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is "crucial that any new mechanism we propose foster a climate that elicits
the cooperation of business with its activities" and that "private industry
be encouraged to find its own technical solutions—not compelled to follow
solutions formulated from above."}® For a long time industry responded to
environmental, health and safety regulation by dragging its feet-—publicly
opposing regulation as unnecessary or excessively burdensome, and as
inhibiting innovation,l® and then responding by doing the minimum necessary
to conform with the law. There are indications that this climate is
changing, especially among the larger companies, and that more and more
companies are recognizing the advantages of anticipating the possible need
for regulation rather than merely reacting to government initiatives or
public interest group agitation.17 In part this has come about through
reinterpretation of corporate liability by the courts to the effect that
obedience to the law is an insufficient defense if an internal corporate
technology éssessment coulci ‘have turned up evidence of potential harm from
a corporate activity to workers or third parties. It seems important now to
build energetically on this change in attitude by incorporating the
experience of the corporate sector to a greater degree in the evaluation of
the art of TA. This is, of course, already done to some extent by OTA
through incorporating industrial scientists and engineers on its panels and
in TAAC, but what I have in mind would draw more deeply on experience with
specific technology assessments conducted by industry, treating them on a
par with assessments conducted in agencies of the Executive Branch. In
other words, I think it is time that industry be incorporated more
intimately in the social learning process that is necessary to the progress
of the art of TA.

The specific functions I have in mind in all the above recommendations
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are, in fact, outlined in some detail in the original Panel report.l8

Early Warning vs. Current Technology Assessment

A significant part of the function originally envisioned for OTA was
that of early warning, i.e. "to provide foresight on emerging issues"
before they emerge to the point of political visibility.]-9 There has been a
feeling among successive Directors of OTA that the office has not fulfilled
that function as well as it might have. In part this has come about simply
because, almost by definition, an issue of interest to a Congressional
committee has already "emerged" into the political arena; it has passed the
point where it is only a "cloud no bigger than a man's hand." Congressional
interest, however, is not as much of a constraint as is sometimes asserted,
as long as the issue being identified is one that can be significantly
affected by current government policies. Thus issues such as stratospheric
ozone depletion and the greenhouse effect were capable of arousing lively
Congressional interest and extensive hearings even when their actual impact
was believed to be 40-50 years in the future. This was because regulation
of current industrial activities could in principle significantly
ameliorate the future problem. Still, it is necessary to get the attention
of at least one or two busy Congressmen to convince them the issue is a
significant one. OTA is in a good position to do this if enough information
is available from outside scientific sources to make a case, as was true
for stratospheric ozone and greenhouse gases.

A type of early warning less easy to attract attention has to do with
effects arising from the interactions of a number of different and
apparently unrelated problems. One might appropriately refer to such
effects as a "syndiome", in analogy with medical conditions where many

different disease processes interact. We are barely at the threshold of
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being able to identify such environmental or socio—ecological syndromes
because the components which give rise to them usually occur in different
scientific specialties. One possible such syndrome that is just emerging is
the interaction between 1) greenhouse warming (and concomitant
stratospheric cooling), 2) sinks for ozone in the stratosphere, 3)
biological productivity of coastal zones as affected by temperature, ultra-
violet radiation, and carbon dioxide concentration, 4) rate of
acidification of soils as a function of temperature and changes in the
biogeochemical cycles of other elements such as nitrogen, phosphorus, and
sulfur as affected by all the other variables. Another example might be the
impact of the exploitation of genetic engineering techniques in agriculture
and forestry on the diversity of the gene pool for economically important
crops and trees (this could go either way depending on just how the
technology is used). Still another example is the second and third order
consequences of the application of information technology in production and |
distribution. What makes these issues so difficult to come to grips with is
that we often do not even know which kinds of expertise are important in
analyzing and assessing them. Here OTA might be able to perform a unique
function in bringing together experts who had never previously recognized
the relevance of their expertise to an emerging environmental or
sociotechnical syndrome. This is one of the reasons why I consider the
preservation of the "generalist" character of the OTA staff so important as
well as the extent of outreach of this staff to an unusually diverse

20

intellectual community.

Technology Focused vs. Problem Focused Assessment

The term "technology assessment"” is usually considered as referring to

the evaluation of the impacts and consequences of the implementation and
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diffusion of particular technologies or clusters of technically
interrelated technologies. It is technology-centered rather than problem-
centered. Fortunately, 'OTA has chosen not to interpret the term quite that
narrowly and has frequently conducted assessments which start from a social
problem and examine the alternative technologies which might possibly
contribute to its solution. Nevertheless, one only has to examine a list of
titles of OTA reports to see that the office feels under a certain amount
of pressure to present even problem—centered assessments as though they
were really technology centered. As long as the competing solutions to a
given social problem-are simply alternative technologies, the focus on the
technology centered approach is not really a constraint; one can consider a
very broad array of alternative technologies. But there are many cases
where non-technical and technical solutions may be in competition with each
other, e.g. where regulation or internalization of social costs through
pricing may be a better solution than new technology, or where
internalization of a social cost may not be possible except through the
invention of a new technology of distribution-—a solution which is neither
purely technical nor purely social. There is thus a non-negligible danger
that the technological focus may lead to overlooking attractive options. I
cannot cite any specific example of this in past studies; indeed, in its
energy assessments OTA has often been in the forefront of considering non-
technical alternatives. But I think the danger is there, and is exacerbated
by the understandable propensity of politicians to look for technological
solutions which appear to have minimal redistributional consequences. For
this reason I think it would be wise if OTA undertook to increase the
proportion of explicitly problem—-centered assessments on its agenda, and

gave more attention, even in its purely technological assessments, to the
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distributional consequences of the options presented for Congressional

consideration.2l

Surprises, Non-Linearities and Discontinuities

Technological and social forecasting is usually an important element
in technology assessment, since its aim is to anticipate the consequences
of the deployment of new technologies before they become painfully obvious.
Most such forecasts tend to be simple extrapolations of the recent past,
with the effect of a new policy or technology being considered as a
perturbation from a more or less stable state. Since technologies and
policies can be introduced only relatively slowly, it is expected that
systemic changes will appear only slowly and can be adjusted to. In recent
years, however, we have come to realize the importance of surprises, random
events, and discontinuities.?? Events such as TMI, Chernobyl, or the
Iranian revolution, though their probability can be estimated, cannot be
foreseen as' to their exact timing. Yet their impact depends critically both
on their exact timing and on the vulnerability of the system to such
perturbations. Such systemic wvulnerabilities can develop gradually without
any clear signs that can be readily recognized by anybody but close
students of the system, until some random event triggers a sudden
transition of the system to an entirely new state, with entirely different
parameters and behavior than the original system. Such effects are well
known in ecological theory,23 but they also occur is sociotechnical
systems. Furthermore, adverse consequences of a new technology, or, for
that matter, benefits can appear in a highly non-linear manner, often
synergistically with apparently unrelated developments in another part of
the system. |

In addition, there is a tendency to make forecasts of the future

12
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parameters of a large-scale system based on the most probable development
{e.g. the most probable average global temperature rise dﬁe to the
accumulation of greenhouse gases) and then forecast the biospheric and,
eventually, human effects based on this most probable value. But the
consequences of warming can depend in a highly non-linear fashion on its
magnitude. Thus catastrophic human effects could result from parameter
values out in the tail of the probability distribution, but where there is
still a not insignificant probability of that parameter value occurring.
Thus, in the global warming example, an average warming three times the
most probable value might still occur with, say, a one percent probability,
which one would regard as unacceptable if the consequences were
sufficiently severe.?4 But we are not accustomed to think of gradually
cumulating effects in this way. It follows from this discussion that there
is a strong need for considering distribution functions for key parameters
of a problem arising out of ung:ertainty and looking at human consequences
for several different values of parameters in this distribution. If the
function of technology assessment is foresee the consequences of policies
or technologies and let the political process choose the most desirable
policy according to prevailing social values and preferences with regard to
consequences, then it is obligatory not to deal just in most probable
outcomes but in probability distributions of possible outcomes. This is
something that is infrequently done.?3

Science Advice vs. Technology Assessment

There has always been an ambiguity in the mission of and Congressional
expectations from OTA. Although the original legislative language seemed to
call for primarily technology-focused assessments of generic technologies

prior to large-scale deployment, Congressiocnal expectations seemed to call
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in practice for essentially a Congressional analog of the President's
Science Advisory Committee (PSAC). There has thus been a continuing vdebate
as to whether the original concépt of TA was too restrictive, and whether
what Congress really needed was comprehensive access to non-partisan
technical advice independent of what they received from the Executive
Branch. While I have no strong opinions on this point, I feel that the
opportunity costs of a significant broadening of the mission would be
considerable. Adequate fulfillment of the narrower mission already requires
a very high degree of selectivity on the part of the Director and TAB on
what is undertaken. If some of the suggestions I have made above regarding
problem—-focused assessments and the early warning of impending "“syndromes"
were adopted, the mission would already be considerably broadened. Thus, a
general scientific advisory function would almost certainly require
considerable expansion of OTA, with attendant bureaucracy and
overspecialization discussed above. The present concept of technology
assessment does not appear to be too restrictive if OTA and the TAB want to
occasionally step out.:side its narrow definition, as they did in the Health
of Science study in the 1970's, or to some extent in the present
"Technology and the American Economic Transition" study. It seems to me
better to stick with the narrow definition wile informally permitting an
occasional departures from it rather than explicitly broadening the
mission.

Public Participation

As hinted above, I believe the present mechanisms being used by OTA
allow for adequate input from the public, and that any appreciable
expansion of publib participation would be excessively burdensome and
result in reduced output of OTA which the Congress could ill afford to have

14
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happen.The only possible exception to this recommendation would be that OTA
might wish to commission occasional public opinion surveys related to
technology assessment issues as a supplementary source of additional input
to its regular TA activities. This might be especially useful in
connection with such issues as future space policy and the regulation of
biotechnology. In one sense it could be regarded as a form of "early
warning” function, since unanticipated public opposition to particular
technologies could be one of the "surprises" that affect the ewvolution of
technological diffusion.

International Aspects

As one looks to the longer term future, one could envision OTA
becoming the most important node in a multinationa_l network of TA
activities, in which exchange of information and experience between
_countries and between the US and international institutions could become an
important added value. The OTA has already attracted muéh favorable |
attention abroad, and a number of countries are experimenting with the
establishment of government-sponsored TA activities. A good deal of what is
done in some international organizations, such as the DSTI unit of OECD, is
really a form of technology assessment. The assessments conducted in the US
on specific emerging technologies could often benefit greatly from an
international perspective. This is particular true in regard to
technologies for the delivery of "collective" services such as urban
services, waste management, or labor market services and employment

training in relation to rapidly changing technology.26

Recapitulation
In summary, the preceding essay reaches the following conclusions:

1) The present system of governance, staffing, and size of OTA is probably

15
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close to optimal, and it should resist any pressures for growth. If there
is}to be any growth of TA as an activity, which I think is in the public
interest, it should be in the Executive Branch and the private sector.

2) With respect to the overall mission of OTA, the present fairly
circumscribed definition of TA is probably satisfactory provided some
occasional departure from the narrow definition is tolerated on an
opportunistic basis. It should not aspire to become a sort of
"Congressional PSAC."

3) The function originally envisioned for OTA of reviewing and coordinating
technology assessments performed in the Executive Branch and the private
sector should be strengthened, primarily for the purpose of providing for
greater cumulative learning about the methodologies and organizational
processes for performing TA.

4) The early warning function of OTA needs to be further strengthened and
expanded, with particular attention to the treatment of surprises,
discontinuities, and non-linearities and more systematic exploration of the
probability distribution of societal outcomes.

5) There should be even more emphasis on problem—-focused as opposed to
technology-focussed assessments, and greater exploration to identify
"syndromes" involving the mutual interaction and interdependence of
apparently unrelated problem areas.

6) OTA should continue to expand its international contacts and to take
greater advantage of TA being performed in other countries and by
international institutions. Ideally it should aspire to become the most

important node in an international network of TA institutions.
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