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Science and Technology: Who Governs?

The reasons typically cited for external regulation of science and
technology in our society are both obvious and compelling. Science and
technology are pervasive forces in modern western society and it is
impossible to read the daily newspaper without encountering articles
documenting both their benefits and risks. No society should or would

be willing to put into the hands of a small group of scientists and
technologists the unchecked and unrestrained power to affect its environment

and the lives of all its members.

A second reason for some form of external regulation lies in the
character of democratic society. We accept the prinéiple that all power
in a democracy flows from the people to and through their elected
representatives. The people of a democratic society reserve to themselves
the power, both directly and through their representatives, to influence
public policy decisions and ultimately to govern the conduct of all

social institutions which impinge on their lives.

Finally, since a major sharc of science and technology is either
directly or indirectly supported with public funds, the simple principle
of accountability demands that those engaged in publicly funded enterprises
be responsible and accountable for their actions to those who pay the
bill.

Because of the virtually unanimous acceptance of these principles,
we have already created a wide variety of both formal and informal
mechanisms which regulate and restrain science and technology. The real
question we must face, therefore, is not so much whether or not there
should be external regulation and governance of science as whether or
not the present mechanisms of regulation work for the most part, and if

they do not, what modifications are necessary to make them work.

It is basic, in launching this whole discussion, to understand and
accept the premise that, by its very nature, scientific research is an
essay into the unknown, and that some of the generally used principles

of risk assessment and evaluation are less effectively applied to this
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sort of activity than to such technologies 4s automotive or air transportation,
in which both the character and the extent of risk can be more easily

defined and measured.

As might be expected, the existing mechanisms for governing science
and technology in our society share some of the ad hoc, improvisatioﬁal
and unintegrated qualities of many of our political institutions. For
more than twenty-five years political scientists have been writing

articles with titles like Ten (or Twenty or Thirty) Billion Dollars in

Search of a Policy. Well organized scholars have sometimes found it

difficult to accept the decentralized, fragmented, sometimes adversarial,
free marketplace approach to support of science which has characterized
many of the agencies of our government since the end of World War II.
Many have advocated tighter, more centralized, more rational, more
highly organized, morc coherent, and more effectively integrated long-
range plans for public support of research, conceived and implemented by

a more efficiently institutionalized planning structure.

Since our mechanisms for governing, regulating, and restraining
science resemble our science funding mechanisms, they too seem both
redundant and inefficient by organizational standards. This paper will,.
therefore, be concerned, amoﬁg other issues, with the following question:
would a set of better designed formal and institutionalized regulatory
mechanisms be likely to confer greater costs or benef}ts on our society,

compared to the unsystematically developed machinery now in existence?

Types of Regulatory Mechanisms
Basically, therc are some five types of restraining and regulatory
mechanisms which can be imposed at various stages of the research and

development process.

1. The legislative power of appropriation. The Congress has the power
to control appropriations to the various mission-oriented and other
scientific agencies of government. While withholding funds does not
necessarily mean cessation of research, the 1ack‘of public funding

" for any program Or speciaiizcd area of research or development has

a profoundly inhibiting effect upon work in the area.
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2. The power of a variety of federal, state, and local statutes which

are designed to limit or check the negative impacts of technology.

3. The investigatory and enforcement power of a variety of federal and

state regulatory agencies, many of them established by these statutes.

Among these agencies are the Environmental Protection Agency, the
Nuclear Regulatory Commission, the Food and Drug Administration, the
Federal Communications Commission, the Occupational Safety and
Health Administration, state Environmental Protection Agencies, and

a number of others.

4. The power of committees and boards of approval in research institutions

themselves. These Institutional Review Boards and Committees on the
Use of Human Subjects must give administrative approval to protocols
of proposed research which makes use of human subjects. In addition,
most institutions oversee the facilities in which research animals

are housed and the experimental procedures in which they are used.

5. The power of the judicial system at every level to issue injunctions

restraining activities perceived to violate statutes or the rights
of individuals, and to hear cases, judge compliance with the law,

and impose penalties.

The very considerable influence of all these restraining and regulatory

mechanisms seems sometimes to be overlooked by proponents both of scientific

self-regulation and of more highly institutionalized external control.
The nature and extent of this influence will be explored later in this
chapter;ban evaluation should first be made, however, of the expressed
fears of some scientists that any external regulation poses the threat
of extinguishing freedom of scientific iﬁquiry and imposing on the
scientific community the dogmas of particular civil authorities. The
cases of Galileo and the Roman Catholic Church and of Soviet genetics
during the Lysenko period are commonly invoked to illustrate the dangers
of this sort of external governance. Leonard Cole analyzes these cases
in the context of their times and cultures and argues convincingly that
the ccclestical and political institutions and precedents responsible
for thesc suppressions of free scientific inquiry are simply not present
in contemporary Amecrican life and that, therefore, we run virtually no

risk of this sort of repressive control. Further, he asserts that
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careless analogy which blurs the distinctions between appropriate social
controls on science and technology and heavy-handed political or theological
domination of science creates risk for both science and the general

public.1

This argument, coupled with the accepted influence of a variety of
existing regulatory mechanisms, makes irrelevant or purely theoretical
the case for completely untrammeled and unconstrained freedom of the
researcher. The real issue, therefore, is not one of simplistic contrast
between scientific autonomy and a smothering blanket of external control.
Rather, consideration of both history and contemporary science demand
answers to a more complicated set of questions, namely, just what scientific
activities are regulated, in what ways, by whom, under what circumstances,

and to what ends?

The Relations of Science and Technology

Many discussions of this question use the terms science and technology
in tandem, and appear to recognize no significant distinction between
the two. The fact that two separate terms are used suggests, however,
that there is a difference between them and that it should be understood.
Weingart makes the case that despite their apparently disparate roots 1in
pre-history--science being grounded in the explanatory role of the
priest and the magician and technology in the accidental and trial-and-
error empiricism of the craftsman and artisan--the two had become virtually
indistinguishable in the pre-paradigmatic period of modern science.2
The amateurs who belonged to the newly established scientific societies
of the 17th century were edually concerned with theory and practice, and
were as avid to discover how mechanisms worked in practice as to understand
more fundamental scientific pf‘jinciples.3 According to the charter of

the Royal Society, it was the business of the Society to "improve the

knowledge of natural things and all useful Arts, Manufacture, Mechanic

practices, Engynes and Inventions by Experiment...for explication (of)

all phenomena producediby nature or art..."4 The absence of any institutional
separation between science and technology, as illustréted by these words

of the charter, persisted for the hetter part of a century. With the

gradual development in the late 18th and the 19th centuries of paradigmatic
science, however, especially as conceived and practiced by the German

universities, the streams of scicnce and technology began to diverge,
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with science seeking to develop conceptual principles and fundamental
understanding of nature, and technology both reducing these principles

and this understanding to practice and operating independently of science,
in traditional empirical fashion. University science, which became
concerned with methods of learning and creation of general principles of
knowledge, viewed technology as subsequent to science and concerned only
with specialized application of scientific concepts to production of

useful mechanisms, devices and practices.

Although this period. of divergence between science and technology
extended into the early years of the twentieth century, the greater part
of this century has witnessed a reconvergence of the two. The causes of
this reconvergence were several: the exhaustion of the possibilities of
further basic research in certain scientific areas, the obviousness of
~ technological applications in others, and, because of the continuing
accumulation of theoretical knowledge, the scientification of many areas
of technology. Illustrating the first cause, Weingart points out that
the National Academy's 1973 cvaluation of eight subfields of physics
- characterized such areas as optics and acoustics as 'high in their
potential for contribution to technology' rather than having potential
for discovery of fundamental laws. An example of the second cause is
recombinant DNA research which, while still extraordinarily rich in
potential for further fundamental research, has such obvious applicability
to a variety of applied and technological biomedical issues that the
simultaneous conduct of basic research and technological application is

almost inevitable.

Finally, the accumulation of fundamental physical, chemical, and
biological theory has been so great that there is great impetus to
scientize and rationalize many areas of applied technology.5 In other
wofds, rather than following more traditional trial-and-error empirical
techniques in developing new technologies, there is an increasing tendency
to refer technological problems to a context of theoretical understanding
for solution. For example, a cancer chemotherapy program; involving
routine brute force, trial-and-error testing of vast numbers of chemicals,
yields inevitably in today's more theoretical and "scientific'" environment
to an approach in which our conceptual understanding of chemical-biological

system interactions increasingly directs and controls experimental



rationale and procedures. In the same way, Ziman points out that, in
doing rescarch on the phenomenon of 'fatigue' in metals, 'we are almost
forced into the position of saying that on Monday, Wednesday and Friday
we arc just honest seckers after the truth, adding to our understanding
of the natural world, etc., while on Tuesday, Thursday and Saturday we
are practical chaps trying to stop aeroplanes from falling to pieces,”6
so intimately related to basic physical and chemical theory are many

contemporary issues of technological investigation.

As a result of this reconvergence of science and technology, the
most important contemporary distinction between science and technology
may involve their social conteﬁt, rather than the subjects of their
research or their experimental methods.7 1t is the character and the
organization of those to whom the investigator directs his communications
which increasingly determine whether what is done should be called
science or technology. If the communication is directed to an invisible
college of peers, if few or no constraints arc imposed on the dissemination
of this information, if the typical medium of communication is, first,
the scientific meeting and then the séieﬁtific journal, we can judge
that it is science which is>being done. 1f, on the other hand, the
audience for the investigator's communications exists at another level
in an organizational hierarchy of which the investigator is part, if
reports must be reviewed and cleared before being released, if limits on
communication must be imposed to protect the information and permit its
exploitation, we can call what is being done technology. Even in the
university, the traditional sanctum for "pure'" research, the interest in
patents and copyrights and their licenses, in spinoff companiés, and in
university-industry joint ventures is causing a change (though so far, a

relatively modest one) in traditional scientific communication patterns.

Technological Basis of Most Risk

When we consider the issue of the social costs and risks of research
in the light of this new and developing reclationship between science and
technology, virtually all of them seem rooted in technological rather
than scientific enterprises. The problems of siting nucledr power
plants and handling and disposing of radioactive and toxic chemical
wastes, of dealing with acid rain, of air, water and land pollution, of

energy generation and its environmental impact, human nutrition, carcinogenesis,
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and a host of others, all relate to activities most vigorously pursued
in what we define as technological organizations. The only widely
identified potentially high risk activity which is at least as strongly
pursued in basic research environments as in technological institutions
is recombinant DNA research - and even that is moving at an increasing

pace into a more technological mode.

To elaborate this issue, we may examine Cole's illustrations of
scientific abuse in the Tuskeegee syphilis study, CIA Mind Control
experiments and Army Germ Warfare tests.8 While'the argument is certainly
valid that the scientists engaged in these experiments should have
protested against the unethical treatment of research subjects and
against the unwarranted risk to which non-consenting members of the
public were exposed, the fact is that all of these--as well as other
similar risk-engendering research--were programs sponsored by agencies
of government in pursuit of their institutional goals rather than the
products of disinterested, independent scientific inquiry. 1In other
words, these ethical breaches were committed by what are, in terms of
our definition, technological organizations. It is true, of course,
that these experiments were not all necessarily statements of national
policy nor parts of a national scheme condoning abuse of research subjects
(as, for instance, were the Nazi experiments on human subjects), but
they certainly did not stem from the pure scientific curiosity of the

investigators alone.

Risks and Abuses of Science and Technology

Accepting this distinction between science and technology, and
freely granting the general principle of accountability of scientists,
whether functioning in basic scientific or technological organizations,
let us more systematically explore the range of scientific abuse that
societal oversight should identify, characterize the controls imposed by
existing mechanisms of regulation, and judge what, if anything, might be
accomplished by the creation of additional echelons of governing mechanisms.
All abuses created by and risks engendered by science appear to fit one

of the following five categories:

1. Incompetent science: inadequacy ot design, ignorance of the literature,

inappropriateness of methods to the problem and similar faults.



2. Fraud: - deliberate theft of information, plagiarism, distortion,

misrepresentation, or fabrication of results.

3. Abuse of research subjects: deception, failure to obtain informed

consent, or withholding proper care from subjects.

4. Imposing first order risks on the public: for example, creating new

pathogens or chemicals for which adequate sufeguards do not exist

and which could directly harm the public.

5. Imposing second order risks on the public: doing research which,
though presenting no immediate risks, may introduce technologies
which could have significant negative impacts on social, economic,

political, or ethical institutions or norms.

What protections against these abuses are already offered by existing
regulatory institutions and procedures? Can additional constructive
safeguards be anticipated by creating new governing mechanisms? Consider

each category by itself.

“The first arca of abusc--incompetence--does not really pose significant
risk to the public except insofar as it may waste funds better expended
elsewhere. Furthermore, there appears to be no way in which non-specialists
can effectively identify it. It is in this area that peer review functions
to prevent incompetent research from being funded and, if it is performed,
to prevent its results from appearing in the scientifically sanctioned

archival literature.

The second area of abuse--fraud--is likewise not identifiable in
“advance. No prior announcement is made of the intent to fabricate,
misrepresent, or steal results, and only those acquainted with the
research area and capable of replicating suspicious studies can identify
fraud. Once more, peer review is thermeans most likely to identify
fraud. Recent disclosures of fraud suggest that the scientific establishment
is reasonably effective at policing this kind of abuse and, further,
that scientists find it very much in their interest to detect and expose
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