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READINGS IN TECHNOLOGY ASSESSMENT

Selections from the Publications
of the Program of Policy Studies
in Science and Technology

I.  INTRODUCTION

In 1966 The George Washington University made a deliberate
institutional decision to inquire into the means by which the know-
ledge and analytical resources of a major university in the Nation's
Capital might be usefully related to the on-going public ﬁolicy
process while simultaneously strengthening the rééearch and instruc-
tional programs of the university. A generous institutional grant
from NASA enabled the University to establish the Program of Policy
Studies in Science and Technology which was to be applied to the
development of ''a university policy analysis capability."

The Program of Policy Studies is an interdisciplinary, Univer-
sity-wide policy analysis group. The Program has a core staff of
full-time professional researchers representing a wide range of dis-
ciplines. The Program draws on the resources of the University

faculty, graduate and professional students and research facilities.

'The Program's special strength is the capability to assemble and

manage interdisciplinary analysis groups. Continuing relationships
are maintained with the governmental agencies, professional associa-
tions, and other private sector representatives in the Washington
area.

The Program has taken an active interest in all areas of Science,
Technology, and Public Policy. Members of the,staff have had an

early, intense, and continuing interest in the development of Tech-
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nology Assessment concepts and methodologies. This aspect of policy

studies is especially appropriate since Technology Assessment involves

an interdisciplinary analytical process designed to provide decision
makers with information on the total social implications of proposed
programs and projects.

The Program produced approximatély 40 publications relating to
Technology Assessment during the period of the NASA award. These
studies explore the historical, theoretical, methodological, and
institutional aspects of assessment. Many of these publications
represent early efforts to probe the concept and methodologies of
the assessment function. They have served, along with the contrib-
utions of many other institutions and scholars, to acquaint a gener-
ation of technology assessment practitioners--both graduate students
and policy makers--with the process of technology assessment.

This volume has two purposes. The first is to republish, in
whole or in part, PPS technology assessment publications still in
demand but now out of print. The second is to publish in one volume
some of the Program's more significant assessment studies. With
these objectives in mind, the papers selected for this volume are
organized to reflect the Program's research in the following areas:
development of the concept of technology assessment; institutionali-
zation of technology’assessment; the interface between law and tech-

nology assessment; and assessment case studies.

- II. DEVELOPMENT OF THE CONCEPT OF TECHNOLOGY ASSESSMENT

Technology assessment is not one clearly defined analytical

technique. Quite the contrary. »It embodies several essential proc-
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esses: problem definition, data gathering, analysis of alternatives,
and policy implementation. However, the assessment procedure will
vary with the task-objective given or posited, including such var-
iables as the nature of tie technological project configuration to
e assessed with respect to defined social environments,

The Program's publications on the development of the concept of
technology assessment reflect a variety of cOnceptual facets.

Kranzberg's paper, Historical Aspects of Technology Assessment,

indicates that current concepts of technology assessment and efforts
to institutionalize the assessment function clearly have antecedents
in the events and decisionmaking sequences of the past. The excerpts

from Coates's larger study, Technology and Public Policy: The Proc-

ess of Technology Assessment in the Federal Government, summarize

the basis of early legislative concern for establishing é legisla~
tive technology assessment component to aid in public decision-
making.

The Technology Assessment task must confront the interacting‘
variables—--conditions and trends--of an evolving social process.
Contextual factors are obviOusly of great relevénce ﬁo the defini-
tion of the relevant problem situation. Thése topics and others

are discussed in Mayo's paper, The Contextual Approcach to Technology

Assessment: Implications for 'One~-Factor Fix' Solutions to Complex

Social Problems. It is an obvious fact that we have attempted to

solve, alleviaté, or somehow cope‘with‘intricate social problems by
totally inadéquate'“single f;étot“ means whether the latter be legal,
economic, oY technological. The contextual approach undertakes to

demonstrate that technology assessmcnt assists in the identification

L




RV p—
[

R R R

l of the full range of implications of taking a particular action and,
in addition, facilitates the consideration of alternative means by
which the total affected social problem context might be changed by
available project options.

| ‘ The paper by Black, Technology Assessment: What Should It Be?

provides a special perspective on the technology assessment function.

It stresses the necessity of uncovering unsuspected relationships
in proposed actions, and treats the feasibility of using decision
theoretical models to cope with‘problems of uncertainty in the fﬁ—
ture-oriented analyses characteristic of assessments. Mayo's paper

on Social Impact Evaluation sets forth an anticipatory assessment

construct which emphasizes the importance of concepts and standards
'é ' of "social justice" or schemes of social value weight and distribu-
tion in performance of the assessment task.
i : The Program's publications have also feflected another aspect
of conceptual development, i.e., refinement of the methodology of

technology assessment. Jones's paper, Generating Social Impact

! Scenarios: A Key Step in Making Technology Assessment Studies,'sum-

marizes a methodology developed by the‘Mitre Corporation for the
3 ﬁ . ..0Office of Science and Technology. This paper was presented in a
seminar series the Program conducted on technology assessment. The
conceptual and methodological importance of doing retrospective o

technology assessments is summarized in the research proposal:

Retrospective Technology Assessment: Submarine Telegraphy.
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ITI. INSTITUTIONALIZATION OF TECHNOLOGY ASSESSMENT

.The Program's papers and reports on the institutionalization of
technology assessment represent several different perspectives and
levels of analysis. They include examination of the institutional-
ization of technology assessment in the legislative and executive
branches of the Federal government and in State government. The
important issue cf public participation has also been addressed.

Drawing upon teaching, governmental aﬁd policy analysis exper-
jence, Mayo prepared a detailed analysis for the Congress of the
relationships between an institutionalized assessment function and

1egislative information gathering and decisionmaking needs. This

is reprinted as: Some Legal, Jurisdictional, and Operational Impli-

cations of a Congressional Technology Assessment Component.

Mayo's paper on Some Implications of the Technology Assessment

Function for the Effective Public Decisionmaking Process undertakes

to analyze ways in which the institutionalization of the assessment

function can affect the following phases of the public decision pro-

cess: problem perception, problem definition, data assembly, inven-
tion of alternétives, evaluatiop of options, authorization, imple—
mentation, operation, appraisal, and modification.

Presented next are excerpts from one of the Program's studies
on the implementation of technology assessment, or the use of tech-
nolbgy'assessment information‘in decisionmaking. - This study was pre-

pared by Kasper, Logsdon and Mottur and titled: Implementing Techno-

~logy Assessments: Final Report of the Technology Assessment Imple-

mentation Project.

B T T ST T T T T T L O T I I

- Reprinted in its entirety is Coates's Summary Report: Technology




-6 -

and Public Policy: The Proucess of Technology Assessment in the Fed-

eral Government. This review covers the following topics: 1) who is

doing technology assessment, 2) organization of:technology assess—

ments, 3) disciplines and techniques used in technology assessment,

4) analysis of a sample of technology assessment studies, 5) gaps
and overlaps in federal technology assessment, 6) prerequisites for
further improvement of governmental technology assessment.

As part of its four-part program to develop priorities for |
technology assessment research both for its own support program and i
for the congressional Office of Technology Assessment, the National i
Science Foundation awarded a grant to the Program to prepare a
statement on technology assessment priorities in the Executive branch.
Excerpés from the Program's report include: ''Candidatzs and Priorities
for Technology Assessments: A survey of Federal Executive Agency
Professionals."

Executive and legislative staff in State gbvernments have ex-
pressed keen interest in usipg technology assessment to improve
decisionmaking. In 1974 the Program staff participated in a con-
ference on fhis topic. Excerpts are taken from the report: The

Southern Regional Conference on Technology Assessment.

Coates has followed closely the origin and evolution of the

congressional Office of Technology Assessment. Her first evaluation

TS S I T T S T

of the Office's performance is reprinted as: Emerging Trends in

4

Technology Assessment.

A considerable body of research has been devoted to examining
the role of the public in technology assessment. Two foci are ap-

parent. One relates to using citizen's opinions, attitudes, and
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reactions to technology as data for the conduct of the assessment
process--that is, to use this information to estimate the social
impacts of technology. Another research focus examines éhe effort
to enhance the power base of the public in implemen%aing the results
of a technology assessment. The Program's research has addressed
both of these topics. Selections come from: Mottur's paper on

Technology Assessment and Citizen Action, and Coates's paper on

Technology Assessment--New Demands for Information.

The selection from the Program of Policy Studies Evaluation of

a Technology Assessment Performed by Oak Ridge National Laboratory

on the Modular Integrated Utility System Technology (MIUS) is in-

cluded for the purpose of indicating a further development in the
institutionalization ! >cess. This evaluation of anvagéessment is
jndication of the need to establish professional standards for
judging the adequacy with which assessments are performed and for
analyzing the sufficiency of the definition of task-cbjectives that

are given to or posited by assessment entities.

IV. INTERFACE BETWEEN TECHNOLOGY ASSESSMENT AND THE LAW

The first paper in this section undertakes to provide a basic
framework for the consideration of the purposes and techniques of
scientific method and adversarial system. Similarities and differ-
ences in these two technigues of inquiry are considered. The role
of scientific method. on the one hand and adversarial system on the
other, with reference to their relevance in the performance of as-

sessments, is the primary concern of the paper by Mayo, Scientific

Method, Adversarial System, and Technology Assessment.
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Jones' paper, '"Advocacy and Technology Assessment,' presents a
highly structured and unusually rigorous treatment of adversarial sys-
tem ass applied to technology assessment. The role of adversarial sys-
tem in technology assessments, particularly in connection with the
discussion of criteria of adequa:y of assessments, should be a contin-

uing reference source for those involved in the assessment function.

The monograph by Green on Law's Interface with Expanding Tech-

nology presents the author's views on the interaction of technology

assessments with the process of political decisionmaking. Green

suggests a number of reasons why those engaged. in the assessment
function should not be overly optimistic of the impacts of assess-

ment outcomes on political decisionmaking.

V. CASE STUDIES

Students of technology assessment have recognized that the pur-

pose. or task-objective of assessments may vary greatly, depending

either upon the analyst's interest (if he has the privilege of sel-

ecting the topic) or upon the requirements of the sponsoring agency

if the assessment is undertaken through contractual or grant arrange-

ments.,

Many papers and studies which do not conform to a strict notion

of an assessment methodology may, nevertheless, indicate phases of

thought development about the assessment task or assist -in the under-

standing of the basic purpose‘of the assessment function, i.e., to

clarify policy options or alternative project configurations.

One of the earliest assessments undertaken by the Program

was directed to Early Experiences with the Hazards of Medical Use

of X-Rays: 1896-1906 by Marx. This is an interesting early attempt

—
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to "feel our way" in assessment methodology as well as to look at
the perceptions which existed at the time of the introduction of a
significant new technology. The extract selected concerns operation
of the technology assessment process in early experiences with the
hazards of medical use of X-Rays.

The paper by Wollan, Controlling the Potential Hazards of Gov-

ernment~Sponsored Technology is an early attempt to examine the ab-~

ility of governmental agencies to adequately assess technological
programs or projects to which they are committed. Wollan reviews
the hazards of government-sponsored activities, including weather
modification, supersonic transport noise, and the value conflicts
involved in‘the flouridation controversy.

The paper by Mayo, Consideration of Environmental Noise Effects

in Transportation Planning by Governmental Entities reviews the ev-

aluation of environmental concerns with respect to major transport-
ation systems: the inter-state highway system and commercial air
transportation. The paper sets forth in relatively brief form the
type of planning thét'was done for interstate highway system and
suggests the shift in social value emphasis that has become apparent
during the approximately 20 years since the interstate system was
authorized. While the focus of the paper is primarily on transport-
ation noise, it reflects the growing significanée of a variety of
new concerns about the quality of the social environment in the
1960's and early 1970's.

A paper of considerable current interest is that of Genetic

Technolqu: Promisés and Problems by Frankel which is directed to

the evaluation of the emerging technologies of gehetic medicine.

T
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The paper focuses upon the growing acquisition of new diagnostic
capabilities, their consequent impact on screening and counseling
for genetic disease, and the policy issues stemming from these cap-
abilities.

The growing concern with energy is reflected in the assess-

ment by Coates in a report on Community Level Impacts of Expanded

Underground Coal Mining. This paper perhaps is more representative

than any of the others in Part V of the concepts and analytical
techniques now associated with technology assessment. The paper
identifies and evzluates the potential secondary consequences Of
rapid community growth in deep mining localities and the ability of
affected communities to absorb and manage such growth.

The Abstract from a report An Integrated'Strategy for Aircraft/

Airport Noise Abatement: A Legal-Institutional Analysis of §7 of

the Noise Control Act of 1972 and Proposals Based Thereon is included

for the reason that it represents an assessment task-objective which
is not always differentiated from the more common approach of pro-
posing a technological project configuration and asking what likely
social benefits and costs‘will result. Rather'than being presented
with a specific aircraft/airport noise plan for assessment, it was
the task of the Program staff to construct and assess alternative
abatement configurations. This abstract of a rather substantial re-
port on aircraft/airport noise examines the development of the air-
craft noise control structure since the Griggs case of 1962 which

crystallized legal doctrine by placing the responsibility upon the

. airport operator rather than the carriers or the Federal Government,

i.e., the public. This legal "one-factor fix" simply was not an ade-

et
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guate solution to a growing social problem. However, ten years
elapsed before the Noise Control Act of 1972 undertook to estab-
lish the legal-institutional framework within which an adequate air-
craft/airport noise abatement program might be initiated with con-
cern for full recognition of all the beneficial and detrimental

consequences of air transportation and appropriate distribution of

benefits and costs. i
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HISTORICAL ASPECTS OF TECHNOLOGY ASSESSMENT

Technology assessment as a limited art is nothing new. Simple assess-

ment is close to the purpose of any innovation, even if only a mere guess
that it will ﬁork to some good. It goes back to prehistory. We can
imagine some forebear of homo sapiens picking up a stone to kill small
game or to beat a neighbor——or his wife--over the head. He had glimpsed
the purpose in advance. He immediately confirmed the efficacy of the
weapon, no doubt with grunts of delight.

Every new tool, machine, process, technique, design, or product is
judged in the light of its efficiency in meeting some need. Technology
assessment still tries to answer questions about efficiency, cost, and
function related to purpose. These questions run to how tc make work
easier or life more pleasant, how te make money, how to kill or destroy
more effectively, and in gemeral how to achieve specific goals the
innovators seek. For most of histwory, technolegy assessment has been
narrow and immediate, but within these limits perhaps effective., More
remote and broader effects were dgnored.

The pyramids, for all we know even today, preserved an& sustained
the pharaohs' ka's, or spirits, im the afterlife. From the standpoint of
the pharaohs--and they were the only people whose assegsments counte&'
then-~the pyramids were a worthy ailocation of resources, admirably
fulfilling the specdial requireménts for tﬁe afterlife of the god-kings.
From the standpoint of the millions of workers whose labor‘built these
great monuments and of the inhabitants of Egypt as a whole, the pyramids

were an unmitigated disaster. Still, the pyramids satisfied first-order .

| , e
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assessment in the light of Egyptian learning and social structure, which
placed the pharaoh at the top of the pyramid, figuratively speading.
Throughout history most other first-order requirements have been
economic or military in nature, conceived in the narrowest possible
fashion. But second-order effects--effects on the entire economy,
gocial effects beyond the economic, the soclo-economic aftermaths of
war affecting both victor and vanquished-~these were rarely, if ever,
considered. Second-orderkand more remote effects occurred, of course,
but their prediction was diffuse and unlikely to be convincing. In
that connection I recall a cartoon which appeared many years ago in the
late Collier's magazine. A caveman emerging from his cave with a bow~
and-arrow remarked to his companion, "This new little invention of mine
will make war so horrible that men will never make war anymore."
Only when random invention began giving way to systematic innovation
could technology assessment look much beyond first-order effects. Yet
failure to assess the far-reaching effects of technology did not, as 1

have noted, keep them from occurring. Vast improvements in man's living

‘conditions, his conquest of the environment, and the uplifting of social

and educational standards were wrought by technological advances in
agriculture, construction, transport, and communications--even though -
for the most part innovations in those fields were made by men who
considered only limited first-order effects. |

By now we have awakened to the fact that technology has social
and human effects which we historians can clearly detect by our 20-20
hindsight. Today we claim--or some of us claim—-that'these effects are

calculable in advance. The historical developments which have brought

R T T A T T




about this change I shall discuss under the headings of (1) the broadening
through the centuries of the social context for technological change szud
assessment, (2) the growing need since the Industrial Revolution for
assessment, (3) the recent deepening awareness of the impacts of tech-
nology, (4) the development of social and communal responsibility for

technology, and (5) the current growth in the assessment capability,

Broadening of the Social Context for Technological Change and Assessment

The example of the pyramids showed how technology assessment once
was concerned with but a single individual, the god-king. 1In classical
antiquity, and indeed through much of history, the range of assessment
extended only to the benefits for a small, elite group. This limited
the impetus for technical innovation. The Hellenistic scientists, for
example, knew about the power of félling water, the force’of air -pressure,
and the energy of expanding steam. They were familiar with the principles
of force pumps, water wheels, windmills, rotary grinders, and even the
reaction steam turbine. But instead of using'this krnowledge -and these
mechanical appliances. to performkﬁork, they made toys.

Hero of Alexandria, who lived in the first centﬁry A.D., described
78 machines in his treatise of Pneumatics. There were siphons for pro-
ducing the illusion of turning water intb wine. One contrivance 1it
fires in hollow altars; the expansion of the air exerted pressure‘thtbugh
conéealed pilpes forcing libatiomns of‘liquids onto the flame.‘ Another
air-expansion device within the altar opened the doors of the temple and
later, as the fire died,‘closed them automatically. He:o‘is even‘said to
- have devised the first autométié vending machine. It sold hoiy water,'an

. ‘automatic vending market which has so far eluded the Mafia in our country.

—
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Hero and the other Hellenistic scientists failed to apply scientific
knowledge and discoveries co control the environment by reason of social,
not intellectual, deficiencies. They considered only the welfare of a
small number of individuals rather than the entire population. The
majority of the people were workers, the lowest elements of society and,.
in most cases, slaves. There was little need to improve technical devices
to save cheap slave labor.

Medieval society, still elitist in nature and contemptuous of
manual labor, dropped the institution of slavery, and despite the
popular myth to the contrary, the rising classes of artisans and merchants
were receptive to technological change. The guilds of canny craftsmen
were quite aware that :f they failed to adopt an innovation in productiocn,
other artisans’would, and ﬁarkets in the next city might be lost.

When the spinhing wheel first appeared in Europe toward the end
of the 13th century, it must have caused uﬁemployment. Yet the first
mention of the spinning wheel in a guild regulation of about 1280 merely
prohibited the use of wheel-spun thread in the warp (as distinct from the
weft), presumably because it was not yet as strong as that produced by

hand. The object, then, seems to have been to protect the quality of the

cloth, not to rule out technical improvements.

On close inspection, we find very little guild opposition to
industiial changes before the 16th century. When opposition appeared,
it was because the pace of techno}ggical change was quickening, and a
new industrial system was beginning to appear. The guild structure itself
was slipping, fightiﬁg in vain for its very existence. As a flourishing

part of medieval soclety, the guilds were strong enough to accept
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technological change; only when the structure lost touch with the new
economic order did the attempt to block change begin.
The medieval gulld cannot rightly be compared with the modern labor

union. Certainly, however, their linited view of technology assessment

in the face of new modes of production, once their very being was threatened,

seems falrly analogous. Featherbedding practices and building codes
represent indirect forms of technology assessment considering only the
welfare of the small segment of the population actually engaged in running
trains or building houses, not the welfare of those using them, and
certainly not the entire community.

Despite the later guild opposition, the onset of industrialization
turned out to be irresistible. Yet, if there was anything that could be
called technology assessment, it was limited to first-order economic
effects, namely, the profit of individual businessmen. Their sponsorship
of technological innovation on behalf of their own self-interest was
largely unchallenged hecause of the concomitant development of new con-
cepts of private property based on natural rights and, somewhat later,

on the doctrines of lailssez-faire.

When opposition to industrialization began to appear at the beginning
of the 19th century, it was confined to small, special-interest groups
whose selfish concerns seem almost trivial today. In England some memkers
of the country gentry objected to the spoliation of the countryside.: They
had in mind their owh hunting rights hedged by failroads puffing Eheir
way across the landscape. They also resentéd the rise to economic, and
eventually to political, power of the self-made men representing the

burgeoning industries..
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The Luddite protest, more dramatic, has been interpreted by many as
the first indication of worker opposition to the onset of industrializa-~
tion. We know now that the Luddites destroyed their machines, not so
much because they opposed the mechanization of their work, but as a means
of venting their anger and frustration at the practices of their employers.
Yet the Luddites have become symbolic of opposition to machines. Certainly
thelr protest was a harbinger of things to come insofar as technology
assessment is concerned. For the first time, there was a real challenge
to the notion that only the profits of the factory owner were to be con-
sidered in adjudging the worth of technological change.

Although the factory legislation of the early 19th century was
largely ineffectual and did little to stop the gross exploltation of
workers, it marked an extension of the concept of technology assessment
to include the workers, their health, and their economic welfare. This
legislation also brought a new factor into technology assessment--the

government. Prevailing laigsez-faire doctrines aside, the government

intervened to mitigate some of the worst social consequences of unfettered
industrialization. It was a sign of things to come.

The man chiefly responsible for broadening the social context of
technology assessment was Karl Marx. He made plain one great truth:
Technology has social and cultural ramifications far beyond the first-
order effects to which’attention had hitherto been directed. This view
took the central position in the all-embracing Marxian theory of history--
a theory which, however unfortunate in politics, has deeply influenced
the study of socilety. :

" What is more, Marx avoided the confusion between technology itself
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and the social system which it had so profoundly affected. Marx's
strictures were not against technological change. He called for greater
progress in technology and sought to stimulate technical advance. Indeed,
he devoted many pages of praise to the industrial bourgeoisie in a work
dedicated to its overthrow, called Das Kapital. His effort concentrated
not on mitigating the effects of technology but on rearranging, by
revolution, a soclo-economic system which would enable the benefits of
technology to be spread among the masses rather than confined to the
profit of a few.

Aside from a few English gentry and some spokesmen for the Romantic
movement during the mid~19th century, not many worried about the inroads
of industrialization on the natural landscape. In America the concern
about the physical environment was largely based not on aesthetic con=-
siderations, but on the question of rational exploitation of natural
resources. John Wesley Powell, who became director of the U.S. Geological
Survey in the last quarter of the 19th century, conducted an irrigation
survey to identify, locate, and conserve the fast-disappearing water
resources of the arid western lands. Powell's attempts at scientific
conservation were at best only partially successful, John Muir,who
sought to preserve forest lands from sale to commercial interests,also
met with only partial success. Yet environmental considerations were
introduced to technology assesgsment, a factor which was td become of great
importance only by the mid-20th century. It was an extension that would
bring technology assessment in time to consider the protection.of‘posterity
itself, just as the societal context of technological change had already

become broadened to include all segments of soclety.
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The Growing Need for Technology Assessment

The Industrial Revoiution was a tremendous enlargement in the scale
of technology = Not surprisingly, the new dimensions produced enlarged
impacts of soclety and humanity., For one thing, there were simply more
people around, For another, all the extra people were more intimately
affected by technology due mainly to crowding and the increasing economic
interdependence of mankind. Through most human history, the vast majority
of mankind had lived in rural areas, and their major occupation had been
concerned with agrilculture. The Industrial Revolution changed all that.
Productlon, once centered in the hearth and home, now was carried on in
factories lécated in clties. The self-sufficiency of farming life gave
way to the close=~linked interdependence of individuals in the modern
metropolis. Now other groups in society besides the elite, the artisans,
the merchants, and the capltalists clamored for some of the benefits of
advancing technology. The factory workers' first-order assessment of
thelr own benefit frequently clashed with those of their employers. And
beyond them all was society as a whole, whose interests might suffer even
if workers and employers could compromisekon their mutual benefit.

The need for technology assessment was also heightenmed by the
acceleration of social change, which was itself a corcllary of speedier
technological change. Anthropologists tell us’that among the most deep-
geated of cultural habits are courtship patterns. After remaining static
for centuries, courtship patternms have been;revolutionizedkseveral times
within our own. century. Henry Ford's automobile not only brought the
farmer to the city; it also changed the wooing spot from‘the front parlor

to the rumble seat. Just where the locale d'amour is now, I am much too
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professorially dignified to find out, though I occasionally stumble over
people billing and cooing their way to the bachelor's degree in the bushes
of an urban campus. Despite this throwback to the primitive setting, I
am always sure--without necessarily looking--that the festivities are
being conducted with due regard for second-order assessment of the bio-
logical technologies. My own thoughts about the abundant resources of
human love, however, are turning increasingly toward conservation.

The United States, too, is rapidly advancing into middle age. Natural
resources, like love, once seemed so abundant that little thought had to
be given to conservation, As we grew up, advances of scientific tech-
nology in new materials and substitutes tended to avoid questions of
exhaustion, but we cannot continue to ignore them. Conservation has now
become at least a requirement of second-order technological assessment.

As one writer has put it, "We have not run out of fresh water in this
country; we have simply run out of streams to pollute."

Not only the scale but the cumulative nature of our technical
applications is endangering us. The emisslons of a few thousand auto-
mobiles posed no great threat to the salubrity of the air. Millions of
automobiles do pose a serious threat. And DDT provides another example.

Thirty years ago, DDT was hailed as a miraculous insect killer,
During World War II, it kept our soldiery free of the lice and vermin
infestations which had produced more casualties in World War I than’y
actual combat. In large-scale public health programs throughout the
world following World War 11, bDT succeeded in wiping out éne of mankind's
greatest scourges; the malarial—carryiﬁg insects. Similarly, when

sprayed on crops, it enormously increased agricultural productivity. It

-
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is not surprising that the developer of DDT was awarded the Nobel Prize
for Medicine. Yet today DDT is regarded as a potential threat to mankind.
Through a process of biological magnification in the food chain, slight
traces of DDT build up as poisonous doses in fish and birds, and eventually
in man himseli. In this way a one-time boon to man has become at best a
mixed blessing. The magnitude, accumulation, and human impact of
technological change, together with technologically produced social change,
have made pressing the need for technological assessment in all human,

environmental, and socilal aspects.

The Deepening Perception of the Impact of Technology

The awareness that technology can sometimes have harmful effects is
not new. In classical antiquity, Xenophon expressed a prevailing social
attitude when he said in Book IV of the Oeconomicus, "What are called
the mechanical arts carry a social sﬁigma and are rightly dishonored in
our cities. For these arts damage the bodies of those who work at them
or who act as overseers by compelling them to a sedentary life and to an
indoor 1life, and in some cases to spend the whole day by the fire. This
physical degeneration results also in deteriorétion of the soul."

Similarly, John Ruskin in the 19th century looked back to an older,
medieval England, "ye merrie olde Englande' of cakes and ale and morris-
dancing on the green. Unfortunately, ye merrie olde Englande was not
"me:rie" for the‘vastrmajority of its inhabitants who lived in fear,
poverty, superstition, and filth.’ Jacques Barzun of Columbia University is

a contempdrary example of the aristocratic, nostalgic, romantic discovery

of the horrors of technology. His book, Science: The Glorious Enter~

tainment, is a compendium of common complaints about modern living: useless
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rnachinery, ugly architecture, tasteless bread, planned obsolescence,
offensive advertising, zip codes, automatic telephone dialing, and the
like. The destruction of rural life, the mass exploitation of the poor,
cancerous growth of cities, and the uglification of the world through noise,
fear, and filth--these Barzun and his fellow "bleeding-heart humanists"
laid at the door of technology and science.

What strikes me about these criticisms is not that they are based
on a peréeptive assessment of the social implications of technology but
rather upon a false view of an idyllic past. 1In these days of urban

sprawl and the ravenous buildozer, it is not surprising thai many men

look back with fondness to small-town life and nostalgically believe
that in many ways the past, which they uvsually identify as anytime before

1914, was much superior to the present. I am not at all certain that

L)

American small-town life was really idyllic, and I invoke Sherwood
Anderson; Theodore Dreiser, Sinclair Lewis, John O'Hara, the Lynds, and
Tennessee Williams as my witnesses. If the small-town "gbod old days" were
really so good, how are wekto account for the fact that so many Americans

fled the small town? Perhaps the pronvincial, parochial, censorial,

gossipy, uncultivated world of Peyton Place does not correspond so much

to human desires as the challenge and excitement of the big city with
all its traffic snaris, television serials, and perpetual crises. The
fact is that the migratory trend isrfrom the countryside to the city, not
the other way. A decade from now more than 90% of all Americans, it is
estimated, will be living in urban areas.

Not all the broad-scale attacks upon contemporary technological

society arise from romantic longings for a non-existent past. The modern
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novel, the contemporary drama, and today's poetry have as an insistent
theme that man has become the victim of a dehumanizing technology. This
literature of anti-technology employs the metaphors of Frankenstein's
monster, robots from R.U.R., and the regimented citlzens of Brave New
World and 1984. The "bleeding-heart humanists'" who misquote these works
seem confident that their technological target material cannot read the
books. What»the original books and plays said is not that technology is
at fault, but its human abuse. What's worse is the view of man put
forth by the non-critics of these works; they clalm that man is by natuie
so abusive, so evil an animal that he cannot be trusted with technology.
Well, that is some kind of assessment.

More serious critics base their assessments on better philosophical
and literary grounds. Though willing to admit that technology has 'raised
the ceiling of human achievement," Lewis Mumford claims that modern
technology-~he calls it 'technics'"--has become authoritarian and is
"transferring the attributes of life to the machine and the mechanical
collective." ~Jacques Ellul has a similar apocalyptic view, féeling that
technology has become the end of human life. Fusing ideas borrowed from
both Freud and Marx, Herbert Marcuse attacks industrial civilization on
the grounds that it has made man "one-dimensional." Even admitting that
more men may be happier today than ever before, their happiness, he claims,
is "a state of anaesthesia.'" Though teéhnology has done away with
scarcities, it forces men, says Marcuse, td "exhausting, stupefying,
inhum#n slavery," alien#ting the workeré from each other, from their
products, and from work itself. Mass society provides bread, circuses,

and technology. Material plenty;yields no spirituél,gratification and

:
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leads to soclal oppression. Marcuse holds these principles to be self-
evident in both capitalist and communist societies. They characterize

industrial civilization no matter what the sociopolitical arrangements

may be.

Marcuse offers little in the way of solutions. All efforts at
reform are impotent, he claims. Free speech and electoral activity
are superficial devices for adjusting people to the status quo. Revolu~-
tion is éll but impossible. Marcuse can only offer strident opposition
to the society either by withdrawal or by confrontation which will shock
society into changing. Here is technology assessment of the most sweeping
character.

While such wholesale indictments may stimulate nihilistic revolu-
tionary movements, they really tell us very little about what can be done
to guide and direct technological innovation along socially beneficial
1ines. Twentieth-century man will never willingly divorce himself from
technology nor even consent to a moratorium on further advances. The
sentiments uttered by Marcuse and his youthful adherents might ultimately
succeed in bringing about major transformations in the softer supporting
systems--legal, educationai, governmental, economic,and the like. They
are ineffectual as to technology because of their intellectual murkiness
about changes in the dynamics of teéhnology itéelf.k Still, they render two“
cheers, heavily, for some kind of technology asSessﬁent. Mumford, Ellul,
and Marcuse deserve "A" for choice of topic, and "D" for effort. They
have nevertheless raised a right Question: Do technological iﬁnovations'
really hel§ all mankind of are they only for the benefit of a few? The
peoplé who really made the public understand this question were, of course,

‘neither philosophers nor historians.
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Rachel Carson, in hex book, Silent Spring, first attracted wide

attention to the harmfnl effect of pesticides that persist and accumulate
in the environment. Her picture of a silent spring where the birds’no
longer sing in a despoiled natvral environment made her book into a
bestseller. It instipgated Congressional investigations and scientific

studies, and awakened the public. Ralph Nader's book, Unsafe at Any Speed,

attracted attention to the problems of automobile safety by showing how
Detroit, in its efforts to attract sales through high styling and attempts
to economize for competitive reasons, frequently gave second place to
safety considerations. His work, too, brought about Congressional investi-
gations and awakened the public’to dangers inherent in a technology where
motivations for private profit ignored public welfare.

Both books resulted in legislative action, indirectly and directly.
Federal legislation for the installation of safety devices in automobiles
and an increasing amount of state legislation on DDT bear witness to the
effectiveness of thgse popular writers, the one a first-class scientist,
the other a well-educated lawyer, in bringing about meaningful technology
assesément. Thanks to Carson and Nader more perhaps than anybody else,
awareness of the need for techhology assessment has been deepened in

the United States.

Development of Social and Communal Responsibility

About a century ago society began to recognize that rampant individu—
alism armed with natural rights doctrine conéerned with interests in
property did not necessarily result in the socilal welfare of all. The
reason that Adam Smith's "invisible hand" was unseen was because it

simply wasn't there. The sum of individual self-interests did not result
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in the wealth of nations. If society were to insure secufity and justice
for all its members, it was evident that the government must become a

very visible hand in guiding, controlling, and limiting individual rights

in the interests of the community at large. This was particularly the

case when, through the enlargement of the franchise and the growing democrati-
zation of society in both Europe and America during the 19th century, larger
numbers of the population could make their voices heard in government and
could deﬁand public attentién to their needs. Viewed in this light, tech-
nology assessment is simply another step in governmental intervention for
the common good. Let us look back at some precedents of government
direction of technology in America.

In 1824, casualties from boiler explosions on steamboats, particularly
an explosion on the Aetna in New York Harbor, which killed 13 and caused
many injuries, made Congress take notice. A resolution was introduced in
the House of Representatives in May 1824 calling for an inquiry into the ;,
expediency of enacting legislation barring the issuance of a certificate
of navigation to any boat operating at high steam @ressures. This bill
did not pass, but the continuance of such explosions during the next few
years created a powerful public demand that something be done. |

Since nobody knew the exact reason for the boiler éxplosions, tﬁe
first order of business was to investigate the cause. In 1830, finally,
the government made its fifst research grant of a technological nature,
employing the Franklin Institute of Philadelphia to investigate the cause
of boiler explosions. Nét until 1836 did the Institute present its full
report and make detailed récommendations for regulatory legislation. It

was to take another two years before a law was passed,'and that so watered
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down that the suggested inspection criteria and standards for steamboat
engineers were eliminated. Boiler explosiéns thereﬁpon'continued with
increasing losses of life. 1In 1852, at last, a law with teeth in it was
passed, with a regulatory agency to enforce it.

é. ; Other problems involving technology were taken up in the same piece-
meai fashion: first canal building, then railroad building, and, when
manned flight was young, the National Advisory Committee for Aeronautics
was established. These were followed by the Atomic Energy Commission,
the Office of Desalination in the Department of the Interior, and investi-
gating committees on automobile safety, insecticides, and the’like. All
these agencies were involved,in‘technological goals and purposes, but
they.confined themselves for the most part to specific problems. Broader
assessment has come very slowly.

An attempt to institutionalizé and regularize the giving of scientific
advice to the government, the prelude to technology assessment, occurred
quite early. The National Academy of Sciences was established in 1863, and
on the infrequent occasions when it was asked for advice, the advisory
approach was used primarily for individual projects or problems. But
Ek j what about the problems arising from the combined impact of many different
systems? And what about social systems in relation to science and technology

Powell's attempt to achieve a rational scilentific basis for a conser-
?éif 5 vation program in the western lands was, indeed, a broad-scale approach to
the combined impact of several different technological systems and many

special interests. However, perhaps the most systematic attempt of the
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& b government to confront the consequences of scientific and technological

developments was to be found during the New Deal in the Temporary National
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Economic Committee (INEC). The TNEC hearings, begun in December 1938

and lasting 18 months, were triggered by the economic recession of 1937,

5 and they resulted in the most thorough investigation of technology and
its implications in our history. The committee sat for 775 hours of
testimony, listened to 55 witnesses, and published its hearings; its
exhibits, reports, and transcripts fill two good-sized shelves. The
problem under closest scrunity was of course technological unemployment.
Nevertheless, the research potential of industry and the effects of the
patent system in encouraging technological advance were considered on
issues of corporate monopoly, which was at the whipping post. Repre-
sentatives of special’interest groups—largely labor and management-made
their cases. Few witnesses represented the public interest. Little
consideration was given to second-order effects of technological advance,
although much was implicit in the economic analyses presented to the com-
mittee. The President's Commission on Technology, Automation, and qunoﬁic
Progress in the 1960's made a similar large-scale effort to coﬁsider éhé
effect of technological change on American,society. Ye« 1it, like the TNEC?
was a "one-shot deal;" it did not represent a continuing effort in

E technology assessment.

Parallel with these short-lived efforts to view the larger social

consequences of technological change was an extension in the concept of

the public whose welfare the government sought to serve. Pegticides again
providé the example.  The first federai law dealing specifically with

%  pesticides was the Federal Insecticide and Fungicide Act of 1916, which‘

;i sought to protect the pesticide user—-the farmef--from being bilked by
manufacturers who were selling him inferior products. It took almost

three decadeé before the protection'of the federal government was ey.ended
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to the general consumer, the public which ate the food products grown
with the aid of pesticides; this was the 1938 Food, Drug, and Cosmetic
Act which was designed to protect the consumer from harmful chemical
residues in his food. Rachel Carson gave a new dimension to the concept
of the consumer of pesticides by showing their effects on wildlife.

As of now, therefore, several federal agencies are concerned with
protecting the public in regard to pesticides: the Department of Agriculture
protects the farming public which uses pesticides in growing crops; HEW
protects the consuming public which eats food products grown with pesti-
cides; and the Department of Interior is concerned with protection of
wildlife and, in a sense, with the protection of future generations of
Americans, by attempting to presérve the ecological balance for posterity.
The pesticide story thus manifests the development of governmental
responsibility for the social impact of technology; it reflects a
broadening of our national goals from a preoccupation with narrow
economic elements to the physical health of the consumer and, ultimately,
the general social welfare of the people and their physical environment.
Or, looking at it in another way, we find that our government of the
United Statés must concern itself with the welfare of all the inhabitants
of @uryland—-birds, bees, animals, and fishes, as well as that peculiar

animal, man.

Increasing Assessment Capabilities

Given the historical oppottunity, need, concern, and precedents,
have we developed the knmow-how for meaningful technology assessment? 1
need not review in any detail the very recent history of man's growing

ability to collect and manipulate data. Both the hardware and the software
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are becoming increasingly accurate and sophisticated, enabling us to
deal with dynamic variables in complex situations. Along with these
are fundamental developments in mathematics, statistics, and general
systems theory. Attendants at an Engineering Foundation Research
Conference scarcely need to be reminded of the great strides made in
our ability to store and retrieve information.

Many scientists and engineers tend to be skeptical of these
techniqueé when applied to problems involving human and social factors.
Though such skepticism may have been warranted only a decade or so ago,
it can no longer be maintained. It is now possible to produce dynamic
models of systems involving complex human and social variables, and’our
skill is growing. Systems and operations researchers are increasingly
competent to provide probabilistic data regarding the impact of scientific
and technological decisions on social trends and changes. Though the
information may not be so "hard" as that obtained in the physical
sciences, it represents a giant leap forward--to use a now famous phrase--
in man's ability to quantify social behavior and to develop social indica-
tors. It is precisely in this area of second-and-higher-order effects
that our assessment capabilities have progressed.

Yet our growing knmowledge and expertise in the behavioral sciences
would be of little value in technology assesément if not accompapied by
the growth in our scientific and technological éapabilities. These give

us technological alternatives which alone can make technological assess-

ment reasonable and meaningful.

Let me explain. In societies where the level of science and technology

is low, they must make use of any and every technological advance which

e i et
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they can afford in order to subsist, even if the applications have harmful
side-effects. For example, while Sweden and the United States can afford

to ban DDT, countries like India cannot afford to do so. It would not

be economically feasible for India to change to an insecticide less per-
: sistent than DDT which would require spraying every few weeks instead of
%§ ti twice a year. Yet India must have the insecticidal benefits from DDT

| ?E despite its harmful effects. Its use there has cut down the incidence of
;§ ;; malaria from 100 million cases a year to only 15,000 cases, and the death
rate from 750,000 to 1,500 a year. In more advanced industrial countries

| :2 with higher standards of health, malaria presents no such éroblems.

! ‘% Furthermore, our higher téchnological le;él enables us to use j
tecbnological alternatives at' a slightly higher cost, let us say. The ]
search goes on for other methods of pest control--chemical, mechanical, and :
; f? biological-~and it is quite likely to be successful. Only nations posseséing i
this kind of potential can offer technological alternatives allowing %
response to unfavorable technology assessments. ' ;
L What I am really saying is that one major result of the technological
revolution of our time is to increase man's choices and options. Our

high level of scientific knowledge and technological performance gives

us the ability to pick and choose amongMAifferent ways of accemplishing our

social goals. This possibility of choice makes technology assessment both , ;

meaningful and possible.

Conclusion‘

One of the clichés of our time is the well-known statement that

"there is nothing so powerful as an idea whose time has come." This is

powerful rhetoric but bad history. Anybody can name several ideas whose
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time is long past but which exhibited little power. Notable among these
are the concepts of world peace and human brotherhood. They have been
around for some 2000 years, accepted in theory but never in practice.

Technology assessment strikes me as an idea whose time has come, but
I think it also has the power. It, too, is a matter of the human heart,
but it also has some powerful hardware and interests behind it.

In this brief review of the historical aspects of technology assess-
ment, I ﬁave endeavored to outline the development of the factors
suggesting that the time has come for technology assessment. Techno-
logical changes now have a broader and accelerating social impact. The
need exists; the awareness of the need exists; precedents for its applica~
tion are manifold; and we are developing the capabilities to apply it
effectively.

What really counts--and the examples of world peace and human

brotherhood plague us on the point--is our willingness to apply it in

practice.
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CHAPTER 1

THE CONTROL AND DIRECTION OF ADVANCED TECHNOLOGY

Introduction

The accelerating rate of technological change and development
in the twentieth century has raised serious questions concerning
the ability of democratic systems to control and direct techno-
logical development in ways compatible with both the protection
of present and future public interest and the survival of
individual freedom. In highly industrialized societies scientific
invention, technological innovations, and public policy alterna-
tives are inextricably intermeshed. Consequently much of politi-
cal theory in the twentieth century has focused on the problem
of democratic decisionmaking. Political philosophers have asked:
Will the highly complex decisions which determine the quality of
men's lives, the conditions of their labor, and the shape of
their physical environment, necessarily be made by an elite class
of specialists and technocrats? Will such decisions be made
within an anonymous and non-responsible corporate structure?

Can we escape this fate only at the cost of a highly controlled,
totalitarian State? Or will the technocratic elite, the corporate
structure, and the governing process inexorably merge, while the
mass of men, unable to participate meaningfully in decision-

making, lapse into apathy or alienation?

PRECEDING PAGE BLANK NOT ¥y
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Professor Stafford Beer, Professor of Cybernetics at Great
Britains' Manchester University, testifying before a congressional
committee in 19270, said:

",..(Technology now seems to be leading humanity by
the nose. We appear to have no sense of priorities
where our problems are concerned; we do what is
techno}ogically easy -- and we do it regardless of
cost."

Professor Beer was concerned with the apparent failure of
democratic societies to develop systems of management and control
which are adequate to the complexities of their internal and
external environments. The alternative which he offered was to
"design a stable society," recognizing that this will involve
"the deployment of a political science to new ends" by treating
our "complexity-control capability...as offering a nervous system
for the body politic."

The belief that, as Beer phrased it, "technology is leading
humanity by the nose," is now widespread. A pessimistic atti-
tude toward technological development ié not new (such was an
important part of English Conservatism and of the Romantic
Movement in the eighteenth century, for example). But such

pessimism has become widespread only in the middle of the twen-

tieth century. J. B. Bury, in his seminal work on The Idea of

Progress, shows how the burgeoning of technology was the key to

lStafford Beer, "Managing Modern Complexity,“ in U.S., Congress,

House, Eleventh Meeting of the Panel on Science and Technology

with the Committee on Science and Astronautics of the U.S. House
of Representatives, The Management of Information and Knowledge,
January 27, 28, and 29, 1970, 91st Cong., 2nd Sess.; 1970.
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the intellectual revolution by which human history was reformu-

lated as the march of Progress:

"The spectacular results of the advance of science and
mechanical technique brought home to the mind of the
average man the conception of an indefinite increase

of man's power over nature as his brain penetrated her
secrets. The evident material progress which has con-
tinued incessantly ever since has been a mainstay of 2
the general belief in progress which is prevalent today."

It was not until modern technology had permeated the lives of
common men and instigated sweeping social changes that history
could be viewed as an open-ended process of change through which
improvement of the quality of life for the masses was a possible

if not an inevitable condition:

"I+ was not until commerce, invention, and natural
science emancipated humanity from thralldom to the
cycle and to the Christian epic that it became possible
to think of an immense future for mortal mankind, of
the conquest of the material world in human interest,
of providing the conditions for a good life on this
planet without reference to any possible hereafter...
(0)f all the ideas pertinent to the concept of progress,
to the interpretation of what has gone on during the
past two hundred years and is going on in the world,
none is more relevant than technology.”

But the same transfcrmation of ordinary life by technology
which hélped to produce and gain acceptance'for the idea of
progress, eventually brought pessimism about further technolog-

ical development. Melvin Kranzberg, an historian of science and

technology, has identified broad historical trends which preparedv

2J. B. Bury, The Idea of Progress (New York: The Macmillan
Company, 1932; republished by Dover Press, 1955), p. 324.

3 , ‘
Charles A. Beard, in an Introduction to Bury's work cited
above, pp. Xi and xxi. ,
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the way for a more critical attitude toward technology.4 He
traces the steady broadening of the social context of science
and technological change from the early stages when science was

monopolized by the priesthood of Egypt and used to preserve its

.~wn power, and the era of classical Greece, when Science was

viewed as a field of intellectual inquiry with little incentive
to develop practical applications. Enlargement of the scale of
technological application occurred explosively during the indus-
trial revolution and has accelerated throughout the twentieth
century. Accumulation of detrimental impacts, such as pollution,
from‘the overwhelmingly large-scale utilization of technologies
became only in recent decades so obvious as to generate wide
public awareness of such‘consequences. in the last thirty years
there has also been an increasing assumption of societal respon-
sibility for technology as public institutions became‘subsidizers
of technological innovation.

Throughout most of history the impetus for technological
innovation was the expectation of direct benefits for the user
and for relatively small segments of society, usually the econ-
omically dominant class (as Marx said, the owners of the dominant
mode of production). Social costs, in terms of loss of common
lénds, spoilage of local environments, or adverse conditions of

labor were transferred to classes which were excluded from

4 . ; . '
Melvin Kranzberg, Historical Aspects of Technology Assessment,

The George Washington University Program of Policy Studies 1n
Science and Technology, Occasional Paper No. 4 (Washington, D.C.:
The George Washington University, August 1969). :
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political power (whether Egyptian slaves, medieval serfs, or

cottage factory workers); such costs need not be considered and

could almost be said to have been invisible. The plentiful supply

of natural resources and manual labor and -- after the rise of
liberalism in the eighteenth century —-- the concept of limited
government, allowed technology to develop relatively free of
consideration of larger social conseguences.

After the onset of the industrial revolution, bringing with
it increases in population, concentration of people into work
centers, and increasing economic interdependence, the acceler-
ation of social change attendant on technological development
could no longer be ignored. Adam Smith, Thomas Malthus, and
Karl Marx provide the landmarks in recognition of the effects
of technology on society. Kranzberg notes of Marx:

"He made plain one great truth: Technology has social
and cultural ramifications far beyond the first-order
effects to which attention had hitherto been directed...
What is more, Marx avoided the confusion between tech-
nology itself and the social system which it had so
profoundly affected. Marx's strictures were not against
technological change...His effort concentrated not on
mitigating the effects of technology but on rearranging,
by revolution, a socio-economic system which would
enable the benefits of technology to be spread among

the masses rather than confined to the profit of the
few."

In the last two decades the social costs, rather than the
benefits, of technological development have increasingly been

the center of attention in the United States. The possibility

of world-wide overpopulation, the threat of exhaustion of natural

5
Ibid., p. 7.
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resources, the cumulative effects of overwhelmingly large appli-
cations of technology on the environment, and chemical hazards to
human safety and health have generated acute concern. The deci-
sions which produced these effects were largely marketplace
decisions, in spite of the steady increase in governmental inter-
vention in the economy since the 1900's. Indeed, federal, state,
and local governments are among the heaviest users of technology
and have become increasingly the subsidizers and promoters of
technological innovation.

During the New Deal era in the United States and while totali-

tarian governments in Europe, Asia, and South America occupied

the center of political consciousness, political theorists directed

most of their attention to the threat of all-powerful governments.
More recently political thinkers are again pointing to the seeming
inability of democratic societies to provide what Stafford Beer
called "stable metasystems," for the control of self-directed,
change-resisting social institutions Which are powerfully organized
to maintain their internal stability and survival. In the
industrial society such social institutions -- industries and the
specialized interest groups and professions associated with them --
will through the dynamics of insuring their institutional survival
make decisions which a limited government (designed for a less
complex society of the past) may lack the Power or the initiative
to make in the public interest. Beer warned a somewhat puzzled

congressional committee:

I T LT R LT T P T T




~ o

e

1-7

"The central thesis of cybernetics might be expressed
thus: that there are natural laws governing the

behavior of large interactive systems -- in the flesh,

in the metal, in the social and economic fabric. These
laws have to do with self-regulation and self-organiza-
tion...(T)his behavior is governed by the dynamic struc-
ture of the system...Outcomes are latent in the dynamic
structure of the systems we have or may adopt: they will

inexorably emerge. -

Victor Ferkiss, in Technological Man: The Myth and the Reality,

also pointed out that the most serious danger to democratic

decisionmaking today is not hypercontrol but chaos:

"The danger is not that industrialism has destroyed

the intermediate group in modern democratic society

but that the group is so strong that the individual,
instead of finding freedom in the interstices created

by group competition, may be crushed between the contending
parties, or that instead of a dominant total government
riding roughshod over an inert society, public purposes
will be lost sight of in the feudalistic struggle of
competing special interests."

Ferkiss, like Stafford Beer, sees this problem in cybernetic
terms as a failure of control and communication under an overload

of conflicting demands on the body politic due to the complexity

of technological society:

...{(T)he lines of power and control ars more and more
intermeshed...The total social organism has a central
nervous system, but so overwhelming are the desires
and signals from its constituent parts, so involuntary
most of its actions...that it is impossible to speak
of it as being directed consistently by a single con-
scious will...The sheer volume of activity leads to
communications problems that make centralized direction
difficult. Indeed, here as elsewhere in technological
civilization, the paradox is that not unifo§mity but
anarchy may present the greatest dangex..." ‘

Beer, op. cit.

7Tyictor Ferkiss, Technological Man: The Myth and the Reality
(New York: George Braziller, 1969), p. 155.

8
Ibid., pp. 177-178.
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John Kenneth Galbraith, warning that social goals are being
subordinated to the ends of technological growth and economic
expansion, argues for greater use of governmental power.9 Henry
S. Kariel makes a similar argument that limited government in
the classical liberal sense is no longer adeguate:

"When industry is allowed to follow its own logic,
when technological expansion and economic growth
become exclusive objectives to which others are
sacrificed, and when politics is kept from inter-
fering with the inner imperatives and self-evident
'success' of industrial development, men are apt to
find themselves deprived of effective freedom even

while they are proviigd with its indispensable
material conditions.

"post-industrial” society, Daniel Bell has noted, is charac-
terized by the pre-eminence of the professional and technical
class" and "the centrality of theoretical knowledge as the
source of innovation and policy formulation."ll Other writers
have pointed out the danger that ordinary citizens and their
elected officials will tend because of the increasing complex-
ity of public policy issues to defer to an elite whose prestige
and influence rest on information and expertise. Robert E. Lane
foresees "a shrinking of the political domain,"12 and Jean

Meynaud although rejecting the thesis that’a "power elite," is

9John Kenneth Galbraith, The New Industrial State (Boston:
Houghton Mifflin, 1967) .

loHenry S. Kariel, The Promise of Politics (Englewood Cliffs,
New Jersey: Prentice=Hall, Inc., 1966).

llDaniel Bell, "The Measurement of Knowledge and Technology,"
in Indicators of Social Change, Eleanor Sheldon and Wilbert E.
Moore, eds., (New York: Russell Sage Foundation, 1968), p. 157.

12Robert E. Lane, "The Decline of Politics and Ideoclogy in a
Knowledgeable Society," American Sociological Review 31 (October

1966), pp. 649ff.
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now in control, demonstrated how political power may shift toward

technocrats, who have a dangerous tendency to form closed groups

and who exhibit a strong bias toward the interests of managers

and professionals.13

Galbraith, who like Ferkiss and Kariel has called for greatex
exercise of public power to counter the economic power of in-
dustries and the competing demands of specialized interests, has

also said that

" (I)ncreasingly, it will be recognized that the
mature corporation, as it develops, becomes part
of the administrative complex associated with the
State. In"E%me the line between the two will

disappear.

The fear that government itself, responding to the necessity
of exerting control over increasingly po&erful forces of econ-
omics and technology, may centralize and consolidate power to
an extent that destroys individual freedom, goes back to the
traditions of liberal thought since the industrial revolution.
Writers like Robert Boguslaw, Robert O. MacBride, Donald N.
Michael, and Alan Westin contend that this danger takes on new
dimensions with the possibility of national data banks, infor-

mation systems, and other electronic devices which enormously

13Jean Meynaud,~Technocracy,(London: FPaber and Faber, 1968),
pp. 293-303.
14

Galbraith, op. cit., p. 393.
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increase the powers of a State for surveillance of individuals.lJ

Professor Emmanual G. Mesthene (himself rather optimistic about
the influence of technology on political decisionmaking) formu-
lates the long-standing liberal warning in modern terms:

"There is...the problem of what happens to traditional
relationships between citizens and government, to such
prerogatives of the indiwidual as personal privacy,
electoral consent, and access to the independent social
criticism of the press, and to the ethics of and public
controls over a new elite of information keepers, when
economic, military, and social policies bzcome increas-
ingly technical, long-range, machine-proccessed, infor-
mation-based, and expert-dominated.” (Italics added)

Recognition that modern governments, whether in opposition
to, or in conjunction with, technocratic elitists and corporate
interests, may irretrievably erode the sphere of individual

choice and freedom, leads many writers to argue {unlike Ferkis,

Kariel and Galbraith) against unnecessary use of governmental

powers. Herman Kahn and Anthony Wiener urge that:

"...(W)e try in general to moderate Faustian impulses
to overpower the environment, and to try to limit both
the centralization and the willingness to use accumu-
lating political, economic, and technological power...
so that the inescapable increase in regulation of human
choices remains in the hands of people who will

-

15Robert Boguslaw, The New Utopians: A Study of System Design
and Social Change (Englewood Cliffs, New Jersey: Prentice-Hall,
1965). Robert 0. MacBride, The Automated State: Computer
Systems as a New Force in Society (Philadelphia: Chilton Book
Company, 1967). Donald N. Michael, "On Coping with Complexity:
Planning and Politics," Daedalus 97 (Fall 1968), pp. 1179-1193.
Alan F. Westin, Privacy and Freedom (New York: Atheneum, 1967).
For an excellent discussion of these and other writers on the
topic of computer technology and freedom, see Technology and the
Polity, Harvard University Program on Technology and Society,
Research Review No. 4 (Summer, 1969), pp. 31-36.

16Emanuel G. Mesthene, How Technology Will Shape the Future,
Harvard University Program on Technology and Society Reprint
No. 5, reprinted from Science 161 (12 July 1968), p. 19.
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respect its disastrous potential and Y;ll not:
unnecessarily centralize it further."

The issues raised by these and many other thinkers may
perhaps be summarized: To what extent is our present form of
government capable of generating direction and control over
technological development which can enable us both to achieve
social goals and protect public interests, and to protect indi-
vidual participation, privacy, and options within a guaranteed

and suitably broad sphere?

Technology Assessment

Beginning about 1966 in the United States the concept of

Technology Assessment has been discussed as a technique for

improving societal control over technological development and
applications within the constitutional framework and institu-
tional structure of the federal government. By technology
assessment is meant the systematic identification, analysis,

and evaluation of the potential secondary consequences (whether
beneficial or detrimental) of technology in terms of its impacts
on social, cultural, political, economic, and environmental
systems and processes. Technology assessment is intended to

provide a neutral, factual input into the decisionmaking process.

17
Herman Kahn and Anthony J. Wiener, "Faustian Powers and
Human Choices: Some Twenty-First Century Technological and
Economic Issues," in Environment arnd Change, the Next Fifty
Years, William R. Ewald, Jr., ed., (Bloomington: Indiana
University Press, 1968), p. 101.
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Assessment techniques may be integrated into the planning,
designing, and evaluative process used by government agencies

in preparing technology-oriented programs and projects, and

may also provide a critical review of such programs and projects
after their injection into the public policy arena.

The present study, Technology and Public Policy, is intended

to provide a descriptive and analytical review of the concept

of technology asséssment and the current status of its applica-
tion in the work of federal executive agencies. The remainder

of this chapter will examine the origin of the term technology
assessment, a brief history of its discussion and development
since 1966, and some of the factors influencing that development.
Subsequent chapters will examine the work of federal agencies
concerned with technological programs and projects and the extent
to which they are utilizing or can be expected to utilice the
technigue of technology assessment.

T+ should be noted that many of those who have written about
technology assessment suggest that the technique can or should
be used in private sector decisionmaking. As used in this study,
however, the term technology assessment is limited to studies

which are intended to provide input into or to influence public

sector decisionmaking.

The word "technology" itself requires some comment. The
dictionary definition of "technology" is "applied science; a

technical method of achieving a préctical purpose; the totality
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of the means employed to provide objects necessary for human

sustenance and comfort."18 The McGraw-Hill Encyclopedia of

Science and Technology says that technology is "the systematic

use of industrial processes, tools, and techniques for the

accomplishment of specific planned functions." According to

this encyclopedia, science is organized knowledge, engineering

is planning and design based on organized knowledge and aimed@ at
modification of the physical environment, and technology is the
technique by which such modification is carried through. Some
thinkers use a much broader definition of technology which
includes institutional or legal innovations. John Wilkerson,

the translator of Jacgues Ellul's La Technique (translated as

The Technological Society) describes technigue as "the organized

ensemble of all individual techniques which have been used to
secure any end whatsoever," and further guotes Lasswell as
defining technology as "the ensemble of practices by which one
uses available resources to achieve Values."19

However, technology as used in this paper does not include
processes and techniques which are purely behavioral, legal, or
institutional (such as psychoanalysis, a guaranteed annual wage,

or day-care nurseries). The subject of discussion is the assess-

ment of "hard" technologies. involving the use of industrial

18
Merrxiam-Webster Seventh New Collegiate Dictionary, 1965.

Jacques Ellul, The Technological Society, translated from
the French by John Wilkinson (New York: Knopf, 1964), p. vi.
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processes, tools, and techniques, and generally intended to
modify either the physical environment or the human body,
although the assessment may deal with the full range of secondary

and higher order consequences.

Development of the Concept of Technology Assessment:
1966-1370

On March 7, 1967, Representative Emilio Daddario introduced
before the Congress a bill proposing the creation of a "Technol-
ogy Assessment Board" to assist the Congress in making wise
decisions concerning the use of science and technology and to
provide Congress with an "early warning signal" of the potential
good and bad consequences of technological programs; Representa-—
tive Daddario stipulated that this bill was intended "not as a
piece of perfected legislation but as a stimulant to discussicn;"2

Daddario, who was then Chairman of 'the Subcommittee on Science,
Research, and Development of the House Committee on Science and
Astronautics, defined technology assessment as:

"...a form of policy research which provides a balanced
appraisal to the policymaker. Ideally, it is a system
to ask the right questions and obtain correct and timely
answers. It identifies policy issues, assesses the
impact of alternative courses of action, and presents
findings. It is a method of analysis that systemati-
cally appraises the nature, significance, status, and
merit of a technological program...(and) is designed to
uncover three types of consequences -- desirable, un-

desirable, and uncertain... To assess technology one
has to establish cause and «ffect relationships from

20 ,
U.S. Congress, House, Committee on Science and Astrcnautics,

"Technology Assessment,” Statement of Emilio Q. Daddario, Chairman,

Subcommittee on Science, Research, and Development of the...,
90th Cong., lst Sess., 1967.
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the action or project source to the locale of
consequences... The function of technology assess-
ment is to identif{...both short-term and long
range (impacts)."?

,-,,,..,__.._v.,,..,,..,._..,..ﬁ___v‘,

In the sense in which Mr. Daddario here used it, the term

"technology assessment” had apparently been used for the first

w

time in a report of his Subcommittee a féw>months earlier,

? October 17, 1966.22 This report was concerned with undesirable
consequences of fechnology, vhich the subcommittee noted were
appearing with alarming frequency: technological unemployment,

toxic pesticides, pollution, automobile effluents, forest

depletion, exhaustion of resources, disposal of radiocactive
wastes, invasions of personal liberty by computerized informa~—
tion systems and electronic surveillancé, and the effects of
carbon dioxide on climate. The subbommittee said that, in the

past,

"...man could afford to lock upon the innovations of
f : ' technology with some complacency. For the innovations
’ came slowly, they were put to use in a relatively slow
and modest fashion, and their side effects developed
at a sufficiently relaxed pace to permit man to adjust

21
Ibid., pp. 12-13.

According to Franklin P. Huddle of the Science Policy Research
Division of the Congressional Research Service, Library of Con- ;
gress, in » paper entitled "Government Technology Assessment:
| the Role £ the Social Sciences," presented at a Round Table Dis-
| cussion of the American Political Science Association, October 2,
: 1970. The author is indebted to Dr. Huddle for the use of this
L ; paper in preparing the present historical discussion. The term
% o technology assessment is frequently used by engineers and other
|
;

technologists to mean evaluation of the performance of a system,
i.e., assessment of intentional, first order consequences only.

E
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to them -- or to alter his course if the threat were
great enough."23 '

Under the leadership of Mr. Daddario the members of the Sub-
committee had been inquiring into reports of "ecological
disasters" which were appearing in newspapers across the country

and in books such as Rachel Carson's Silent Spring.24 According

to researchers at the Congressional Research Service {then the
Legislative Reference Service) who assisted the subcommittee in
these deliberations, the members had been particularly impressed
by a suggestion of Col. Charles Lindbergh, an ardent conservation-
ist, that some method was needed to anticipate such detrimental
impacts at an early stage of technological developments. The
term technology assessment was chcsen, some observers remember,
in order to assure that any future legislation dealing with such
activity would be referred to the Subcommittee on Science,
Research, and Development.

When Mr. Daddario introduced his proposal to establish a
Technology Assessment Board, he told the Congress in an accom-
panying statement,

"mechnical information needed by policymakers is
frequently not available, or not in the right form.

A policymaker cannot judge the merits or consequences
of a technological program within a strictly technical

context. He has to consider social, economic, and
legal implications of any course of action."

23U.S. Congress, House, Committee on Science and Astronautics,
"Inquiries, Legislation, Policy Studies Re Science and Technology:
Review and Forecast," Second Progress Report of the Subcommittee
on Science, Research, and Development, 89th Congress, 2nd Session,
1966, p. 25.

24 . . .
Rachel Carson, Silent Spring (Boston: Houghton Mifflin, 1962).
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The problem for Congress in dealing with technological
innovation is therefore one of providing itself with infor-
mation about scientific and technological possibilities and
options, in a form intelligible to and useful for nonspecialists
decisionmakers. The Daddario Subcommittee decided to explore
the idea of technoloéy assessment further through the holding
of seminars and public hearings, and by commissioning several
studies of the subject, by the National Academies of Sciences
and Engineering and by the Legislative Referénce Service.

In the fall of 1967 the Subcommittee invited a number of
specialists in policy sciences to a seminar on Technology Assess-—
ment. President Bowen of the University of Iowa, the former
chairman of the National Commission on Automation, Technology,
and Economic Progress, called attentibn to another aspect of
the social direction of technology, the need to establish
cdnsensual goals and priorities for the immediate and long-range
future of the nation. He therefore proposed both the establish-
ment of a technology assessment "council" to serve the federal
government, and the establishment of a’"commission on national

goals.“2

The Library of Congress Study. The study which the Subcom-

mittee had requested from the Legislative Reference Service was

submitted in the spring of 1969. Technical Information for

25U.S. Congress, House, Committee on Science and Astronautics,
"Pechnology Assessment Seminar," Proceedings before the Sub-
committee on Science, Research, and Development, September 21 and
22, 1967, 90th Congress, lst Session, 1967 (revised August 1968),

pp. 5-6.
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Congress, by Dr. Frank P. Huddle, examined fourteen cases in
which the Congress had acted on issues concerned with technology,
such as the Salk Vaccine, the nuclear test ban treaty, the Mohole
research program, and water policy formulation.26

In each of these cases Dr. Huddle examined conflict between
scientific and political decisionmaking, differences between
scientific and political information, and differences between
scientific and political behavior. He concluded that the
technical aspects of political issues should receive priority
attention and that "it is impnrtant that the scientific question
or issue be carefully framed so that the answer to it provides
a usefﬁl and significant piece of evidence for guidance in the
consideration of the broader political issue." When the techni-
cal questions are not firmly fesolved, Dr. Huddle noted, "the
political resolution of the broader issue tended to be defec-
tive."

Perhaps the greatest difficulty which Huddle noted in supplying
Congress with scientific information was that "the lay members
of Congress found it impossible to accept the proposition that
science is probabilistic,ﬁ and were apt to accept "invalid
hypotheses" (sic) and to make "improper use of outstanding

personalities." Huddle therefore suggested the need for

U.S. Congress, House, Committee on Science and Astronautics,
Technical Information for Congress, Report to the Subcommittee
on Science, Research, and Development, prepared by the Science
Policy Research Division, Legislative Reference Service, Library
of Congress. House Document No. 91-137, 91st Congress, lst
Session, April 25, 1969.

7 .
Ibid., p. 506.
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information input from a wide range of disciplines, including --
in every assessment involving "the interaction of man and
machine" -~ the social sciences; and he stressed that technology
assessment must be an iterative process:

"The more time that can be given to this new process,

to the progressive sequences of interactions of new

fact an@ analysi§,'the"ggre mature and sound will be

the ultimate decision.
At the same time, delay in decisionmaking can allow irreversible
detrimental impacts to occur. Therefore, Huddle concluded, it
is important that the process of technology assessment "should
begin to occur as far upstream as possible," and he urged that
"by institutionalizing and systematizing (the assessment process)

the quality and efficiency of the process can be improved."

The National Academy of Sciences Study. A second report on

technology assessment was submitted to the Committee on Science
and Astronautics by the National Academy of Sciences in July,
1969.29 This report was prepared by a Panel of the Committee
on Science and Public Policy (COSPUP) chaired by Professor Harvey
Brooks of Harvard University. The report described the existing
process of governmental assessment and decision as "critically
deficient" in several regards: |

-~ Technologies are assessed on the basis of economic

benefit to the user rather than on the basis of
general social benefits,

8
Huddle, "Government Technology Assessment,”p. 15.

29Technology: Processes of Assessment and Choice, Report of
the National Academy of Sciences. to the Committee on Science and
Astronautics, U.S. House of Representatives (Washington, D.C.:
Government Printing Office, July 1969).
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-~ "External" costs of technological applications,
e.g., pollution, are ignored,

—== In the process of resource allocation, there is a
lack of criteria that recognize "the full spectrum
of human need,"

== The burden of proof "has tended to fall on those who
challenge the wisdom of an on-going technological
trend,"

-—- Waiting until deleterious effects become evident
"entails too high a risk that vested interests =--
among both producers and consumers -- will by then
become so entrenched as to make it politically very
difficult or economically very costly to suppress or
modify an offendigg technology or to develop an
alternative one."

The COSPUP panel outlined conceptual, institutional, and
methodological constraints on improvement of the assessment
process, but it recommended the establishment of new mechanisms
within the federal government whose functions would be the
sponsoring and funding of basic research on technical problems
and of technology assessments, the continuing review of assess-
ments made by other government institutions, and the dissemina-
tion of information about technology assessments. The report
suggested that a technology assessment center be located within
an expanded Office of Science and Technology in the Executive
Office of the President, working in close conjunction with a
technology assessment division to be located in the National
Science Foundation. A separate assessment component, the Panel

said, was needed to serve the Congress and provide it with an

independent source of assessment information.

3
®Ibid., pp. 34-35.
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The COSPUP report also included a first attempt at structuring
a methodology for technology assessment. Recognizing that there
was "no unique way to break down so vast a subject," the panel
conceptualized the task in three interrelated subject areas:
the focal points from which assessment should begin, assessment
modes and mechanisms, and patterns of response and action.

The focal points for assessments, the panel suggested, might
be the technology, the environment, or the individual. Technology
was here defined as "a system of interrelated innovations, some
technical and some social, which comprise some sort of coherent
nexus pertaining to systematic manipulation of the environment,"
e.g., automobile transportation or cable television.

Beginning with this focal point an assessment must consider
both economic, social, and legal arrangements which would
facilitate introduction and use of a technology, and arrangements
which could constrain or regulate its use. The assessment must
then examine:

-~ the rate of advancement in development of the technology,
-- possibilities for technology transfer to related areas,
-~ probable growth in the scale of application,
~-- availability of intermediariés or buffers between
technology and user (in the case of drugs, the doctor;
in the case of construction, building codes),
-- degree of departure from existing, accepted technologies,

-- economic concentration of producers,

-—- centralization of decision making with regard to the
- technology and susceptibility to collective control,

e -
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-~ the competitive environment,

-- societal sources of resistance to use of the technology
(legal, social, religious).

Another focal point for assessment is the environment, and
the effects on it of the technology, whether these effects are
aesthetic, changes in ecosystems, or biomedical in nature.
However, the panel said that: "...pending further attention to
definitional and other basic matters, the contemporary interest
in environmental issues will make its major contribution to
technology assessment by providing impetus for action rather than
by furnishing such action with an organizational focus."

Assessments might also use as their focal point, the individual.
Here the panel suggested that the assessment should inquire what
effects technology, or a specific technological application, are
having on:

-- the development and socialization of the child,
-- the work experience of the adult,

-— access to material goods and social values,

-- opportunity to participate in decisionmaking,
~-— health and safety.

The COSPUP panel concluded that a combination of all of the
three focal points was required in an adequate assessment because
of the possibiiity of synergistic effects and the possibility
that either important second- and third-order consequences would
be overlboked, or new developments in technology would go un-

noticed.

31 ,
Ibid., p. 132.
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In discussing assessment modes and mechanisms, the . anel dis-

tinguished between internalized assessments, that is, assessment

built into the incentive structure of the decisionmaking process;
and externalized assessments, that is, assessment conducted by an
institution deliberately separated from the front-line decision-

maker. The panel strongly preferred internalized assessments,

"on the grounds that they tend to "redefine responsibility without

separating it from authority,"32 although the panel recognized
the need for external assessment also in order to make the system
function properly: "Ideally, the effort should be to modify goals
and criteria of success without dictating the means of achieving
them."

The COSPUP panel here failed to explore the problem of insti-
tutional bias in agencies asseésing their own projects and
programs. However, the panel also distinguished between negative
assessment, usually performed by agencies with regulatory
responsibilities, and positive assessment, by an agency respon-
sible for evaluating and promoting new technology. This
terminology was revealing in that it seemed to assume a one-sided
approach to assessment xalculated to protect the agency's interest,
and the conclusion reached by the panel was somewhat counter to
its announced preference for internalized asséssment: "The
solution the panel has urged is a second-order assessment activ-
ity performed by an agency with neither promotional tasks nor
risk-preventing responsibilities, an entity ancillary to the

33
activities of all agencies with one or the other kind of bias."

32,
Ibid., p. 139.
33

ILia., p. 1l40.
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Firally, the COSPUP panel considered possible patterns of
response to technology assessments -- changes or modifications
in introduction, support, or use of technology through: resource
allocation decisions, modifying private initiatives by inter-
nalization of costs or enforcement of standards or regulations,
or the altering of incentives through creation of new legal
rights or other social innovations. The panel suggested that
assessments should be structured so as to be appropriate for the
ends in view and the needs of specific decisionmaking entities.

"If society persists in its present course," the COSPUP
panel warned, "the future holds great peril, whether from the
uncontrolled effects of technology itself or from an unreasoned
political reaction against all technological ipnovation."3

The National Academy of Engineering Study. A third report was

also submitted to the Daddaric Subcommittee in the summer of

1969 by the National Academy of Engineering. A Study of Tech-

nology Assessment was prepared by the Committee on Public

Engineering Policy (COPEP) chaired by Chauncey Starr, Dean of
the School of the University of California at Los Angeles.35
This study went somewhat beyond the National Academy of Sciences

effort in that COPEP performed three "experiments in technology

34
Ibid., p. 118.

35A Study of Technology Assessment, Report of the Committee on
Public Engineering policy, National Academy of Engineering, to
the Committee on Science and Astronautics, U.S. House of Repre-
sentatives (Washington, D.C.: Government Printing Office,
July 1969).
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assessment,” preliminary examinations of the technology assess-
ment task in the fields of Teaching Aids (instructional television
and computer-assisted instruction), Subsonic Aircraft Noise,
and Multiphasic Health Screening.
In conducting these experimental assessments, COPEP used a
seven-step analytical approach, as follows:
1. Identify and refine the subject to be assessed.

2. Deliniate the scope of the assessment and develop
a data base.

3. Identify alternative strategies to solve the selected
problems with the technology under assessment.

4. Identify parties affected by the selected problems
and the technology.

5. Identify the impacts on the affected parties.
6. Valuate or measure the impacts.
7. Compare the pros and cons of alternative strategies.

In commenting on their chosen approach, the COPEP group noted
that Representative Daddario had suggested that assessment should
seek to establish cause-effect relationships between a technology
and its impacts on society.36 COPEP found that a "purely causal
methodology"” had certain limitations. There were in fact, two
classes of technology assessmernt, said COPEP, problem—initiated
assessments and technology~initiated assessments. The first,
exemplified by the subsonic aircraft noise problem, deals with

a large number of variables but is focused on a well-defined

36 ,

U.S. Congress, House, Committee on Science and Astronautics,
"Technology Assessment," Statement of Emilio Q. Daddario, Chairman,
Subcommittee on Science, Research, and Development, 90th Congress,
l1st Session, July 3, 1967.
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‘; :; goal, namely solution of the problem. Here identification

of cause-effect chains, such as is done using the systems
analysis method of engineering, is feasible because "the future
| : course of events is a converging one, where many causal chains
converge on one or at most toward a few end-points. The process
| , begins at the large end of a funnel, and the optimum solution
to a given problem is at the small end." 1In technology~-
initiated assessments (suc? as those dealing with instructional
/ aids or multiphasic health gbreening), however,

"The assessment process begins with the new technology

at the small end and emerges as a complex pattern of
consequences at the large end. As cause-effeci chains
diverge, predictability of events diminishes.. Thus

the farther that predictions gyetend to see, the greater
their degree of uncertainty."

Therefore the COPEP study groups tended to convert the technol-
ogy-initiated experimental assessments into problem-initiated
assessments by focusing on a few potential areas of social

concern or of social opportunity which might be significantly

affected by the subject technology. However, the report noted
that this choice was influenced by the constraints of time and
; . effort in making these experimental studies, and warned "The

. uncertainty in this approach is that in making the selection of }
problems to be addressed, important social and political impacts

could be overlooked."

In carrying out steps 5 and 6 of their experimental metho-

! ? dology, (identificatioh, evaluation, and measuring of impacts D

7
A Study of Technology Assessment, p. 16.




SO S

PR s

N - :

1-27

on affected parties), the COPEP study groups worked out a simple
scheme for comparison of the judgments of the assessors. Each
assessor rated each potential impact (for example, increased
cost of instruction with the use of television) for each affected
party (institutions of higher education, students, faculty,
industry). Impacts were rated as to their nature (favorable,
unfavorable, unknown), their probability of occurrence (likely,
unlikely) , and their susceptibility to federal actién (control-
lable, uncontrollable, unknown). The limitations of this
coarse—grained rating scheme were recognized; but, said the
committee:

"...attempts to apply several (more complex ratinrg

schemes) led to the realization that the effort and

judgment required to implement them resulted in

distinctions that could neither be better supported

nor whose combined effects could be assessed more,

critically." )

This difficulty points to a critical need which is céigistently
recognized in technology assessment studies subsequent to the
COPEP report: the lack of an acceptable and accepted system of
social indicators for measurement and comparison of potentiél
impacts which have been identified through technology assessment.

On the basis of its three experiments, the committee reached
fourteen conclusions.39 These are paraphrased below.

1. Technology assessments are feasible, and will be useful to

Congress "when prepared by properly constituted, independent,

ad hoc task forces with adequate staff support and time."

381bid., p. 43.

39Ibid., pp. 3-5.
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2. They should be free from political influence or bias.

Selection of a preferred course of action is the prerogative

of the legislator; the assessment group should limit itself to

outlining alternative strategies for action.

3. Assessors should be chosen for their expertise and not as
representatives of affected parties or interests.

4. Assessors must necessarily be chosen from public g?d
private organizations with knowledge about the subject, but
organizational biases of the experts will tend to cancel out and

be neutralized.

5. There should be extensive participation by behavioral and

political scientists; experience shows that engineers, economists,

and social scientists can work together harmoniously.

6. To be of most use, the assessment should take about one
year and be the sole activity of the research group.

7. Congress would be best served by a small management group
which would arrange for technology assessments by diverse research
organizations. No one entity can provide adequate in~house
expertise for all assessments.

8. Cause-effect analysis should be supplemented by "the
intuitive judgments of knowledgable individuals.,"

9. Assessments can begin through consideration of either a

technolagy, or a social problem. The procedures for these two

kinds of assessment will differ somewhat; Congress has a greater
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need for the first, while more fully tested methodologies exist
for the second.

10. Technology-initiated assessment requires a choice between
"diffuse searches seeking some early-warning signal" and "con-
version to a problem-oriented study" that chooses the most
significant (potentially detrimental) impacts for analysis. The
latter choice involves the danger of overlooking hitherto un-
recognized impacts.

11. Long-term forecasts (more than five years) are valuable
for planning and "setting the stage" for consideration of unfore-
seen events, but are likely to be unreliable.

12, Criteria for establishing the priogity of topics for
assessment include the breadth and depth of expected social
impact, the visibility of the problems to legislators and to the
public, and the current and expected rates of development of the
technologies.

13. Appraisal of impacts must include the derivation and ..
of measures of social value pertinent to the quality of life, in
addition to conventional economic and technical risk-benefit
criteria.

1l4. Technology assessment can provide the public support
necessary for national programs designed to secure the benefits

and avoid the problems of technological advances.

Unlike the COSPEP report earlier described, which indicated

a preference for internalized assessments (those integrated into

it mine

o ea




o

OIS

institutional decisionmaking processes), the COPEP report thus

concentrated on the need for externalized assessment, "by

properly constituted, independent, ad hoc task forces" of
neutral experts. The COPEP study, unlike the earlier efforts,
made a clear distinction bétween problem-initiated and tech-
nology-initiated assessments. By clearly preferring the former
{because of the existence of familiar and well-developed
technigques of analysis for such subjects), and by advocating the
conversioiy: of technology-focused assessments intc problem-
oriented studies, COPEP tended to downplay exploratory, antici-
patory assessment at an:early stage of technological innovation,
when problems have not become obvious and potential consequences
have not yet been recognized. This thrust undercuts the
greatest value of technology assessment as other advocates,
including Mr. Daddario, have conceived it. By focusing on
technology~related problems to the almost total neglect of
potential benefits, this report stressed the negative aspects
of technology assessment and may have fed the anxieties of
critics who were, in 1969, already beginning to talk of technol-
ogy assessment as "technology arrestment." These fears became
evident at a meeting which provided the next significant forum
for discussion of technology assessment.

1969 and 1970: Discussions and Hearings. - Under the aegis of

the Engineering Foundation, a non-profit professional association,

about one hundred persons met in August 1969 for a discussion of the
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three reports which had been generated on technology assessment.
Participants included the COSPUP and COPEP members, representa-
tives from the Legislative Reference Service and congressional
committee staffs, and engineers and academicians. During the
discussions, as one participant, Dr. Franklin Huddle, described
the discussion, it became clear that

", ..there was a trend toward the polarization of
views into --

"(a) Those favoring a formal governmental process...,
those concerned with the cooling of technology,
and those concerned with ecological/environ-
mental insults caused by technology,

versus

"(b) Those determined that the creativity of tech-

' nology should not be restrained by the strait-
jacket of assessment and regulation; those
attaching high value to the economic importance
of continued exploitation of technology; and
those inclined to discount as exaggerated the
allegation of environmental degradation resulting
from technological 'progress'."40

Those who take the extreme position that technology assessment
may be "a straitjacket" dampening technological innovation and
starving scientific research by suppressing public support,
cannot be assumed to be callous to societal problems. As one
such sceptic wrote, in a paper entitled "Technology Assessment
or Technology Harassment?":

"Considering the attacks to which science and technology

are now being subjected, the danger is...that harassment
by an overemotional political process may prevent (new

40Hudd1e,”Government Technology Assessment,” p. 26.
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technology) from coming to fruition. Such a risk
may be run, however, to assure that the new technology

will meet iis legitimate purpose of serving the public
interest."

This author, Dr. Leon Green, Executive Secretary of the
Defense Research Board, pointed out in speaking of pollution:
"What generally goes unrecognized...is that the culprit
is not technology per se but persistence in the appli-
cation of obsolescent (if not archaic) technology for
economic reasons, and failure to apply new or existing

technology for the processing of waste products. What
is needed is not less but more and better technology,

thoughtfully applied.”

In November and December 1969, the Daddario subcommittee held

42

hearings on the subject of technology assessment. The Comptrol-

ler-General of the United States and the heads of the National
Science Foundation, the Library of Congréss, a National Labor-
atory, the National Bureau of Standards, and the Office of Science
and Technology, described for the subcommittee the readiness and
capability of their organizations to provide Congress with
technology assessments. Other executive agencies, such aé the
Department of Commerce and the Food and Drug Administration,
provided testimony about the technology assessment activities

of their agencies. In addition, there was testimony from repre-

sentatives of a number of academic institutions, especially those

41Leon Green, Jr., "Technology Assessment or Technology Harass-
ment," unpublished paper presented at a Seminar of the Program
of Policy Studies in Science and Technology, The George Washington

University, March 26, 1970.

42U.S. Congress, House, Committee on Science and Astronautics,
Technology Assessment, before the Subcommittee on Science,
Research, and Development, 91lst Congress, lst Session, Nov. 18,
24; Dec. 2, 3, 4, 8, and 12, 1969.
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with programs in the policy sciences, which indicated that the
idea of technology assessment had been picked up and explored
and was rapidly becoming a new and recognized area for academic
endeavor. These groups included the Program of Policy Studies
in Science and Technology at The George Washington University,
the Program in Science and Public Policy at Purdue University,
the Program of Technology and Society at Harvard University
(now defunct), and others.

The activities of the Daddario subcommittee had sparked wide
interest and the concept of technology assessment was being
explored, during 1967-1970, through a flood of articles in
science and engineering publications, professioisl journals, and
the general media. An annotated bibliography <& technology
assessment, prepared by the Library of Congress for the sub-
committee in mid-~-1970, listed 154 articles, documents, and books
on the subject.43

Thus ; when the Daddario subcommittee reconvened hearings in
the spring of 1970, the idea of technology assessment had
generated wide interest.44 Public hearings were held in Los

Angeles, San Francisco, and Webster Groves, Missouri (at Webster

U.S. Congress, House, Committee on Science and Astronautics,
Technology Assessment, an Annotated Bibliography and Inventory
of Congressional Organization for Science and Technology, pre-
pared for the Subcommittee on Science, Research, and Development.
91st Congress, 2nd Session, July 15, 1970.

44

U.S. Congress, House, Committee on Science and Astronautics,
Technology Assessment — 1970, Hearings before the Subcommittee
on Science, Research, and Development on H.R. 17056, 91st
Congress, 2nd Session, 1970.
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College) in March to hear representatives of public interest and
citizen action groups, and experts on technological impacts and
critical environmental problems. In May and June the hearings
continued in Washington to hear discussions of how a technology
assessment mechanism to serve Congress might best be structured.
The Daddario Bill proposed the establishment of a Technology
Assessment Board to promulgate assessment policy, and an Office
of Technology Assessment to serve Congress by initiating assess-
ments, using both the Congressional Research Service and the
National Science Foundation to carry out research projects
requested by the Board, the Director of the Office, or the chair-
man of any congressional committee. This bill, H.R. 18469, was
introduced by Representative Daddario on July 15, 1970, and
subsequently reported out by the House Science and Astronautics
Committee. A counterpart bill, S. 4085, was introduced in the
Senate at the same time. Another bill (S. 4044) had been
introduced by Senator Magnuson a few days earlier, which would
establish an "Independent Technology Assessment and Environmental
vata Collection Commission" to sexve all branches of the govern-
ment. The Commission, as proposed, would have much the same
functions described'in Representative Daddario’s bill with |
particular emphasis on providing an "early warning" of detrimental
environmental impacts of new technology. This bill was referred
to the Commerce Committee of the Senate. No further action was

taken on these bills by the 91lst Congress.
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However the Daddario bill reappeared during the 92nd Congress
as H.R. 10243, sponsored by Representative Davis and others.
(Mr. Davis had assumed the chairmanship of the Subcommittee on
Science, Research, and Development after Mr. Daddario retired
from Congress in 1970 to run for another office.) The bill
received the unanimous approval of the Committee on Science and
Astronautics and was passed by the House of Representatives on
February 8, 1972, by a vote of 256 - 118, and sent to the
Senate. The bill would establish an Office of Technology
Assessment (OTA) to serve the Congress; OTA would not itself

perform technology assessments but would initiate and direct

assessments through contracts with nonprofit, academic, industrial,

or ad hoc research groups. Its independence from the Executive

Branch was stressed; as one of its sponsors told the Congress,

"L,et us face it...we in the Congress are constantly
outmanned and outgunned by the expertise of the execu-
tive agencies. We desperately need a stronger source
of professional advice and information, more immediately
and entirely responsible to use and responsive to the
demands of our own committees in order to more nearly
match those resources in the executive agencies."45

The original bill called for OTA to be made up of a Technology
Assessment Board consisting of two Members of the House, two
Senators, the Comptroller—-General, the Director of the Congres-

sional Research Service, the Directox of OTA, and four public

45
U.S. Congress, House, Remarks of Mr. Moshur supporting a
pbill to Establish the Office of Technology Assessment, Congres-
sional Record, February 8, 1972, H. 867.
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members appointed by the President. But in the interest of
further independence from the Executive Branch, the bill was
amended on the floor so that the Board would consist of fivef
Members of the House and five Senators, with the chairmanship
alternating between these two groups. The Director is to initiate
assessments only at the direction of the Board or of congressional

committees.

A Technology Assessment System for the Executive Branch

Should the Technology Assessment Bill be accepted substantively
by the Senate, the Congress will have established a mechanism
which will provide Congress with technology assessments indepen-
dent of the assessment process in the Executive Branch. Congress:
had already passed, at the end of 1969, the National Environ-
mental Policy Act, discussed in a subsequent section of this
chapter, which was designed to improve the planning and evaluation
of technological projects and pfograms by executive agencies.

The Subcommittee on Science, Research, and Development had taken
one further step in this direction by commissioning a fourth
study of technology assessment by the National Academy of Public
Administration. This study was concerned with technology -assess-
ment in the Executive Branch.46 This study, which appeared in

July, 1970, concluded that "Technology assessment in the Execu-

tive Branch now suffers from two major drawbacks: (1) the

46A Technology Assegsment System for the Executive Branch.
Report of the National Academy of Public Administration to the
Committee on Science and Astronautics, U.S. House of Representa-
tives (Washington, D.C.: Government Printing Office, Culy, 1970).
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II. DEVELOPMENT OF THE CONCEPT
OF TECHNOLOGY ASSESSMENT

C. Contextual Approach to

< Technology Assessment:

Implications for '"One-
Factor Fix'" Solutions to
Complex Social Problems

Louis H. MAYO
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participants, institutions, and social interests significantly affected
by the proposed application. Further, each such participant will employ
an alternative-oriented decisional model8 to conduct its analysis of the
more promising strategies or courses of action to pursue in order to
achieve the desired assessment outcome,

The System of Technology Assessment comes into operation with respect
to a given application when prompted by an Tnitiating Event such as a sug-
gestion, recommendation, or proposal from any participant, public or private,
in the System. Or the event may be a crisis or disaster arising from a
technological source or within a social problem context for which a techno-
logical means is sought for its solution or alleviation. TFrequently, a
mission-oriented agency will be the initiating entity which sets the System
in motion, the proposal growing out of its normal planning or R&D activities.
Assuming the usual progression of a promising R&D proposal, the stages will
include: Initiation, Assessment/Planning, Decision/Approval by the Executive
Branch and the Congress, Implementation, Operations, Continuing Appraisal,

and Feed-back. In some instances this Process of Program Implementation

is monitored and regulated by an independent administrative/regulatory
agency. But continuing monitoring and informal assessments will be made by
various entities in the overall System of Technology Assessment/Application.

In assessment decisional situations dinvolving the establishment of a statutory

8

See Louis H. Mayo and Ernest M, Jones, ''Legal-Policy Decision Process:
Alternative Thinking and the Predictive Function," 33 Geo. Wash. L. R. 318,
350 (1964).

PRECEDING PAGE BLANK NOT FILMED
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scheme and an implementing agency, the evolution might be characterized by

the phases of the Legal/Policy Decision Process of Intelligence, Recommenda-

tion, Prescription, Invocation, Application, Appraisal, and Modification/

Termination.9
It is apparent in locating the evaluative function in the context

of the on-going Effective Public Decision Process that evaluation pervades

the entire process. Assessments are performed for a variety of purposes.lo

The evaluation function, including technology assessment, is performed by

' a great diversity of public, private and public/private sector entities

with differing authority, objectives, resources, capabilities, experience,
and influence on the decisional process —- evaluation being primarily an
intelligence or enlightenment input of relevant data and analyses. Assess-—
ment is carried on by participants having perspectives ranging from the
most exclusive and partisan to the mest inclusive and public interest-
oriented. The participants interact in formal and informal forums and in
authoritative decisional arenas. The assessment outcomes of a diversity

of assessment entities must eventually be evaluated by the ultimate

9

Harold D. Lasswell, and Mvres S. McDougal, "Jurisprudence in Policy-
oriented Perspective," 19 Fla. L. R. 486, 505 (1967).

10

For example, assessments may be directed to an evaluation of the

total social impacts of a specific technological application, or to certain
specified effects if the application is considered as a source of social
harm or as a means of alleviating an adverse social condition. But the
assessment cbjective might also be to assess alternative technological
configurations or alternative applications which will conform to a stip-
ulated future social environment, or to make a comparative assessment of
alternative technological applications designed for the same social purpose,
or to make a comparative assessment of alternative technological applications
designed for different or competing social objectives. For illustrations
of various assessments and their particular purposes, see Vary T. Coates,
Examples of Technology Assessments For the Federal Government, Staff Discussion
Paper 206, Program of Policy Studies in Science and Technology of The George
Washington University , January 1970.
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authoritative decision makers, such as the agencies of the Executive and
the Office of Management and Budget, as well as by the legislative com-
mittees and sub-committees of the Congress. It would seem essential to
the overall adequacy of the technology assessment function that thoughtful,
calculated, and understandable national policies be established which will
provide the criteria for evaluation of the social impacts of proposed
technological applications. Otherwise, assessment outcomes, with respect
to particular programs or projects, cannot be evaluated for adequacy and
usefulness by the responsible decision makers. Further, this overall task
of assessment outcome evaluation would seem to require some mutuality of
accommodation among expressed national policies in the major social-
functional areas.ll

But the establishment of meaningful national policies which can give
guidance to assessing entities is no easy task. Of course, the assessor
always has the option of measuring effects brought about by the interven-

tion of a technological application in terms of alternative schemes of

social interests or of alternative national policy objectives. This approach

1s useful in setting out policy alternatives where no established policy
exists; concomitantly, it may simply stimulate greater divisiveness by

supplying analytical support for more sophisticated advocacy.

11
See, for example, John W. Gardmer, "The Undelivered Message
of John Gardner,' The Wash. Post, May 16, 1970, p. A 12. col. 3.

We can't understand our current frustration if we look only at
specific substantive goals in education, housing, employment,
and the like. What is not working is the process and the
mechanisms which should serve us in achieving all of our goals.
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Daniel P. Moynihan has asserted that we are moving from a focus on
independent programs which "relate to a single part of the system'

to policy which "seeks to respond to the system in its entirety."12

He expects this movement to be a definitive trend in the 1970's.13
Tn short, we are giving increasing attention to total social problem
contexts or social systems as contrasted with programs directed toward
particular parts of such systems which are not coordinated by an overall
policy. "(A) policy approach to government . . . (seeks) to encompass
the largest possible range of phenomena and concerns."14 Moynihan cites
the 1956 Interstate and Defense Highway System as the "largest public

nl5 .nd states that the eventual judgment will

works pregram in history
be that it has "had more influence on the shape and development of
American cities, the distribution of population within metropolitan
areas, and across the nation as a whole, the location of industry and
various kinds of employment opportunities (and in all these, immense
influence on race relations and the welfare of black Americans) than

16 But he also

any initiative of the middle third of the 20th Century."
concludes that '"the politics of getting the Interstate Highway Program
enacted, decreed, or at least indicated, the narrowest possible defini-

17
tion of its purposes and impact." However one might assess this

judgment, it is correct that President Eisenhower's Message to Congress

12
Daniel P. Moynihan, "The Concept of Public Policy in the 1970's,"
Speech given at Hendrix College, Conway, Arkansas, Apr. 6, 1970, p. 5.
15

13 , 14
Idem at 7. Idem at 11. Tdem at 15.
16 17

Ibid. Idem at 17.
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on the National Highway Program of February 22, 1955, attached the Report

of the Presidential Advisory Committee on A Ten Year National Highway

Program which focused its attention on the '"Nation's highway system,

other modes of transportation being explicitly excluded."18 But within
the social sub-system thus posited, both the Advisory Committee and the
Report of the House Committee on Public Works displayed an intention to
include all significant social interactions and effects of the proposed
"Nati-nal highway system." As the author of this paper has observed
elsewhere:

The Congressional Committee Report shows that an extremely
wide range of engineering, financial, and social factors

was considered. From our present perspective, however, we
would note that some factors were given no attention what-
ever. The Advisory Committee and the Congress seemed to be
much more concerned with the efficient implementation of the
highway program rather than with cumulative and qualitative
social impacts, particularly those which might be detrimental.
No consideration was given to increasing envipronmental pollu-
tion which would result from the growing traffic volume: air
pollution from exhausts, engine noise, resulting aesthetic
debasement, or the derivative health hazards from the fore-
goilng sources. Nor was a great deal of attention given to

the relationship between the increased number and size of
motor freight carriers and the possib%e increased hazards to
private auto drivers and passengers.l

The above quoted passage should be considered as illustrative of the
prevailing public concerns (or the lack thereof) of the middle 1950's,
and not as a criticism of the Presidential Advisory Committee and
Congressional evaluators. But Moynihan comments with reference to the
planning and implementation of the Interstate Highway System by the

Bureau of Public Roads:

18 19
Mayo supra note 1, at 18. Idem at 19.
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As bureaucrats, their instinct was faultless. Had anyone
realized what they were in fact doing, the sheer magnitude
of the interests they were affecting, it is nigu impossible
to imagine that they would have won acceptance. Indeed a
bare fifteen years after the Interstate program commenced,
it is near impossible to get a major highway program approved
in most large American cities. But it is too late: most
systems have been built. In the process --— such at least
would be my views -— quite appalling mistakes were made, but
they were mistakes having to do with issues nominally alto-
gether unrelated to the highway program itself, and so no
one was responsible for them.... 1
:
1
;
1

Surely it is possible to hope for something more. Government
must seek out its hidden policies, raising them to a level of
consciousness and acceptance —- or rejection -- and acknowledge-~
ment of the extraordinary range of contradictions that are typ-
ically encountered....Surely also it is possible to hope for a
career civil service that is not only encouraged, but Eiquired
to see their activities in the largest possible scope.
Despite the foregoing suggestions of lack of policy guidance in

terms of formulations which encompass broad social problem contexts or

inclusive social systems, we do have many commendable policy statements

directed to =2ritical social problem contexts in our statutory schemes,

as for example: Employment Act of 1946, Housing Act of 1949 and sub- 5

sequent reiterations, Economic Opportunity Act of 1964, Civil Rights

Act of 1964, etc. So the deficiency may not be entirely due to a lack

20

Moynihan supra note 12, at 17.
21

Idem at 18.

This discussion of the re-assessment of the Interstate Highway
Program suggests the question of the extent to which the new National Rail
Passenger Corporation, which commences management of intercity rail passen-
ger service as of May 1, 1971, has been evaluated for "total social impacts"
with respest to its operations. See DOT Release of Jan. 28, 1971, #2071.
See also, Tom Wicker, '"Rescuing the Iron Horse," N.Y. Times, Sept. 27, 1970,

p. 15E, col. 4.
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of well formulated policy. It is also a matter of determination to carry

out stated policy including the willingness to allocate sufficient resources

for the development of adequate planning and assessing capabilities as well

as to lmplementation/enforcement fum:tions.z2

An intense concern has now emerged for a reorientation of social goals

expressed by formulations such as 'the qualitative society," a "livable

1"

23
environment," and "balanced social growth." There is definitely a trend,

22
Joseph A. Califano, Jr., '"The Rhetoric and the Reality,' The
Wash. Post, June 4, 1970, p. A 16, col. 3.

Certain indicators raise serious doubts as to the extent of the
public's interest in environmental pollution abatement when actually
confronted with the cost. See Sylvia Porter, "You Will Pay For
Pollution Controls," in the Wash. Star, Sept. 23, 1970, p. F 6, col. 3.

In an editorial, "Missing the Message on Billboards," The Wash. Post,
Sept. 22, 1970, p. A 20, col. 1, makes the following comment:

One of the funnier games that politicians occasionally play is to
pass a law one day and then help break it the next. Except that
not everyone finds it funny. In 1965, Congress enacted the Highway
Beautification Act which said, among other things, that all bill-
boards were to come down by July 1, 1970, from rural secticns of the
interstate and primary highway systems. This meant some 800,000 signs
bordering 235,000 miles of roadway. Now, five years and two months
later, the billboards are still up. What's worse, a fair chance
exists that they may stay up.
23
See Institutions for the Effective Management of the Environment,
a Report of the Environmental Studies Group to the Environmental Studies
Board of the National Academy of Sciences and the National Academy of
Engineering, Part I, January 1970,

See also A Strategy for a Livable Environment, a Report to the
Secretary of Health, Education, and Welfare, by the Task Fcrce on
Environmental Health and Related Problems, June 1967, and the Report
of the National Goals Research Staff, Toward Balanced Growth: Quantity
with Quality, Washington, D, C.: The White House, July 4, 1970. On the
urgent need for "balanced and purposeful growth" see George H. Brown,
Director of the Bureau of the Census, '"Looking to 1985 ~ and the Dangers
of an Affluent Majority," Washington Post, Dec. 29, 1970, p. A 14, col. 3.
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of which technology assessment is but one aspect, to adopt a more '"balanced"

24

orientation toward social advance. This involves the development of
indicators of social change and the means of measuring and evaluating such
change. This orientation toward the introduction of rreater rationality
into the process of applying resources to social goals obviously involves
an increasing degree of selectivity among social goals, deliberateness in

choice of means, and criteria for making such determinations.?>

24
A major shift in social value priorities has been urged, that is
from a concept of "The machine-conditioned utopia . . . based on power,
property, productivity, profit, and publicity" to one of "an organic world-
picture in the center of which stands man himself." See discussion of
Lewis Mumford's book, The Pentagon of Power (1970) in Business Week,
November 14, 1970, p. 6.

"For the first time in the nation's history, environmental questions
are figuring importantly in the campaigning in many states in this fall's
elections." N. Y. Times, Sept. 27, 1970, p. 1, col. 6,

25

The strong movement toward the reappraisal of priority social values
is reflected in the following statement concerning Robert S. McNamara, Presi-
dent of the World Bank, Wash. Star, Sept. 21, 1970, A 13, col. 1:

The former U. S. Secretary of Defense hit hard at military expendi-
tures when he told finance ministers and central bank governors
from 116 nations, "That 20 times more should be spent on military
power than on constructive progress appears to me to be the mark of
an ultimate and, 1 sometimes fear, incurable folly."

He said it was "inconceivable' to him that Americans accept a situation
in which they form 6% of the world's population but consume 40% . of its

resources and "contribute less than their fair share to the developmen

of the emerging nations."

McNamara also said population planning is imperative because the world's
present population of 3.5 billion would not become stationary until 2120
at which time it would be at 15 billion.
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We are moving from a situation of relative randomness to one of social
selectivity in technological development.,26 Neither unalloyed technological
development nor unrestrained economic growth is any longer assumed an unmixed

blessing.27 Both have been strongly related to and held responsible for a

26
"A Nation Seeks its Goals," The Futurist, Vol. IV, No. 4, August 1970,

p. 116.

"This Nation's relationship to technology may be approaching a
reorientation as drastic as the apparently impending change of
relationship of man to his environment. For the first time,
there seems to be a serious commitment to a deliberate and
cautious approach to the introduction and use of technology."
(Quote from Report of National Goals Research Staff).

The purpose of evaluating the impact of technology is both to
enable society to refrain from introducing technology that might do more
harm than good and to enable technology to be introduced in such a way
that institutional change may be made with greater deliberatiom.
27
See Edwin L. Dale, "The Economics of Pollution,” N. Y. Times Magazine,
Apr. 18, 1970, p. 1, and J. Alan Wagar, "Growth Versus the Quality of Life,"”

Science, June 5, 1970, p. 1179,

See also, Benjamin C. Marble, "Who Needs the SST?" (Review of Technopolis:
Social Control of the Uses of Science, by Nigel Calder, New York: Simon &
Schuster), Book World Section, The Wash. Post, Sept. 13, 1970, p. 8.

Calder's witty and well-organized study of the relatively orderly
Technopolis we live in now is written to show the consequences of
an uncontrolled, world-wide, slavish adoption of the philosophy
that more is better. This is a philosophy that assumes the virtues
o of genetic prefiguration, the superlority of predominately white,
o western peoples, and all the solutions professed during the past
et twenty years by the sales-oriented builders of rockets, weaponry
‘ and gross natiomal product. Calder knows that something else is
needed, and while he doesn't pretend to have all the answers, he
asks a lot of the right questions in Technopolis.
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policy of unlimited consumption and, hence, as direct contributors to
the deterioration of both the social and natural environments.28 This
emerging public attitude that technological resources along with others
should be employed to maximize social gains and minimize social costs is

reflected in policy declarations such as that of the National Environ-

mental Policy Act of 1969. This Act states in part that we take action

"to foster and promote the general welfare, to create and maintain condi-
tions under which man and nature can exist in productive harmony. . . M
Such concepts as "social indicators,' '"social systems analysis,”" and

"technology assessment," represent the analytical dimension of this quest

for a new value orientation.

28
Hans H. Landsberg, 'Villains Obscure Some Real Keys to Pollution,"

The Wash. Post, Apr. 26, 1970, p. B 3, col. 1.

For it is high per capita consumption based on high per capita
income, combined with a sophisticated and powerful technology, that
accounts for the major facets of environmental pollution in the
United States today. Behind technology and income, size and growth
of population run a poor third.
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1T ~ Contextual Approach to Technology Assessment

What is the critical change in our conceptual approach and supporting
analytical techniques that is implied in the previous discussion? Basically,
it is the need for an inclusive, comprehensive concept of the evaluative
function in the planning and development of new programs and projects,

technological or otherwise, in the support of national policy goals.29

29
See Mayo, supra note 1, at 5.

Consider also the following statement:

People have long known that technology can have undesirable
second-order consequences, the Goals Staff says. What seems
to be new is:

1. Technology is becoming both more voluminous and more
complicated.

2. The complexity of much new technology makes it more
difficult to anticipate how it will do its primary job.

3. As our understanding of biological, ecological, economic,
and social processes improves, we are struck with the com-
plexity of the consequences which technology can produce.

4. We have a growing determination and belief in our capacity
to evaluate the second-order consequences of all ocur actions,
including the use of technology, and to include their costs
in our policy making process.

YA Nation Seeks Its Goals," The Futurist, August 1970, p. 116.

Another variation is presented in the statement of Charles J. Zwick,
President of Southeast Bancorporation, Miami, Florida, in Economic Analysis
and the Efficiency of Government, Hearimngs before the Subcommittee on Economy
in Government of the Joint Economic Committee, 9lst Congress, lst Sess. Part 1:
Aug. 12% Sept. 16 and 19, 1969, p. 165:

Simply stated, congressional interest and capacity are absolutely
essential to major advances in the executive branch of Government,
because of this interaction between congressional interest and the
focus of the senior officials in the executive branch.

T T T T T T
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As we have seen, this involves the recognition that numerous participants
having different objectives, resources, and capabilities interact in various
forums and decisional arenas and that these interactions can lead to lost
opportunities as well as serious social detriments if left unexplored. Such
interactions among participants, institutions, and social values may be
conceived of as a social system. A system, however, is often percelved as

a relatively stable pattern of interactions which can be identified and
displayed, schematically or otherwise, by cybernetic feed-back loops. Perhaps
it is more useful in the present state of the art to think of a "total social

impact” or "contextual' approach to technology assessment rather than in

terms of inclusive, comprehensive and highly sophisticated "systems' with

29 (continued)
A second major area for improving analysis capability of the

Government is additional work on the distributional impact of programs.
In brief, how does the program affect various regions and client groups?
Most analyses have ignored these issues. (Italics added.)

Economists, in particular, like to emphasize the efficiency aspect
of a program, ignoring the distributional impact of program changes.
If I learned anything in my three and a half years in Washington it was
that Members of Congress are very much concerned with dis:ributional
impact. How does it affect their constituents in particnlar, and more
generally, given their basic political orientation, what groups are
favored and what groups are disadvantaged by a special course of action?

The distributional impact of policy changes should be a standard
requirement for an analysis effort. In the excellent volume the committee
produced earlier this session, Professor James T. Bommen of the Michigan
State University discusses this problem and points out that it is almost
impossible to find data on distributional impacts of Federal programs.

But until analyses provide information on this issue, they will contitiue
to be politely received and then set aside as not completely relevant to
the serious business of congressional decisionmaking.
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all feedback loops meticulously incorporated in the analytical model.
On the other hand we need not close our eyes to the fact that we are
dealing with social systems. The social impacts of an application on
participants, institutions, processes, and soclal interests, and the
accompanying interactions may not only induce modifications in the pro-
blem context delineated for examination with respect to the design,
operations, regulation, and use of the posited application, but also
affect related social problem contexts. Changes induced in other social
systems may ultimately feed back into and affect the primary social
problem context.

Attitudes toward and concepts of the evaluative function will

certainly differ.3O But in any event, the contextual approach of

30
No doubt the controversy will continue for sometime over the
advantages and limitations of decisions based on the intuition of exper-
ience on the one hand the rational/contextual approach on the other.
Kenneth Boulding has stated that:

The great danger of rationality is of course suboptimization, that
is, finding and choosing the best position or part of the system
which is not the best for the whole. Too many people, indeed, and
especially too many experts, devote their lives to finding the best
way of doing something that should not be donme at all. Decision
making hy instinct, gossip, visceral feeling, and political savvy

maw stand pretty low on the scale of total rationality, but it

may have the virtue of being able to take in very large systems in

a crude and vague way, whereas the rationalized processes can only
take subsystems in their more exact fashion, and being rational about
subsystems may be worse than being mot very rational about the system
as a whole. I would not argue, of course, that rationality about

the system as a whole is impossible. On the other hand, the economist
has a certain mind-set in favor of his own skills, and it is easy
for him to leave out essentlal variables with which he is not
familiar. Here, indeed, a little learning may be a dangerous thing,
or even a little rationality.

g
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attempting to trace through systematically, insofar as practicable,
the full social implications of a technological application as it
affects participants, institutions, resources, and social interests,
seems a definite advance over narrowly defined and exclusive "systems®'

which have characterized most assessment efforts in the past.3l

30 (continued)
Kenneth E. Boulding, "The Economics of Knowledge and the

Knowledge of Economics," Paper given at the American Economic Associa-
tion, Dec. 29, 1965, p. 14-15.

Consider the following statement by Daniel P. Moynihan:

I refer to what Jay Forrester has termed the Y"counter-

intuitive" nature of social problems. We learn to think,
Forragter assures us, in simple loop systems. Social problems
arise out of complex systems. The two are not alike, so it is
asserted by men who ought to know. There are fundamentally
different properties, such that a good common sense judgment
about the one will lead with fair predictability to illusions
about the other. Thus Forrester: 'With a high degree of
confidence we can say that the intuitive solution to the problems

of complex social systems will be wrong most of the time."

Moynihan, supra note 12, at 20.

31
See in this connection Garrett Hardinm, "To Trouble A Star:

The Cost of Intervention in Nature,” Bulletin of the Atomic Scientists,
Jan. 1970, p. 20:

Economics employs partial analysis to reach its decisions.

This defect is not essential to the subject of economics, but
it is traditional. Because of the increasing pressure of
population and because of our greater knowledge of the conse-
quences of our actions, economics is being rapidly altered

away from its classical mold in the direction of ecology.

The public interest in every proposal will in the future weigh
more and more heavily in reaching decisions on the expenditure
of public moneys. Cost-henefit analyses must be carried out
within an intellectual framework that comes closer to incorpor-

ating the total system.

o
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Policy statements in statutory schemes and executive orders usually
set forth broad social objectives. Such policies are in turn supported
by one or a variety of programs and projects directly and indirectly
through programs designed primarily to serve related social policies.
Policy guidance with respect to national social goals therefore provides
the measurement standards which would be employed (at least as one scheme
of social values) in a total social impact assessment of a particular
program or project. As is evident, however, from the previous exposition
of the Effective Public Decision Process and the System of Technological
Assessment/Application, a comprehensive framework for technology assess-
ment of a major intervention into the social process will inwvelve 2
sequence of analytical operations of which a national social policy
or policies will provide only one of multiple inputs.

Recognition of the need for a‘reinforced technology assessment
function and its regularized application is only the first phase of what
must be a continulng process. The really critical point is the adequacy
with which assessments are performed. The notion of adequacy can be
understood only with an appreciation of the full scope of operations
involved in the assessment process.

Assessment tasks can be expected to differ considerably depending
upon many factors, such as the study parémeters set by the sponsoring
agency or by the initiating assessment entity, by the nature of the
particular application, and by the resources of the assessing entity.
Hence, we can anticipate a variety of assessment methodologies, If we

assume for present purposes that a major new technological application
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or alternative applications (such as transportation modes for linking
large metropolitan areas) are proposed for introduction into a future
social environment, then it would appear that the following types of

organizational/analytical operations are essential:

Preparatory Phase:

Tentative specification of the time sequence of tasks to be
performed in order to achieve the objective of the assessment.

+ Provisional organization of the assessment group staff into
Social Impact Task Units related to social sub-processes
(institutional-value contexts) as contrasted with conven-
tional academic disciplines or professional identifications.
; For example:
« Bffective Public Decision Process (National and
International)
+ Economic Institutions and Processes
+ Knowledge and Skill Institutions and Processes
+ Urban and Regional Developmental Processes
Social Behavioral Patterns: Standards of Conduct,
Interpersonal Relations, etc.
* Processes for Exercising Volitional Options in the
Social Environment: Well-being: Access to goods,
services, etc.
+ Processes Affecting the Quality of the Natural Environment

« TInstruction of the assembled staff in the overall methodology of the
study and techniques for evaluating social impacts.

Execution Phase:

Establishment of baseline data on the existing Social Environment.

Egtablishment of baseline data on the R&D status of the relevant
technology or technologies.

. Projection of future social environments within the prescribed
time frame: extrapolations, deliberate interventions, and
contingencies,

* Imposition of the proposed technological application (or alter-
native applications) on the projected future social environments.
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* Identification of the significant effects or changes which will
necessarily, probably, or possibly occur during the initiation,
implementation and operational stages of the application (or
applications).

Selection of those effects to be fully analyzed and evaluated
to determine the social impacts of the application.

* Identification of the participants, institutions, processes, and
social interests affected by the changes brought about by the
introduction of the application into the projected future social
environments.

+ Social impact analysis of such effects in terms of their probability,
magnitude, duration and social desirability or undesirability with

respect to the affected participants, insyitutions, processes, and
social values. :

* Measurement of the social impacts in such manner (as aggregates or
particularized) as to render them usable inputs into a rational
decision process.

+ Pregsentation of the assessment outcome in terms of 1) an overall
social cost/benefit ratio; or in terms of 2) critical policy
issues which take into account the significant changes flowing
from the technological intervention and the social impacts

resulting therefrom; or by 3) the alignment of basic findings
with R&D requirements and with further social impact assessment

needs.

The foregoing operations seem logical and straightforward, but one must
be aware of the uncertainties and difficulties involved in certain of the
operations, particularly the evaluation of social impacts. Various projec-
tions must be made. Not only must technological development forecasts
be made, but assumptions are required with respect to the conditions of
operation, managerial skills to be applied, and the reaction to such

operations by those who will be affected. Models of the manner in which

participants (individuals and organizations) will behave or be expected
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to behave must be posited. Serious deficiencies now exist in our
capability for "future-oriented" thinking.32

Further, the degree of social impact will depend upon the extent
of use, or what is assumed to be the extent of use, of thz gsubject
technology. We have often in the past probably seriously underestimated
the scale of application (private automobiles, television, etc.).33
The scale of use varies with such factors as the perceived utility, the
affluence of the society, and the number of people or entities in the

"market." The aggregate use of technologies by an American citizen is

many times greater than that of the average Indian citizen. Hence, the

32
On the need to develop new professional skills to diagnose complex
social systems in modern, dynamic society, see Edgar H., Schein, '"The Role
Innovator and His Education,' Technology Review, October/November 1970,
p. 34. See also, Erich Jantsch, "Planning and Designing for the Future,"

Futures, September 1969, p. 440.

33
The automobile had a relatively slow start. See the interesting

discussion of the evolution and impact of the automobile on American soci-

ety by Samuel Eliot Morison in The Oxford History of the American People,
The Great Change 1907-1939: "1. The Auto and the Ad Man," 419 (1965).

To introduce a touch of humor into our predictive capability, or

better, fallibility, we might reach back even further and consider a quote
from Scientific American for July 1899 which appears in Reason Awake: Sci-

ence for Man by Rene Dubos (1970), p. 95.

The improvement in city conditions by the general
adoption of the motor car can hardly be overestim-
ated, Streets clean, dustless, and odorless, with
light rubber-tired vehicles moving swiftly and noise~-
lessly over their smooth expanse, would eliminate

a greater part of the nervousness, distraction, and
strain of modern metropolitan life.

RV
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potential for both technological abuse as well as technological benefit
is far greater in America than in India.34 From the foregoing discussion
it is apparent that there are limitations on what' can be expected from
Technology Assessment. But this much can at least be said: Technology
Assessment can alert all affected participants to the probabie social
impacts of a given application under gpecified cond:'.tions.35 This in

itself 1s an advance toward more rational social behavior.

34
See W. H. Davig, New Republic, Jan. 10, 1970, p. 13; also
Frank S. Hopkins, '"America and the World: The Future," (Address
delivered at the 2nd Annual Institute of Sociology at Muskingum
College, New Concord, Ohio, March 8, 1970); in an attachment to
the World Future Society Bulletin, Vol. III, No. 9, Sept. 1970, p. 3.
35
See generally Lederberg, Joshua, "TA Can Help Prevent Some
Historic Mistakes," Washington Post, January 24, 1971, p. B 2, col. 1.
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IV - Social Problems and the "Technologic£i>Fix"

The previous sectioa has alluded to a variety of questions\which
would be posed and examined in a comprehensive assessment qﬁmthe prob-
able future implications of an adequate technology assessﬁentv%unction.
This section will be limited to a discussion of special aspects of the
potential implications of assessment outcomes for social action programs.
Specifically, what might be the implicatiéns for the selection of means
of coping with gocial problems and how will such means (in particular
technological applications) be related to or integrated with prescrip-
tions concerning control over the mode of introduction, méﬁ;er of
operation, and restrictions on the uge of resulting products or services?:m 0y
This formulation encompasses two topics which have usually been tréated
separately: 1) the impact of a reinforced assessment functlon on techno-
logical innovation and 2) the concept of "technological fix."

One of the principal arguments thatkhas been made against an enhanced
technology asseésment function is tha£ it will have an inhibiting impact

N

on technological development.49 While it certainly may, in given'instances;‘\\

49 ‘
The National Goals Staff cautioned that:

Technology assessment must not become 'technology arrestment . . M

Fortunately, parallel to the technology assessment movement, there
is an emerging "technology transfer'' movement dedicated to finding
a fuller range of uses for existing and new technology.

"A Nation Seeks Its Goals," The Futurist, Aug. 1970, p. 116.

See also, Leon Green, Technology Assessment O Technology Harassment?:
The Attacks on Science and Technology. Paper presented at Professional
Seminar Series on the Processes of Technology Assessment, The George
Washington University: - Program of Policy Studies in Science and Technology,

#8, Mar. 26, 1970.
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S
have limiting implications as to how or when or where a technology is

to be applied and to the level of operations, one of the main contentions

49 (continued) . o
The followlng views of Edward E. David, the President's science
advisor, are relevant to this matter: 2

LOSING OUR NERVE TO EXPERIMENT?

Edward E. David, Jr., the President's science adviser, believes
this country is losing its technological nerve.

David told a science writers seminar last week that the American
public is becoming increasingly alienated from rational ways of thought.
"There are many evidences that soclety does not believe that technology

can be controlled in a rational way," he said. '"Because of that,
gsoclety is losing its courage to experiment. This trend leads to
disaster for it divorces our decision~makers from reality."

David said that '"we must not place limitations on biological
experiments" despite warnings from such eminent scilentists as
James D. Watson, Harvard Nobelist, that genetic engineering may lead

to test-tube babies and a host of ethical and social problems. David
also reiterated his opinion that we should build two prototype super-

sonic transports (SST's) to determine whether the.technical and
environmental problems can be overcome so that it becomes feasible
to build a fleet of SST's. Finally, he cited the negative reaction
glven by the National Academy of Sciences to suggestions by Nobelist
William Shockley that research should be performed in an effort to
identify characteristics peculiar to different races.

"Make no mistake," he said, "a limitation on experimentation in

vhatever cause is the beginning of a wider suppression. When we fail

to experiment, we faill. In falling, we bring the best part of
American society as we know it today to a halt.

) "Already we see timidity in new undartakings." David continued.

e require overanalysis before we are willing to ¥ind out what are
the real possibllities. If these trends progress, our society will
become dull, stodgy, and altogether stagnant." --P. M. B,

Science, March 5, 1971, p. 875.
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made herein is that technology assessment may have far more serious
implications for general social behavior, individual and organizational.
It is not just the technological/industrial sector which may experience
limitations on the promotion of an ever-expanding market through popula-
tion growthignd the stimulation of demand through advertising, lobbying
activiti;s, and political manipulations.so Almost all segments of society
will in some measure be affected, beneficially and adversely, in this
effort to apply science and technology like other resources in the rational
pursuance of priority social needs. In many areas, R&D for technolpgical
progress should be expedited, not slowved.”l we certainly need some
alternative to the conventional internal combustion gngine and a quieter
aircraft jet engine. We need better means of public transportation, .

better means of waste disposal, better housing and sanitary facilities

50
Robert Gomer, "The Tyranny of Progress," Bulletin of the Atomic
Scientists, February 1968, p. 4, 7. e

For the technological revolution, negative feedbacks have so far

been feeble or lacking, in large measure, of course, because the

gains have been enormous and visible; the 11l effects have been

slower to make themselves felt, and have been obacured or justified

by the gains. On the other hand there are strong positive feedbacks

which tend to spur uncontrolled, unplanned expansion. Chief of these

is economic pressure -- pressure for doing things most cheaply regard-

less of ultimate cost to the society, and pressure for stimulating

population growth in order to increase consumer markets.

51

We have hardly begun to make effective use of cybernetic concepts,

automatic data processing, and simulation techniques. See the various
suggestions in: John S. Saloma, 'System Politics: The Presidency and
Congress in the Future" Technology Review, December 1968, pp. 23-33; and
E. S. Savas, "Cybernetics in City Hall" 'Sc¢ience, May 29, 1970, p. 1066.
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for much of our population. But perhaps we do not need to drive a private
auto as much; or live as close to éirports; or dispose of so much trash;
or continue uncoordinated zoning practices; or abide archaic institutional
positions which stand in the way of introducing needed socio-technical

innovations; or expand the population without limit.52

52
The number of cars, trucks and buses registered in this country
is increasing twice as fast as the human population, according to
figures released by the Department of Transportation.

"Vehicles Outpacing Human Population," N. Y. Times, Sept. 20, 1970,
p. 85, col. 1.

One observer views the matter in the following perspective:

In summary, the new religeocology to date promises more soporific
than salvation precisely at that time when salvation may be rapidly
escaping attainment. This situation will continue so long as
politicians and other leaders see the ecology crusade as merely

a way in which basic problems and schisms can be forgotten and as
long as citizens insist upon life as usual with a minimum of disrup—
tion and inconvenience. However, as the recognition of the real
nature of these problems develops in many groups and the ecology
crusade begins to seek radical solutions, we can anticipate a
heightened politiclzation of the issues and an increased conflict
with vested interests and privileges. Americans should not be afraid
of this possibility, since that is the direction in which true salva-
tion may lie. :

For example:

Ecological Problem Religeocology Answer Radical Questions

Automobile Poliution Clean up the exhaust of Shouldn't we consider
the car; support pri-~ abandoniig the auto-
vate enterprise in mobile as a meaningful
this attempt. mode of mags transpor-

‘tation? Even 1f we clean

up exhausts, what about

Lowrie, Ritchie P., "The New Religeocology: traffic congestion, noise,

Salvation or Soporific?", Social Policy, July/
August 1970, pp. 46, 48.

accidents, and the dis-
posal of abandoned cars?

i
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Presumably the great benefit of technology is that it provides an
increasingly effective and flexible means of satisfying human needs and
aspirations; it provides -- or should prﬁvide ~~- for an ever improving
social environment, not merely a greater selection of technological options.
Technology assessment is advanced as a means by which we can better employv
technology for expanding sgcial options such as access to goods, services,

53

and the enjoyment of soclal-cultural amenities. But some observers

53
In this connection consider the following comment on the views of
Buckminster Fuller in the Wash. Evening Star, Oct. 23, 1970, p. B 1, col. 3:

Basic to the game is Fuller's idea that mankind still functions —-
badly -- on the Malthusian concept of scarcity of resources. This
concept, he believes, is the phychological underpinning for nation-
states and the cause of such things as "pollution.'" Such local
political units and problems will disappear, he predicts, when men
become aware of the availability of natural and man-made resources
on a worldwide basis.

TECHNOLOGY TO ACT
Most importantly, perhaps, Fuller obviously believeéﬂman now
possesses the technology to act, once he is provided with inform-
ation on the scale that the computer has made possible.

The results of the World Game, he says, will be to enable "all
humanity to enjoy the whole planet Earth without any individual
profiting at the expense of another and without interference with
-one another."

§ i 0f course, action programs following from certain persuasive assess-
o ment outcomes could in fact reduce certain kinds of social options

(in terms of individual choice), i.e., imposition of birth control
regulations or restraints on land use.
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suggest that since we have let technological innovation( application, and
use, expand without heeding the full social consequencéé, it is already
too late to introduce a strengthened assessment function.54 of coursé,
it is not too late for this effort, but it may very well be too late for
us reasonably to expect a continuing enlargement of social options dufing

the short term.55 Assessment outcomes over the past few years have clearly

i

54
See Moynihan gupra note 12, at 18; and consider the review of

The City by John V. Lindsay (New York City: Noxton Press, 1970) in which
Harold Lavine states:

Yet, as every New Yorker can attest, the city is becoming more and
more unlivable -- even for the upper middle clags. Crime in the
streets is steadily increasing; the streets themselves are becoming
dirtier and noisier; and traffic, more and more tangled; the schools
are continuing to deteriorate, and heroin addiction among the young
has grown alarmingly in middle-class neighborhoods. More important
still, the feeling of helplessness and of alienation is spreading.

"Book Review Section," Saturday Review, Apr, 11, 1970, p. 25.
55
For a stimulating discussion of possible impending crises over
the next few decades see John Platt, "What We Must Do Science, Nov. 28,
1969, p. 1l115.

As far as the long term is concerned, Frank S, Hopkins comments in
"America and the World, The Future," (Address delivered at the 2nd Annual
Institute of Soclology at Muskingum College, New Concord, Ohio, Mar. 8
1970), in an attachment to the Bulletin of the World Future Soclety,
Vol. III, No. 9, Sept.; 1970:

’

I am more coptimistic about 2001 than I am about 1984, since it seems
to me that we have more options open for the more distant date and
more lead-time in which to set in motion necessary social reforms
which will be vital to our destiny. p. 6.

Hopkins 1is less optimistic about the near future:
But when I think about 1984, I find myself beset with many gloomy

thoughts, It seems to me that it is going to take the leaders and
policy-makers of the world, prodded on by all thoughtful pecple,
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demonstrated that severe curbs must be imposed on the application and use
of certain technologies if we are not tc greatly diminish certain desirable
social cénditions, such as a non-polluted environment which we have enjoyed
in the éast. This does not necessarily inhibit technological iﬁnovation as
a continuing process. It may mean that the directioﬁ’of future R&D will be
subject to certain guidelines or constraints. And it’could mean that the
operators-managers and the users-consumers will find certain traditional
areas of autonomous, volitional behavior severely constricted.
féchnological applications surely contribute to the enjoyment of life,
i.e., recreation, mobility, health services, etc. But it is also apparent

that modern medical technology has helped sustain a growing populatién.s6

55 (continued)
most, if not all, of the next 14 years to change their attitudes

toward the future. Mankind must learn to think in completely
different terms from the ideologies of the past if our civilization
is to survive. In the next 14 years we must change many of our
traditional value systems and execute many basic social and political
reforms. This will not happen automatically. We are going to have
to endure many grave crises before we make up our American and global
minds as to the nature of our problems and challenges and the kinds
of policies we are going to have to pursue. In short, things are
going to have to get worse before they get better, and 1984 may well
be just about the low point, the true nadir, of the history of Western
civilization. (p. 9)
56
Egypt, like developing countries around the world, is undergoing
a runaway population growth as a result of the impact of improved health
care, medicines, vaccines, disinfectants and insecticides in reducing
centuries-long high death rates.

Raymond R. Anderson, "Egypt Turns on Her Internal Enemy: The Birth
Rate," N. Y. Times, Mar. 29, 1970, p. 4, col. 1.
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Our increasing population, while demanding the products and services

provided by modern technology, in turn produces much of the environ-

mental pollution incidental to the use of such technologies. This con—&

sumer pollution is supplemented by the wastes and pollutants of the
in§ustries essential to produce the desired consumer products and serv-
icés. Hence, we are confronted with an ascending spiral of technology,
population, and pollution.57 Might advancing technology itself provide
the means by which we can extricate ourselves from a seemingly hopeless
situation? Waste water can be recycled, purified and reused. An elec-
tric-powered auto could replace the gasoline combustion engine and sub-
stantially abate air pollution. But while‘we may be able po clean up
waste water by purely technological means withoutAcausing serious immed-
iate or long-term side-effects, it is not so clear that an efficient
and econom%cal electric car could replace the internal combustion engine
within a brief time span without serious dislocations in the economy.
The existing institutional structure, including manufacturers, component
suppliers, dealers, fuel and repailr servicing organizations, and related
activities of lénding institutions, insurance companiles, and consumer
grdups can hardly be phased out or drastically restructured over a few
years without serious social costs.

The technoloéy assessment function will ultimately not be judged
from the standpoint of the degree of control imposed on technological

innovation but by the measure of its contribution to the advancement

57
S. Fred Singer, "Calculating the Best Population for U.S.," The
Washington Post, Feb. 22, 1970, p. D4, col. 1.
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of major national goals. The latter, broader standard of performance
of the assessment function clearly encompasses some degree of guidance
or control over society's use of technology. A regularized assessment
function would not likely introduce a serious inhibiting Factor on
research activity or even on applied research to the developmeut stage.
But the assessment function would probably lead to much cl&ger scrutiny
of the likely effects which would be produced by new technologies as
they are moved into the implementation and operational stages. Conceiv~
ably such appraisals could feed‘baqk into the R&D process and diminish
the aggregate level of R&D resouré;s. On the other hand, the assessment
function may have no effect on the level of research and development
activity but rather on the type of R&D undertaken. Much more study and
experience will be needed before such questions can be satisfactorily
answered. But as heretofore stressed, the impact of the assessment
function on the process of technological innovation cannot be viewed
apart from the social contexts in which the application operates or is
to be introduced. These contexts inyoive pecple, their functions,

desires, and associations. Technology assessment must apply models of

how all affected participants will behave in response to the introduction
of an application into a future social environment through the initiationm,

implementation, and operational stages of the new application. Significant

participants will be circumscribed in their own sub-context of other
interacting participants with given functions, objectives, resources and
constraints, and available forum: and decisional arenas in which claims

are asserted for preferred outcomes. Radiating effects are of all kinds,
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The basic lesson which will most likely be driven home by a vigorous
technology assessment function is that the correction of a social dis-
location, or the achievement of a new, significant social objective,
will involve an intricate context of interrelated participants, institu-
tions, processes, and social interests., We know this, supposedly, but
we do not always talk as if we do and we seldom act in accord with this
obvious proposition. For example, we still tend to talk in terms of a
"fix," technologlcal cr otherwise, as 1f there are unlimited potentialities
for one-factor solutions to complex social problems. But as noted, assess-
ment outcomes willkmost likely be translated into social action programs
which will have far-ranging implications, including deprivations, on
numerous entities, population segments, and institutiocnal frameworks --
not solely on the technoiogical system. There may be situations in which
the solution or the alleviation of a serlous social problem will revolve
around a technological innovation or can be érovided by a legal inter-
vention, or by economic manipulations. But most solutions will require

an articulated combination of means.58

58
De Jouvenel seems to agree:

He warns "against a mindless extension of forecasting practices
from narrow technical problems where they may be applied, almost auto-
matically, to more complex social ainidd political realms where there must
be a premium on wisdom and sophisticated insight." :

"Only through profound insight into the political process and
the transformation of ideas can we progress to sound estimates of
social change on a large scale. Thus planning is not for technocrats
but for humanists deeply respectful of the human condition and its
social manifestations."
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The crucial import of the contextual approach to technology assessment
is that the one-factor "fix" for social problem abatement’ or solution should
be approached with some degree of caution. But this is not to dismiss the
notion of the "technological fix." Indeed, 1f a single means appears to
provide an approximate solution to an existing problem or the achievement

of a social objective, then the accompanying economy of effort and sharpness

58 (continued)
Philip C. Ritterbush, reviewing The Art of Conjecture by Bertrand
de Jouvenel, in Bulletin of the Atomic Scientists, November 1967, p. 34.

Those who have undertaken to analyze complex socilal problem areas
recognize the need for the contextual approach:

Resolution of the Florida jetport question with least environmental
cost the study group found required consideration of population

growth and location, protection of water supplies, proper allocation
of resources for agriculture, sound development of public transpor-
tation, insurance of attractive living conditions, and "protection

of . . . unique national resources." The diversity of considerations
necessarily involves a multiplicity of agencies whose decisions
contribute to an environmental effect; this is the governmental lesson
drawn from the case study and addressed in the report.

"An Unusual Study Points to Institutional Complexities in Environmental
Management," News Report of the National Academy of Sciences and the National
Academy of Engineering, February 1970, Vol. XX, No. 2, p. 8.

A total social impact approach has apparently now been taken with
respect to the siting of electric generating plants. See the Report on
Electric Power and the Environment (1970) sponsored by the Office of Science
and Techmology. This Report is discussed in "Land Use: Congress Taki.g
Up Conflict over Power Plants," Science, Nov. 13, 1970, p. 718. It is also
evident that weather modification and control will involve far more than
a "technological fix." See references to the international organizational
aspects of this matter in "The U. N.'s Coming Role: Tnternaticnalizing
Technology," The Wash. Post, Nov. 15, 1970, p. B 6, col. 3.
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of purpose may offer substantial advantages over a more elaborate "socio-
political" process solution. The unique advantage in the "pure" techno-
logical fix is that it solves or minimizes a problem by changing the
environment rather than human behavior. As noted previously, however,
the import of the contextual approach is that some measure of control
over human and organizational behavior must usually be applied along

with other means in dealing with difficult social situations.59

59
Even a specific means (fix) for problem solution or program
implementation may need to be implemented through coordination of a
variety of jurisdictions or agencies having both public sector and
private sector characteristics or components. Murray L. Weidenbaum in
"Toward a Modern Public Sector," The Conference Board Record,
September 1970, Vol. VII, No. 9, p. 17, 21 states:

The Post Office Department and the Railway Express Agency both
deliver parcels; again, one is public and the other private.

The mixed economy that is now developing is different. It is
characterized by mixed organizations, each of which possesses
characteristics of both public institutions and private organiza-
tions. The most obvious examples are the large defense contractors
and the not-for-profit research laboratoriss that do most of their
business with the Federal Government.

The mddern public sector that is developing is hardly something

aloof and entirely separate from the private sector; rather, in its
usual pragmatic fashion, the United States is fashioning policy tools
not for the sake of their intrinsic beauty, but to achieve a growing
variety of difficult and far-reaching national objectives.

It would appear likely that in coming years increasing proportions

of Federal funds will be disbursed via state and local governments,
inter-governmental agencies, government-oriented corporations, quasi-
private institutions, and perhaps even newer organizations possessing
both public and private characteristics. The typical Federal Agency
indeed will probably be a policy formulator and overseer of programs
dealing with operations which have been decentralized in a variety of
ways and over a wide span of the American economy. This will provide
a very considerable strength and resiliency to American institutions
during a period of substantial stress and change.
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Further, the notion of a "fix," technolingical, legal, economic, medical, etc.,
smacks too much of the narrowly focused social process models of the conven—
tional academic disciplines and professions.60 These models tend to be
partial, distorted, and artificial, and are far more suitable to the display
of specializad esoteric professional skills than to adequate social problem
analysis. In this connection Kenneth E. Boulding has stated:

At the basis of the whole general systems enterprise is a

faith, if we might call it that, that the empirical world

is one, and that the division into different disciplines
is more a property of the subculture of science than it is

60
The normal connotation of a "fix" seems inconsistent with the
observable dynamics of the ongoing social process. Donald A. Schon
asserts that: g

The practical .: nseguence of the loss of the stable state is that
we must see any programmatic solution to a problem as a learning
system capable of shifting over time; no solution can be effective
if it carries with It an organlzational, institutional or program-
matic definition pertinent only to the state of affairs at the
time the program was invented.

The principal problem of design 1s the design of learning systems,
or systems able to transform their own behavior over time.

Schon, Donald A., "Implementing Programs of Social and Technological
Change," Technology Review, February 1971, p. 48, 49.

Schou rejects '"once-and-for-all" solutions to social problems and
the mythology that there is a "one-to-one correspondence between the
problem and its solution". Idem at 49. He seems to favor an approach
described as "an incremental system which consists of a set of short-
range solutions, tied to a monitoring of people's behavior in relation
to those solutions. . ." Idem at 51. .

Apparently lawyers and 'politicians' can be just as addicted to the
"quick~fix" approach as technologists. See quote in "Environment Unit
Shifting Emphasis: City Control Board to Put Politics Before Science,"
N. Y. Times, Sept. 27, 1970, p. 64, col. 1.
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a reflection of any properties of the empirical world. One
may perhaps back down a little from that grand statement and
suggest that there are different systems levels, at least in
regard to degree of complexity, within the empirical world,

so that the division of disciplines by systems levels would
not be wholly arbitrary. One might perhaps distinguish feour
or five systems levels c¢f the empirical world -- the physical,
the biological, tle psychological, the social, and if we are
very ambitious, we might add the transcendental. Within each
of these levels the traditional bggndaries between the discip-
lines are rapidly becoming fuzzy. @

61
Kenneth E. Boulding, "General Systems and Interdisciplinary Studies,"
p. 2-3, in Richard F. Ericson, (ed.), Toward Increasing the Social Relevance
of the Contemporary University (Scheduled for 1971 publication). One of a

serles of essays deriving from the 1968-69 Interdisciplinary Systems and
Cybernetics Project, Program of Policy Studies in Science and Technology,
The George Washington University.

The influence on economic thinking is postulated by one observer as
follows:

Economics, as it has been practiced by most economists since the
time of Adam Smith, has had as 1its purlieu the customary arrange-
ments of systems. The systems in question have been the subsystems
of individual business enterprises. Those who paild the piper called
the tune. With some exceptions, economists have assumed that
"whatever 1s, is right,”" to quote William Graham Sumner, who was
quoting Alexander Pope. Ecology, neither so fortunate nor so unfort-
unate as to have patrons, has taken a larger view. The ecologist
studies all imputs and outputs, regardless of who pays for them or
who benefits by them. In the past, the ecological eye has been
focused only on nonhuman economic situations. :The focus is now
changing as ecology engulfs economics.

Logic dictates this engulfment, but logic alone does not determine
history. Power relationships also must be favorable. I think the
power relationships now favor a change. In the past, economics was
to a large extent the handmaiden of business. The vast majority of
economists were either employed directly by businesses, or had jobs
in university departments of economics that were unusually sensitive
to business interests. In recent decades, the steady increase in
the number of economists employed by governmental and quasi-govern-
mental agenciles points toward the day when the tunes played by
economists will be different. A different sector of society is

.
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How then should we evaluate the pétential of the "technological fix" as a
resource-means for achieving ''balanced" social development? The term "fix"
with respect to social problem management suggests a complete or essentially
complete solution by means of a one-factor operatibn, i.e., auto self-
starter to remove the effort and dangers of cranking, telegraph to aveld
delay in long-range communications, incinerator to remove solid wastes
(though it produces air pollution), development of the fusion process to
provide an unlimited, economical supply of electrical energy, development

of a "quiet engine" to remove or substantially abate jet engine noise, ete. 62

f

61 (continued)

paying the piper. Whether this means that economists will enjoy
greater intellectual independence 1s not clear an