed, even from its founding, OTA
distanced itself from the intellectual underpinnings of technology assessment and technology
forecasting.'®) Particularly important among these perspectives is what has become known as
“constructive technology assessment,” developed in the 1980s and 1990s largely under the

auspices of the Netherlands Office of Research on Aspects of Technology. "

Constructive technology assessment (CTA) is an attempt “to broaden the design of new
technologies™ through the “[fleedback of TA activities into the actual construction of
technology.”” CTA has three particular analytical achievements: socio-technical mapping,
which combines the stakeholder analysis of traditional TA with the systematic plotting of recent
technical dynamics; early and controlled experimentation, through which unanticipated impacts
can be identified and, if needed, ameliorated; and dialogue between innovators and the public,
to articulate the demand side of technology development. The culmination of these techniques in
CTA is letting “societal aspects [of innovation| become additional design criteria,” rather than
allowing the developing technology to become deeply imbedded in technological or social

systems, and thereby rendered less malleable, prior to the consideration of social factors.*'



These advances in the Netherlands are related to novel thinking elsewhere, including the attempt
of consensus conferences in Denmark and other nations to influence technological design and
implementation, the emphasis at the Organization for Economic Cooperation and Development
(OECD) on “minimizing mismatches, wrong investments, and possible social conflict,” and the
focus in both Europe — reflected in the European Union’s R&D programs — and the United
States — reflected in such work as the Carnegie Commission on Science, Technology, and

Governance — on closer interaction between the supply and demand sides of innovation.*

The real-time technology assessment described in greater detail below continues on this general
trajectory. To preface, however, it differs from the canonical description of CTA (if there is
such a thing) in at least three ways: First, although it follows CTA in engaging in socio-technical
mapping and dialogue between producers and consumers, it does not engage in experimentation
with new technologies because it is embedded in the knowledge creation process itself. It
makes use of more reflexive measures such as public opinion polling, focus groups, and scenario
development to elicit values and explore alternative potential outcomes. Second, it uses content
analysis, social judgment research, and survey research to investigate how knowledge,
perceptions, and values are evolving over time, to enhance communication, and identify
emerging problems. Third, it integrates socio-technical mapping and dialogue with retrospective
(historical) as well as prospective (scenario) analysis, attempting to situate the innovation of
concern in a historical context that will render it more amenable to understanding and, if

necessary, to modification.



3. Technology Assessment in Context

Few would deny the desirability of predicting the variety of consequences of a particular path of
technological innovation. Such a goal will never be fully attained, because consequences emerge
not from the static attributes of a fully formed technology, but from the complex co-production
that simultaneously and continually molds both technology and social context. The essence of
this dilemma is vividly illustrated by events surrounding the emergence of nanotechnology as

perhaps the next wave of society-transforming innovation.

Nano-scale science and engineering (NSE) is the study, manipulation, and design of materials
and technologies at the atomic scale. On one hand, the US federal government is directing more
than $400 million in fiscal year 2001 into a NSE initiative, justifying this expenditure by
reference to inevitable and sweeping societal benefits.” On the other hand, fears of
nanotechnology gained credibility with a critique by the influential high-tech entrepreneur Bill Joy
of the potentially disastrous consequences of innovation in autonomous, self-replicating
technologies that advances in NSE will enable.** Promotional thetoric from the government is as
immoderate in its promise of benefit as Joy is in his prognostication of disaster. This tension, not
atypical in debates about new technologies, creates a promising opportunity to develop and
apply real-time TA at the early stages of what may (or may not) prove to be the next

technological revolution.



But it does raise the question of predictability: Need we determine, in advance, whether the

federal government’s vision of NSE is more accurate than Bill Joy’s?

Individual decision makers, and societies at large, are constantly required to act on problems
that are on some level unpredictable—from the behavior of the market to the occurrence of
natural disasters. Moreover, decision making is an inherently forward-looking activity, in that
some degree of expectation of what the future will look like underlies any decision. Thus,
preparation for and resilience in the face of an unpredictable future is a core asset of any well-
functioning society.> For example, American society enjoys something of a consensus that
natural disasters are bad things. While individual hurricanes cannot be predicted far in advance,
construction codes, land-use planning, and emergency response plans can greatly mitigate their

impacts.

Often, the best way to reduce uncertainty about the future of open systems is to make informed
but incremental decisions and then see what happens.*® This approach favors (but does not
ensure) consequences that are manageable and error-correction that is both politically and
practically feasible. The Federal Reserve Board modulates microeconomic behavior through the
macroeconomic tool of slight changes in prime lending rates. Ecosystem management decisions
are increasingly conducted as incremental experiments that should always be subject to
modification. Such approaches can succeed without explicit maps of the unforeseeable future.
But their success is predicated upon significant capabilities in monitoring the system being

managed.



From this perspective, the key to successfully grappling with unpredictability is to build a
decision process that is continuously reflexive, so that the attributes of and relations between co-
evolving components of the system become apparent, and informed incremental response is
feasible. Here, the role of social science is to achieve "not prediction with precision, [but]
freedom through insight."®” This perspective is consistent with approaches from several

disciplines and goes by such names as "muddling through," "adaptive management," and

"sophisticated trial-and-error.”**

Predictability is thus only necessary if one insists that accurate foreknowledge is required for
good decisions about complex systems, and both theory and practice demonstrate the problems
of this requirement. But society’s capacity to plan despite an uncertain future shows that the
alternative to prediction is not inaction or reaction, but incremental action based on synchronous
reflection and adjustment.” What is necessary, we believe, is to build into the R&D enterprise
itself a reflexive capacity that encourages more effective communication among potential
stakeholders, elicits more knowledge of evolving stakeholder capabilities, preferences and
values, and allows modulation of innovation paths and outcomes in response to ongoing analysis

and discourse. Real-time TA fits this bill.
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4. Real-Time Technology Assessment and Nanotechnology

In the following presentation, we provide neither a detailed, tactical methodology nor an
overarching institutional process, but instead describe a “mid-level methodology” for real-time
TA that has been lacking in technology assessment.’® We use examples from nano-scale science

and engineering to illustrate how this methodology might be applied.

Our model of real-time TA comprises four linked components that can lead to an inherently
reflexive R&D enterprise. The first component is the development of analogical case studies, as
studying past examples of transformational innovations can help to develop frameworks for
anticipating future interactions between society and new technologies. The second component is
mapping the resources and capabilities of the relevant innovation enterprise to identify key R&D
trends, major participants and their roles, and organizational structures and relations. The third
component is eliciting and monitoring changing knowledge, perceptions, and attitudes among
stakeholders, because empirically-grounded, research-based strategies can enhance the quality
of science communication about the societal implications of innovations. The fourth is engaging
in analytical and participatory assessments of potential societal impacts, conducted because
informed societal response to innovation depends on how well various societal actors — ranging

from scientists to the general public — are prepared for the evolving impacts of the innovation.

Each of these activities is supported by well-developed method and practice, but they have yet

to be conceptually and operationally linked in a coherent approach to technology assessment.
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Central to our vision is the idea that these activities proceed simultaneously, are mutually
supportive, and are fully integrated into the innovation process. This integration means that the
R&D process must be reconceptualized to encompass scientists and technologists, social
scientists, and a range of potential stakeholders interacting on various levels. The only novelty of
this process, however, is rendering explicit and self-aware the currently implicit and unconscious

process of co-production.

Analogical Case Studies.”’ Studying past examples of transformational innovations can help to

develop analogies and frameworks for understanding and anticipating societal response to new
innovations. In particular, knowledge about who has responded to transforming innovation in
the past, the #ypes of responses that they have used, and the avenues selected for pursuing
those responses can be applied to understand connections between emerging areas of rapidly
advancing science and specific patterns of societal response that may emerge. Moreover, by
assessing the variety of strategies and tactics used to manage conflict over, and allocate benefits
of, the impacts of new science and technology, case-based approaches can help to
conceptualize more effective approaches for the future. Key to the value of this activity is the

capacity to identify appropriate analogous cases.

These patterns of societal responses can strongly influence—positively and negatively—the
outcomes of research. To help assure beneficial outcomes, public policy for nanotechnology
should do more than simply fund R&D—it must also take into account societal responses. This

component of real-time TA can support such an accounting. Of course, one cannot make
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simple extrapolations from retrospective cases to NSE, since each case has its own context and
contingent circumstances. But researchers can use the cases to frame hypotheses and create
categories of variables to which the study of NSE should attend, guiding and sensitizing the

enterprise to issues that otherwise might escape notice.

For example, consider NSE research aimed at developing autonomous, photosynthetic artificial
cells. Such technologies could have significant applications in such areas as individualized drug
delivery, efficient chemical processing, bioremediation, and advanced computing.** One line of
relevant case studies might focus on artificial cells as the latest step in a historical progression of
medical implant technologies—prosthetics, organ transplants, xeno-transplants, artificial organs,
and so forth. Another might view artificial cells in the context of technological trends toward
gradual hybridization of natural and artificial devices. From this perspective, recent experiences
with genetically modified organisms—including the differing public responses to medical versus
agricultural applications—could help anticipate public concern and responses to different types

and applications of artificial cells.

Research Program Mapping.” While case studies help to situate evolving technologies in their

historical context, research program mapping (RPM) monitors and assesses current R&D
activities at regional, national, and international levels. The unit of assessment can vary from a
single laboratory to an entire field of innovation but, whatever the scale, some effort to map the
resources and capabilities of the enterprise is necessary to identify key R&D trends, major

participants and their roles, and organizational structures and relations.
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The mapping activity is accomplished through standard text-mining and bibliometric approaches,
supported by networking and more formal interviewing within the relevant R&D community.**
These tasks need to be performed longitudinally, thus informing R&D managers, policy makers,
and other stakeholders in the NSE enterprise of possible high leverage points (e.g., gaps),
emerging opportunities, subtle trends, and major developments. The maps must also be
subjected to intensive review by the subjects of the mapping through presentation at relevant

conferences and workshops.

RPM profiles R&D efforts by location (regional and international) and type of performer
(academic, government, NGO, corporate). This approach can answer such general questions as
“who is doing what?”” and such specific questions as “‘which lab in country X is pursuing Y?” In
the case of NSE, for example, a simple bibliometric profile conducted in 1995 revealed the
participation of a diverse range of researchers.” Yet interactions were not universal; there were
strong divisions of interest with little cross-fertilization. Continued monitoring of the enterprise
should begin to reveal where synergistic collaborations are emerging, and may thus permit early
identification of leverage points for focusing TA activities. The overall point is that the capacity
to understand “what is going on” from a technical standpoint in the embryonic NSE enterprise is

a prerequisite for designing effective real-time TA programs.

Communication and Early Warning.** Communication among researchers, decision makers, the

media, and the public significantly determines the complex societal relation with innovation. The
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communication and early warning (CEW) aspect of real-time TA provides empirically-
grounded, research-based strategies for enhancing the quality of the communication of scientific,
technical, and social developments. Most of the literature on the impact of technology on society
has focused on “back end”” impacts and, thus, is often not useful as a practical guide to avoiding
“front end” mistakes. There is very little work focusing on communication patterns at the very
beginning or even anticipating major scientific and technical change and its impacts, to better
allow us to understand, prepare for, and avoid conflict, opposition, and backlash—hence,
“early warning.” The recent controversy over genetically modified organisms offers a cautionary
tale about the need for such an approach: Few would disagree that stakeholders lacked a

satisfactory process to address the issue in a productive manner until it was too late.

CEW activities focus on: (1) content analysis of major media sources for public information
about the innovation; (2) social judgment research to assess public concerns about, and
aspirations for, the development and application of the innovation; and (3) survey research to
identify public reaction to media portrayals of the innovation and to track changes in public
attitudes about developments in the innovation. CEW considers not only knowledge and opinion
but affect, an underappreciated dimension of risk judgment that is particularly important with
respect to technologies that, at least in some groups, can generate fear.”” CEW activities would
allow real-time technology assessors to understand how public attitudes are evolving in the
context of both historical trends (as developed in the case study activity) and evolving scientific
capabilities (as developed in RPM). CEW also facilitates the identification of public priorities to

be addressed in the technology assessment and choice activity (below). But CEW can itself lead
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to greater knowledge and more effective communication among both researchers and the
public, and thus encourage the development of a more open process of technological co-

production.

To illustrate how such a process might unfold, consider a new idea emerging from NSE
research. Preliminary work on the design of artificial zeolites (aluminosilicate crystals whose
nano-scale pores can be designed to particular size and shape specifications) suggests that they
may have potential application for remediation of airborne organic pollutants.”® Nano-scale
zeolite crystals with intelligently designed pore size and shapes could capture specific pollutants.
These crystals could be disseminated in contaminated air, and they would behave like discrete,

free-floating, nano-scale scrubbers to clean up the pollution.

While such an approach responds to public concern about air pollution, one can easily imagine
that it would stimulate new concerns and even fears about the consequences of respiration of
the crystals and their behavior in the biosphere. CEW activities would elucidate public attitudes
about such consequences at an early stage and focus on specific issues that could become
“showstoppers” before there is a show to stop. CEW would also identify what groups and
sectors have perceived stakes in the outcomes of the research. Such insights could then feed in

to the design of participatory activities, described in the next section.

Technology Assessment and Choice. Informed societal response to innovation depends on how

well various societal actors (from scientists to the general public) are prepared for the evolving
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impacts of the innovation. Science and technology policy research needs to establish processes
that can help society prepare for making actual choices about the progress, direction, and
application of—as well as responses to—potentially transforming innovation. The technology
assessment and choice (TAC) activities have three main functions: (1) to assess, using such
traditional methods as forecasting, foresight, roadmapping, and expert elicitation, the possible
societal impacts and outcomes of NSE research; (2) to develop a scenario-based deliberative
process for identifying potential impacts of NSE research, and to chart paths, in a participatory
fashion, for enhancing desirable impacts and mitigating undesirable ones;’* and (3) to evaluate

the role of real-time TA activities on the evolving NSE research agenda.

The traditional TA function begins by scanning the literature to identify key issues associated
with putative impacts of NSE, for example, the short-term implications of initial products of
NSE versus the long-term, grand-scale changes*” wrought by the pervasiveness of
nanotechnologies, or the implications of NSE for the research enterprise itself versus
implications for society more broadly. This traditional TA can combine with research program
mapping activities to develop a fuller understanding of what particular NSE laboratories have in
hand and in mind. The objective is to establish — through lab visits, review of publications, and
interviews — not only a baseline understanding of the current state of research in particular areas
of interest (e.g., artificial cells; artificial zeolites), but also a sense of how the researchers
perceive the trajectories of their research. The traditional TA function also includes original
research into ethical, legal, environmental, social, and other implications of NSE.*! This work

focuses on particular aspects of interest, selected in part on the basis of what is learned about

17



the past in the historical analogies and about public attitudes in the CEW research. This
information then contributes to the construction of initial scenarios for the implications of NSE

that will be referents for the remainder of the TAC functions.

The second function applies participatory methods to TAC. Many kind of methods — citizens’
panels, consensus conferences, scenario workshops, focus groups, etc. — can be used.** But the
important aspects are, first, to establish a baseline of public knowledge, values, and concerns
and, second, to facilitate interaction between NSE researchers and the public. The third function
is to closely monitor the impact of these interactions between researchers and lay-persons on
the participants (through a variety of mechanisms, potentially including follow-up interviews,
web-based surveys, diaries, etc.) and track any external consequences of these efforts (e.g.,
actual impacts such as policy decisions; impacts on general thinking such as changes in research
and political agendas; and impacts on expert and lay participants’ substantive and reflexive

knowledge).*

An idealized version of these three functions might proceed as follows:

a) Working with laboratories identified in the RPM activity, real-time TA researchers construct
initial scenario for the impacts of nanotechnology, S.

b) Facilitated interaction between lab researchers and the lay public results in elaboration of

scenarios S’ and S”.
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c) Lab researchers discuss scenario S’ and S” with colleagues, think about different research
questions or strategies, make different research or application development choices, or
construct different consumer linkages.

d) Lay participants engage in real learning about the research and its possible applications.

e) Lab researchers and lay participants describe these activities in interviews, by logging them
in web-based survey or in diaries, etc.

f) Real-time TA project documents emergence of S’ or S”, in contrast to S, as an outcome.

A fundamental and testable hypothesis emerges: that participatory, deliberative processes will
stimulate efforts to enhance desirable impacts and mitigate undesirable ones through decisions
made by NSE researchers about research priorities and directions. Moreover, broader policy
issues may emerge, and the real-time TA researchers could take such an opportunity to develop
policy options for wider dialogue and action through, for example, additional outputs including
op-eds or other general writing by collaborating with participant lab researchers and lay

participants.

The appropriateness of such an approach to the examples of NSE research mentioned above—
artificial cells, and artificial enzymes—is obvious. For example, the release of autonomous
artificial cells into the environment and the health implications of respirable artificial zeolites could
well engender public concem. Early articulation of such concern, before innovation trajectories
are wired into the marketplace, could inform research strategies and goals, and thus lead to

greater concordance between public aspirations and NSE innovation activities.
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S. Implementing Real-Time Technology Assessment

We realize that the foregoing description of a real-time TA protocol is highly stylized. Our goal
has been to provide not a recipe but a mid-level framework showing, in principle, how a range
of well-established social science activities could be linked to create a coherent and societally
beneficial approach to technology assessment. In practice, several obstacles to implementing

such an approach can be expected.

Problems of scale. We have used emerging NSE research as a context for presenting our real-

time TA model but, even at this early stage, NSE activities are broadly disseminated through the
R&D enterprise. Indeed, all nations with significant R&D capabilities are now engaged in NSE
activities. The variety of potential applications for NSE, including targeted drug delivery, gene
therapy, energy storage, ultra-strong materials, single-molecule sensors, and terabyte computer
memory, is huge and growing.** To the extent that an NSE enterprise can be said to exist, it is

already too large and diverse to be the subject of a single TA effort.

The key, therefore, will be to select pilot projects that are likely to be successful (aided by the
RPM activity described above). Since success means not only the implementation of the real-
time TA itself, but also the enhanced capacity of the innovation process to deliver public benefit,
we would expect that the desire (in both the public and private sector) to implement real-time
TA protocols should propagate on the heels of well-publicized successes. Several decades ago,

the idea that energy efficiency and pollution prevention measures should be integral to private
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sector endeavors might have seemed equally quixotic. We imagine that a similar time-frame

would be necessary to gain broad acceptance for the real-time TA process.

Problems of participation. Given the embryonic state of NSE, how can stakeholders be

identified when the stakes are not yet elucidated and allocated? What would motivate the public
to participate in TA activities? One lesson of nuclear power and genetically modified organisms
seems to be that public concern usually mobilizes after a technology reaches the marketplace—
long after, in some cases (e.g., the internal combustion engine). While the value of our model lies
in its “real-time” creation of a reflexive capability at earlier stages in the R&D process, this same
characteristic may render these activities too abstract to elicit the desired involvement of non-

expert communities.

One approach to overcoming this obstacle is to choose pilot projects that raise issues similar to
those found in existing public controversies about the use of technology. Thus, latent but
potentially motivated stakeholder groups may already exist. Artificial cells and zeolites could fall
into such a category. However, where NSE frontiers are advancing rapidly, it may still be
desirable to develop a TA effort even in the absence of organized societal stakeholders. In such
cases, effective marketing (perhaps augmented by some financial compensation) may be
necessary, as in other participatory processes such as blood donation, clinical trials, and

psychology experiments.*
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Problems of organization. Central to our model is close collaboration among natural scientists,

social scientists, and members of the public. Obstacles to interdisciplinary research are legion
and well-documented,* and in this case such obstacles may be exacerbated by the differing
goals of the social scientists who are trying to implement the TA process and the NSE
researchers. All the same, our own preliminary experience with NSE researchers at Columbia
University and Arizona State University has shown a receptiveness to collaboration on TA
activities, rooted in a desire to contribute to societally beneficial outcomes. Moreover, the idea
of natural scientists and engineers, social scientists, and stakeholders and the lay public working
together is not itself novel or far-fetched. There are many instances of anthropologists and
sociologists conducting participant-observation in natural science and engineering laboratories.
In the process of technology transfer from university and government laboratories to the private
sector, social scientists and marketing, business, and legal professionals collaborate with natural
scientists and engineers to assess the potential of an innovation for patenting, licensing, and
marketing. Agricultural and technology extension programs are successful examples of
collaboration between such different types of experts. And in consensus conferences conducted
in many countries, lay-citizens have demonstrated their competence to engage questions with
significant technical content and help scientists and policy makers frame and analyze such

issues.*’

Supporting Real-Time TA. Finally, the question of how these activities will be supported looms

large. To date, no U.S. R&D programs of which we are aware include an integrated technology

assessment component of the type presented here.*® However, ten years ago there were no
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ELSI programs attached to federal science initiatives, and today they are well accepted. In one
sense, real-time TA, where the social science activities are fully integrated with the core natural
science agenda, is a small evolutionary step from the current ELSI model. In another, however,
such a step requires not only that research administrators recognize the reality of technological
co-production, but that they value making it an explicit part of the research process. Again, this
step is most likely to be taken if framed as an experiment or pilot project. The most likely
structure to accommodate such an innovation is the same kind of “overhead” that funds ELSI

research, with a small percentage of the total program budget allocated for real-time TA.

6. Conclusion

The most important challenge that science and technology policy now faces is neither one of
funding increments nor of the large-scale structure of the enterprise: R&D spending has wide
bipartisan support among both elites and the public and, although one may fret about the
distribution of R&D tasks among performing sectors and the blurring of boundaries among
them,® the collaboration of government, the private sector, and institutions of higher education is

a satisfactory and even a robust infrastructure.

Likewise, the over-arching goal of using research and research-based innovation to improve the
human condition is well-established, although it is not always well-articulated.” Rather, science
and technology policy must learn to shepherd the success of the R&D enterprise under this goal.

It must develop new approaches, within the existing infrastructure, that help assure that research
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and research-based innovation most effectively contribute to an improved quality of life for the
greatest number of people. Real-time technology assessment is one modest but critical
element—modest because its novelty derives from the assemblage of previously tested
components, and critical because it is designed to solve extant problems faced by both

researchers and society generally.

Real-time TA’s analogical case studies hold promise for encouraging contextually sensitive
innovation. Its research program mapping improves opportunities for strategically oriented
innovation. Its communication and early warning component helps assure awareness about
innovation among researchers and the public, and its technology assessment and choice
component provides a mechanism for such awareness to be reflexively incorporated into
innovation. These activities of real-time TA are not predicated on the illusion that research can
be planned or its impacts foreseen. Indeed, real-time TA is necessary precisely because
planning and perfect foresight are illusory. But proceeding without the capacity embodied by

real-time TA is a similarly grand deception.
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