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Under the Cover

Cary Hershey and Elizabeth Sachter discuss the meth-
ods of baseline data collection employed by a Cornetl
University technology assessment of new mobile tele-
ions t logies. The use of fieldwork
and survey research in organizations where ante.
cedent technologies are used is suggested as an effi-
cient means, in many cases. to develop bascline data
on newly emerging technologies.
J. Morley English presents a philosophical {rame-
work based on the view of the purpose of mankmd as

Danny A. Lubin’s paper discusses the partiaily
field-tested model (Techcom). which refates national
resources policy actions to the attainment of sucial
goals. In addition, recommendations are made for
Techcom’s implementation as a workable means of
social evolution of public policy actions.

Frederick A. Rossini, Alan L. Porter and Eugene
Zucker attack the problems which arise in T A. due
to the varying forms that a technology can take. and
po(emial implementation in varying cultural and geo-

4 part of the ““grand design™ of the
biological systems such as man are entropy accelera-
tors. this leads to the suggestion that technology
assessment should be made by examining the extent
to which a proposed new technology contributes to
the cosmic purpose of entropy increase. Morley notes
that some entropy-increasing activities which threaten
survival, such as potlution, require adaptive counter
measures. These risks are the true costs which must
be considered and weighted against the new tech-
nology.

George Humphries' article presents a view of the
ISTA Regional Conference held in Ottowa, Canada,
in February 1975. The subject of the conference was
Technology and Growth, a topical subject then and
now.

hical contexts. They propose the concept of mul-
tiple technol which ider these
factors and whlch appear potentially more valid than
the “one-shot’ mode of assessment.

In February 1975, the National Academy of Sci-
ences organized a working conference to explore the
process of government decision-making to regulate

s in the i Edward §. Burger's
paper presents a case study of the decision- mlkmg

process regarding the reg) of polycht
biphenyls.
Philip L. B 's paper, T gy, The Past

and The Future™, gives an overview of forecasting and
social indicators and attempts to put them in a potiti-
cal context.

2 Journal of the International Society for Technology Assessment. Spring 19 76
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President’s Message

Widely celebrated in A as the Bi ial
Year, 1976 aiso marks the end of Technology Assess-
ment's initial decade of development. As such, 1976
offers a good opportunity to evaluate our progress
and our prospects; the Second Intemational Congress
on Technology Assessment to be held in Ann Arbor,
Michigan, in October, will provide the forum for such

.an evaluation.

Progress, at least according to superficial measures,
is undeniable; the concept and the language of tech-
nology assessment have spread through much of the
world; many national governments and international
organizations have become involved in such policy-
oriented analysis. The literature is vast, and still grow-
ing. Universities and other educational institutions
offer courses in technology assessment. More im-
portantly, there is now a respectable corpus of com-
pleted technol ilable in reports
and books, wluch can be evaluated as to the sound-
ness of methodology, the scope of analysis, and the
potential  utility of conclusions and recom-
mendations.

Evaluating the actual impact of technology assess-
ment on decision-making and on public wisdom is
more difficult. For any decisions, it is difficult to

ing in the bureaucratic dough. seeking ways to make
more prescient and sensitive decisions.

Nonetheless, littie progress has been made on some
fronts. There have been few advances in method-
ology, panicularly in techniques of forecastng,

or evaluating those possible impacts that
cannot be translated mw monetary units. Technology
assessment has made little if any contribution to a
theoretical understanding ot the relationship between
technological change and social change. The problems
of translating analytical findings into useful alterna.
tive strategies for policymakers have barely been
touched. The questions of appropriate scope fur us-
sessments — local. regional, national. international -
and the appropriate function and mechanism tor pub-
lic participation, are as puzzling as ever. In shurt. the
epistemological and theoretical underpinnings of
technology assessment are still to be developed: 1t
remains an ad hoc, pragmatic, and atomistic enter-
prise.

The prospects for the immediate future, again
from the standpoint of an observer of the Amencan
Federal Government, are mixed. The National Science
Foundation, which has up to now provided strong
leadership, appears to be drawing back. As the eco-

identify, much less sources, q
and wisdom with any confidence. Further, attitudes
of the public and of the decision-makers have so
clearly shifted in this decade of environmental con-
cern, growing scarcity, political upheavals, intema-
tional violence, and economic instability, that “public
wisdom” is itself difficult to determine.

Yet those who closely observe the decisional and
policy arenas can hardly doubt that technology as-
sessment has had an impact. Here, although I seek
and welcome all information as to what is developing
on the international scene, [ can most usefully speak
from my vantage point in Washington as an observer
of the American Government. The superficial signs of
progress are again plentiful. The words “social impact
analysis and “potential secondary consequences” ap-
pear with increasing frequency in government re-
search solicitations, of agency mi
and even job descriptions. Broader and harder ques-
tions are asked when technological projects and pro-
grams are presented for funding (c.g., the National
Commission on Electronic Funds Transfer). Encour-
agement of innovation is phrased in terms of finding
solutions to national problems. And in every federal
agency at least a few people can be found, like leaven-

nomic si d, the cry in Washington was
for “action n(her than studies” (for demonstrable
results and quick payoff), and for research not vulner-
able to the facile criticism of Congressional critics on
grounds of “questionable” methodology or innova-
tive approuhzs lmerdlsuplinary applled research is
highly v ble to disci which is a
problem when a peer review syslem is used, as at the
NSF. Until the 1960’s the NSF was responsible onlv
for basic, highly disciplinary research which could be
adequately disseminated through scholarly journals:
it has barely begun to develop mechanisms for active-
ly disseminating applied research and policy analysis
to the decision-makers, including the public interest
groups, who are its potential users. Thus, the NSF is
now handicapped in defending its technology assess-
ment products on the ground of demonstrated utiliza-
tion and impact.

The Office of Technology Assessment. which serves
Congress, began its work in the midst of this scep-
tical environment. It has quite reasonably taken a
very cautious approach, hmmng its activity to re-
ponding to req from legislative committees, and
relying Iargely on convenuonal techniques. well-
established research organizations, operating in tradi-
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tional engineering/economic modes of analysis and
narrowly defined subject areas. Thus it has broken no
new ground in developing technology assessment ap-
proaches and techniques and is far from providing the
“early waming system™ for decision-makers which
was originally envisioned for it. But the OTA is grad-
ually but effectively building Congressional ac-
ceptance and confidence, which will ultimately
strengthen technology assessment as a recognized ap-
proach to problem identification and attack.
Fortunately, the conservatism and caution of the
lead ies in have come at a
time when most of the line-agencies of the Government
are at last adopting the idea of technology assess-
ment; thus the opportunity to bring TA techniques to
bear un decision-making is broadenigg rather than
narrowing. Until recently, there was little shared
learning; each new assessment began almost from
ground zero. Now there is a growing body of ex-
pesience, duplicatiun and averlapping, and we can at
last begin to build productively on what has been

tried. TA has survived its infancy and the prospects
for a useful future are bright.

ISTA’s contribution (0 these developments has
been substantial. Through our conferences in Hol-
land, Japan, Canada, and Monaco, and through vur
publications, we have provided a network and mecha-
nism for this shared learning to be communicated and
absorbed. Our annual meeting this October in the
U.S. will provide an opportunity to plan for the
future of TA as a movement and ISTA as an organiza-
tion. It is our hope that ISTA members and their
colleagues in each country are already seeking sup-
port, where needed, from their national governments.
industries. universities, foundations, and other institu.
tions, to attend this meeting. Qur goul is to have as
many decision-makers and TA analysts as possible
present, to actively participate in the many activities
and consultations that are planned. thereby facili-
tating the fruitful sharing of their experience, their
learning, and their problems.

PHILIP D WITMOT

MONS 085022

4 Journal of the International Society for Technology Assessment, Spring 1976



A Fundamental Philosophical Frame of
Reference on Technology Assessment

J. Morley English

Professor of Engineering and Applied Science
University of California, Los Angeles, 405 Hilgard Ave., Los dngeles

Ca. 90024

ABSTRACT

How to make policy decisions to adopt new tech-
nologres that will influence the course of human af-
fairs for a future beyond any time for which our-
comes are predictable is a problem that requires a
new philosophical basis. Conventional methods of dis-
counting and comparing predicted benefit and cost
streams are not satisfactory because benefits are in-
nately long term and uncertain while a large part of
costs are immediate and sure. A new phil
osophical viewpoint is presented for overcominyg
this difficulty. The approach requires that we con-
ceive of man's purpose from a vantage removed from
man's own introspective objectives. In  other
words, the reader is asked to view the purpose
of mankind from the point of view of a grand design
of the universe, into which the species fit just as any
other biological component. From this perspective, it
is observed that biological systems grow and adapt in
such a way that, although neg-entropic within them-
selves, serve to increase the entropic rate of natural
processes. Biological s) are pY 4
This leads o a suggestion that technology assessment
should be made by examining the extent to which a
proposed new 1echnology contributes to this cosmic
purpose of entropy increase. [t must be acknowi-
edged, on the other hand, that the effects of entropic
processes are recognized as pollution, and, as such,
present threats to the survival of the organism. Such
threats require adaptation-counter measures. These
are the true costs, measured as risks, that must be
considered and weighed against the new technology.

Technology assessment (TA) purports to evaluate the
\ong term consequences of decisions to introduce new
technology into society. The emphasis on the “New"
poses one of the principal difficulties in applying con-

ventional economic methods to obtain goud assess
ment results. Normally, new technology it if turns
out (o be viable, may be expected to atfect the world
tor a very long run tuture. In a strict sense. adoption
of a new technotogy iniliates an irreversible process
Correspondingly this would imply the need tor mnin-
ite foresight il’ we are to make accurate assessments
but unforfunately our ability to predict the future in
any detail is extremely restricted. In many cuses. 1f
we are able to look ahead 10 years we ate duing
remarkably well. Yet a new technology often does
not have perceptibie etfects before that time. llow
then can we make technology assessment an efteciive
instrument of policy?

This question indicates the need for a philosoplu-
cal frame of reference against which new technology
may be rationalized so as to obtain positive approvat
tor uadertakings that in the very long run will tit 2
larger purpose of mankind. Unfortunately present
methods may more often lead to a negative bias, This
paper presents a philosophical basis for TA from a
somewhat different and contrary view than is present-
ly conventional. The arguments presented are iilus-
trated by the specitic example arising out of the pos-
sible impact on the earth's climate as a result of stra-
tospheric flight by supersonic aircraft.

A new technology often will take 3 signiticantly
long time to develop before its introduction into ser-
vice will start to influence the environment. Follow-
ing its introduction, it then takes a further long time
before the system can grow to significant size to re-
veal any ettects. If, then, the recognized and measur-
able effects arising out of implementation of the new
technology are deemed to be adverse, the actions that
world societies may take to reverse undesirable
trends, already set in motion, will require a compar-
ably long time again. Many effects that may. in the
end, prove to be the most important might not be
recognized for hundreds of years
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We are turced Lo recognize the fuct that man's
ability 1o project the tuture is extremely limited.
There are a tew thungs he can turecast with virtual
certainty, such as the movements of planets i the
solar system, but even within this essentialy fixed
physical reference system, ability to predict how such
things us world climate will change, ¢ven without in-
Nueswee by man. is extremely imprecise. There is in-
variably considerable doubt about long-term under-
lying environmental trends. For example: s the
world currently v a warming or covling trend?

Clearly even the problem of population prediction,
which is a fundumental variable in projecung vverall
cconamic activity of the world, is fraught with enor-
wous sociological and political uncertainties. [Histon-
vil populstion predictions have generally nussed the
mark by wide variations even tor relatively short run
forecasts.' Thus when one attemipts to predict a
single component of the economy that is dependent
on some new technology for which there has been no
experience, the vartation ot the predicted outcome
trom reality as it unfolds, will be very large indeed.

Frequently it may be desirable to make predic-
tions based on upper- and lower-bound situations, If
future envi ts can be bounded, policy deci
may be predicated, at least in part, on “worst case”
conditions. However, even here the fuzziness of the
worst-case prediction does not lead to an excess of
confidence. No wonder then that forecasts of future
environments are limited to small extrapolations of
past trends.

This ditficulty suggests that rather than start with
a forecast of the system being considered, it may be
much easier to extrapolate the broader general eco-
nomic environment than it is the more specitic new

hnology. Having plished the former, the new
technotogy may then be predicted by relating it to
the future econumic environmment in some piausible
way.? Nevertheless one should have no illusion that
the world of, say, 50 years hence will be anything
approaching the projected description either of the
economic environment or of the system which is
embedded in it. While the analyst may consider a very
long nme. such as 50 years, even that may be all too
short for making much of a judgment of the impacts
of many new technologies.

This may seem to pose an impossible situation for
making any rational decision to do anything. It clear-
ly establishes an atomsphere in which emotional
biases come to the fore as crystallized views which are
ulten based on pseudo-rationales. These views lead to
strongly bissed opinions on what should, or should
not, be done. For example, should an SST be per-

' Page, W.. Population forecasting: in Cole, H.S.D. (ed)
Models of doom: A crilique of the limits of growth (Univesse
Books. New York 1973),

! English, J.M.: Economic concepts to disturb the engineer.
Engin. Econ. /91 3 (1974).

mitted to tly? Depending only i the nint specula
tive futures. equally stronyg arguments can be pro-
sented on either side of such an ssue. An SST 4
economically viable because of A, or an SST 1s eco
nomically unsound because of B. where netther \ aor
B is a very probuble cundition. Nevertheless, we ul
ways do have to make some chowce ubout present
actions. low do we do so? What 15 g rationdl pro-
cedure tor choice when ultimate outcomes must re.
main nut only undetinable but even uaknuwabie® |
submit that the answer to this guestion must be
sought within some frame of reterence complately
eogenvus to the purticuiar system bemg considered
It 15 suggested that tlus answes may be tound by won-
sidening the purpose of man himsel ).

A HYPOTHESIS OF
THE PURPOSE OF MAN

Down through the ages, man’s behavior s been ox-
plained in relationship to some divine purpose. In
geoeral. this was transtated wito 3 very personal set or
goals related to a highly personalized God. Mudern
philosophy, in downgrading the importance ot 3
Deity for explaining normative behavior. sull tends 10
fucus on personalized motives. Human actions are ex-
plained by what objectives are deented to be Jesirable
tfrom either individual, or in some cases collecuve
points-of-view. These objectives ure related lirgely to
what is perceived from the pownt of view ul the ind:-
vidual in relation to his own well being. Likewise.
collectively, we are inclined to view mankind trom
our traditional introspective view of man's purpuse

The same basic premise underlies econoynic theory
which has been structured on the principie ol maxi-
mization of the consumer's utility. While the eco-
nomist is concerned with production functions, the
motivation tor production is centered in the driving
force of a consumption need. A somewhat different
view has been suggested by Galbraith® who contends
that consumption motives are stimulated by the -
dustrial complex in order antiticially to expand
production activities. Also from a sull ditferent view
the author* suggests that the driving incentives. wiule
explained in part by consumption needs, are largely
centered in a need for production activity.

Because of the motivation arising trom withun
man’s perceived needs, the economist has largely
focused on the mechanism of allocation of resources
to consumers. In this context the market has served
admisably, through pricing as an indexing mechamsm.
to accomplish this purpose. However, the market
mechanism starts {rom a aucro ¢caaomic view. Macra
ineasures can only be obtained through some device
* Gajpraith, K.: Economics and the pubiic purpose (Hough-

ton-Mifflin, Boston 1973).
4 English. op. cir.
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ol aggreguting. Furthermore. the market 1s a present-
time device. It dues not accommodate the future ex-
cept to the limited extent that contracts tor tuture
deliveries enter present markets. The long-term future
raises endless philosophical debates about inter-gener.
ational values. In essence, how should allocations be
made today for values to be realized by those yet
unborn and whose vote n the market can not be
recorded? flowever, it is these very long lerm value
problems that are at the root of TA. To solve this. it
15 suggested that a larger purpose of man must be
examined. This larger purpose may only be consider-
ed it one is willing to view, trom 1 perspective vutside
ol man. the economic actions of men. In other words,
we must question iman’s purpese from a cosmic
stance and not rom the personalized objective of in-
dividual men.

It we depersonalize our perspective of man and
consider him as just another biological species. then
wieresting implications may be developed. It is not
necessary to answer the question: Why does man be-
have i his economic interactions as he does? Neither
is 1t essential to identify a unique Deity to explain
men's actions: although this might be a more com-
tortable view for many. We can sinply base our views
on the universe as we have known it to be throughout
time and on a reasonable expectation of its con-
stancy, We might consider the physical world, or un-
werse, in which we live as an overall design into which
man fits as just another small biological component.
This system ‘may then be examined in terms of our
concepts ol natural phenomena,

Perhaps the most interesting concept for explain-
ing the physical universe is that of entropy. Entropy
1s a measure of disorder or randomness of physical
systems. lts original definition by R. Clausius, in
1867% and its use in thermodynamics and thermo-
statics was used as a measure of unavailable energy. It
was much lates that Witlard Gibbs demonstrated that
the macro measure of entropy (an increment of heat
divided by termperature) could be explained by the
statistical distribution of the motion of molecules in a
gas. Subsequently Shannon® used the same concept
in developing information theory. [n all cases the
fundamental concept can be shown to be the same.
For vur purpose the general concept of entropy may
be taken as a measure of disorganization and its oppo-
site. neg-entropy, as 3 measure of organization. The
concept as used for explanation of energy may be

! Clausius, R.. The mechanical theory of hea: transiated by
Hirst, T.A. (Van Voorst, Londen 1967). And for a good
descoption of entropy, see Tribus M.: Thermostatistics and
thermodynamics (D. Vaa Nostrand, Co.. Inc., Ptinceton
1981),

* Shannon, C.: A theory of

\Unrversity of illinois Press, Urbana 1948).
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generalized to include the disorganization of mater-
ials.

For example, copper is available m a sumewhat
conceatrated torm as ore to be mined. By provessing
it into metal tts entropy is decreased. By consuming tt
in products that end up in waste eventually, its en-
tropy 1s increased to the point that its entropy s
higher in the end than it was at the start or the pro-
cess. The production process was entropy decreasing
and the consumption process was entropy ncreasing,
In the complete cycle operated by man. copper went
from high entropy to low entropy and buck to 4 bugh-
er entropy than at the vutset.

A universal principle is that within any closed sys.
tem. entropy tends to lciease, ANy one sub-syvsiem
may exhibit a decrease in entropy hut only at the
expense of an even greater (ncredase 1n the entrupy ol
its environment,

Living organisims are haghly organized systems that
have come into being accompanied by u reduction ot
entropy. Indeed this neg-entropic nature of binlugical
systems may be a fundamental charactenstic ot lite.”
This amazing phenomenon is not only associated with
the individual living organism, but perhaps even more
significantly, the species as an vrganism in its own
right. Man in particular, as the highest order of lite
system, exhibits continued evolution by an advancing
social organization that has mobilized the spectalized
productive capabilities ol individuals. Man. of course,
not only conforms to the principle as charactenzed
by his physical activity, but even more, 1s representa.
tive of a collective coordinated intelligence.®

A funther interesting phenomenan of life systems
is that a living organism, coupled with its entropic
environmental system, serves to increase the rate ol
the overall entropic process. In other words a biologi-
cal system is, innately, an entropy accelerator. When-
ever 4 biological system tails over some extended time
to maintain this role as an entropy accelerator. it may
no longer be fullilling its essential cosmic purpose
and, accordingly, may be expected to die. At the
same tume the changing environmeat that the vrgan-
ism creates for itsell’ by this entropy process. poses
threats to its existence from another direction. It may
not lind the higher entropy environment compatible
to its continued survival. In eftect. the changed envir-
onment has been polfuted. In this sense pollution
may be detined as a change to the environment in 4
way that is unfavoruble to the organism. It nuay well
be that we regard pollution as something that is also
unfavorable for the chances of survival to vther life

’ Lotka, AJ.: Natral selection as a physicai principle. Proc
ad, Sc. VIIT (1922).

de Chardin, T.: The phenomenon of man (Harper and Row.
London 1959).
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forms. However, if such threats 1o others are not
really also perceived to threaten us in the end we are
not likely 1o view the environmental effect as pol-
lution. Survival of a dynamic organism depends on its
adaptation to constantly changing environmental
challenges. Thus a course must be charted between
the Charybdis of too fast a change that produces new
threats faster than our adaptability can tolerate and
the Scylla of non-change that violates vur essential
entropic puipose. By increasing the entropy of the
physical environment, man is necessarily increasing
the environmental challenge to which he must adapt.
His consumption patterns ate entropic processes for
which pollution 1s the manifestation of the corres-
ponding environmental challenge. On the other hand
inaction from fear of pollution-effects may induce
economic stagnation, lack of challenge, and eventual
decline into depression and despair. The notion
presented here is compatible with Arnold Toynbee's
theory® of the history of civilization. Toynbee argues
that civilizations have flourished only when chal-
lenged within rather narrow limits. Too severe a chal-
lenge, on the one hand, will arrest its development
evep with heroic effort on the part of the people to
adapt. The Eskimos are an example of such an arrest-
ed civilization. Too bland a challenge on the other
hand will be lacking in the essential stimulus for
growth and development. The South Sea island
peoples are examples of these.

ENERGY AND
MATERIALS CONSUMPTION

The economic processes of production and consump-
tion have been shown by Georgescu-Roegen'® to be
fundamentally entropic. In fact, Georgescu-Roegen
argues for a view of economics starting from this es-
sential entropic principle rather than from the mech-
anistic concepts on which economic theory has so far
been largely based.'' The economic organization of
society requires that the neg-entropic processes of
p ion in order to ption or en-
(ropy-increasing processes of, in other words, in order
to transtorm low-entropy material sources into high
entcopy sinks, Material resources are finite and fim.
ited to the earth, whereas encrgy resources are es-

* Toynbee, A.J.: A study of history (Oxford University
Press, London 1934-.1939).

'® Georgescu-Roegen, N.: The entropy law and économic
ptocesses (Harvard University Press, Cambridge 1971().

' Georgescu-Roegen i Daly's Toward a Sieady State Eco-
nomy (W. M. Freeman & Co., San Francisco, 1973), draws
from 1hit the exactly opposita conclusion from that pre.
sented in (his paper. He contends that because of scarce or
limited low-entropy sources of natursl resources, including
eunergy, that we shoul@ work to conserve them. His argument
may be valid if viewsd from the efficiency perspective dis-
cussed later.

sentially infinite if considered trom nwn's dine
perspective. We can perceive the reducing supplies .1
oil, copper, etc.. but the energy of the sun 15 essential-
ly constant. Furthennore, the process uf decreasig
the entropy ol the earth’'s material resources, to ur-
ganize them into more uselul forms for man’s use. re-
quires ever increasing consumption of energy.

This inplies that the catio of the rate of entropy-
increase of materials, may also have to increase. In
other words, the trend of energy intensiveness ot
human activity must continue to grow. Whatever the
damage to our environment from pollution. implied
by this dictum, we must learn to manage 1t - that is.
to adapt 10 it. There may be no other choice except
possibly to gamble on human survival by somehow
maintaining economic growth just at the murgin ot
viability, a boundary that is probably unknowable
and may court a risk of disaster by skirting a non-
change course.

THE CONCEPT OF EFFICIENCY

Efficiency is defined as a ratio of desired output to
input. The important word here 1s desired. All of the
energy input into any man-directed system i3 eventu.
ally dissipated into the background entropy of the
earth and thereby becomes unavailable. What 1s -
portant to man in the transformation is a purely
intermediate and transitory etfect that he considers
to be useful work that he wanted along the way. The
automobile will divide the energy used by the car
Detween the wasre dissipated by the radiator and the
useful work of moving the car. From this point of
view the efficiency is the ratio between the usetul
component that goes into moving the car and the
total energy that was available in the organized mo.
lecular arrangement of the hydrocarbons ot the gus-
oline in the first place. The difference between these
energies is lost immediately in the heat dissipated by
the radiator. However, from a larger perspective. both
the useful work and the immediately dissipated heat,
in the end. fade into the background entropy level of
the earth. Thus, efficiency is a truly local. of mucto,
concept associated with a choice of means for ac-
complishing some transitory individualized objective
as an intermediate effect.

In each such intermediate stage the striving tor
improved efticiency is desirable. However, this does
not alter the more fundamental problem of increasing
the overall consumption of energy. A man’s choice
between using more energy to drive his car or to heat
his home represents a problem in allocation, not in
efficiency. Price, as an economic mechanism, handles
such allocation, but, whatever the choice is, the
mactro-cconomic system has the effect and 1 would
say the purpose of making even more resources avail-
able for allocation.
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TRANSPORTATION ENERGY

An important intermediate means of energy con-
sumption is transportation. accounting for 26% of all
encigy-consumption in the US. in 1968.'* Of
course. from an efficiency viewpoint, we might wish
to use as little energy as possible to transport one
person one mile, or one (on of goods one mile. but in
the overall macro-purpose of man's need to consume
more. this personalized objective may be relatively
untmportant.

Compared with the macro-purpose of using more
cnergy. the trend of per capita energy use for trans-
portation in the U.S. has increased steadily. This
trend started out in the mechanical age with the rail-
road locomotive and steamship. The train gave way to
the automobile and bus that, in turn, have been yield-
ing 1o the much higher energy-intensive airplane.

It is interesting to note the relationship of efficien-
¢y in this process. While a transition occurs from one
mode of transportation to the next more energy-
ntensive one, the effect of striving for efficiency
produced corresponding reductions in the intensity of
energy consumption.

It is also of note that as efficiency objectives
reduce the potential energy intensiveness of any
mode. the actual use of that mode is increased in a
way to compensate for the efficiency gains. Thus, as
the potential for energy intensiveness of the airplane
has declined — measured by BTU/seal mile — the load
factor representing a utilization ratio likewise de-
clined. The automobile is another good example. As
efliciency imptoved, the mass of metal moved with
each person grew to more than offset the efficiency
etfect. Tis mught lead to a suspicion that the present
trend to small cars is a temporary aberration.

Little energy is used for space propulsion, but
whet vne considers the possibility for further expan-
sion, the space transportation component may
eventually become quite significant. It certainly of-
fers an outstanding opportunity for enormous ex-
punsion of our consumption of energy. At the same
time its potential damage 1o the environment must be
1ecugnized.

When one considers the potentials for expanded
consumption of transportation energy, some inter-
esting constraints become immediately apparent. In
e Nrst place, we move from a two-dimensional
world constrained by physical boundaries of linear
networks 1o a virtually unconstrained three-dimen-
sional space. This means that the potential for expan-
sion by rising above the earth’s surface is a function
of cube to square. Furthermore, the greatest propor-

T Lisher, ) Energy crises in perspective (John Wiley and
Suns, New York 1974).
' Lnher, 0p. ctr

tion of travel now is urban. The possibility for expan.
sion of urban transportation energy intensities are
limited. The annoyances and inconveniences associ-
ated with moving about in the private car have been
increasing to the point where now people have been
forced reluctantly to reconsider the desirability ot
mass rapid lransit systems that are innately less
energy intensive, Whether or not ways wil be found
to devise other urban transpost systews. such as
people-movers, remains to be seen. In any event new
urban systems may be less energy intensive rather
than more energy intensive. Furthermore, private
autuinobiles are not likely to grow larger, if fur no
other reason than the problem of limited space in the
city in which to fit them. The networks on which the
automobile moves, are approaching saturation. By
means of various new technologies. density of traflic
may still be inceeased, but uadet even the most
optimistic conditions, this will be a small factor
change and not an order of magnitude change.

Ocean (reight transport is also linuted by its tlat
topography. Higher speeds. using surface-effects
devices, may account for a tremendous increase m
energy intensity. However, there may be a break-even
point for surface-effects machines beyond which 1t
will pay to leave the surface and fly.

Thus virtually teaves the field open to air transpart
for intensifying energy use, at least until such time as
space travel begins to supplant air transport in iis
turn. But space travel. as a commonplace, mav be
part of a future we cannot visualize as yet. lu the
meantime, the only effective way lor increasing
energy intensities in air transport is by speed - super-
sonic and hypersonic aircraft.

The proportion of total energy devoted to trans-
portation could decrease in the future. relative 1o
energy-use for other things, but from the point of
view of efficiency, the amount of energy used
directly in many other applications is likely to de-
cline. Perhaps the best example is in space heating or
cooling: as better methods of insulation are developed
the energy demand will decline.'* On the other hand,
industrial needs will grow because of two things:
1) Our needs for materials as part of our consumption
growth will expand; and 1) As we exploit our low
entropy sources of materials, we are forced to seek
even higher entropy sources all the time. This latter
requirement, in turn, has two aspects. The newer sub-
stitute materials require more energy (o transform
them for use (e.g., titanjum to replace aluminum) and
secondly, we have heen using up our higher grade ores
and are increasingly forced to resort (o lower grades.
requiring even greater units of cncrgy to reduce the
ores to finished metals.

While it inay be difficult 1o assess how the growth
of energy-use will divide in the long-run future be-
tween transportation and all other needs, based on
the principle of insufficient reason. it may be reason-
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able 1o assume the split will remain essentially un-
changed for a very fong time to come.

THE CONCEPT OF COST

Cost may be viewed as disbenefit. Onc may be ex-
pected to accept any cost as long as the expected
benelit marginally excceds the expected disbenefit.
However, this is un individualized rather than an ag-
gregate concept. It is a perfectly legitimate exercise to
add individualized costs arising from a choice of soc-
ial action in order to assess a total or social cost that
may then be compared with a cor ding social
benelit provided that two things hold true: 1) Con-
sideration of the total cost is being addressed as some-
thing 1o be minimized, given no change in total ben-
efit; and 2) Prices are not affected by the proposed
change In the system. The latter condition holds
reasonably true for an individual or even quite large
collectives of individuals in present times, but at some
level of aggregation and certainly for an unknown
future it does not apply. For both conditions, this
concept of cost derives from the individualized or
introspective viewpoint. It does not fit into the
framework of an externalized view of mankind and
his entropic purposes in the cosmos. While it may be
an acceplable way of assessing a partial cost of a new
technology, such as stratospheric flight in a short run
of 25 years, it does not afford a satisfactory long-run
measure. 1t may be best, and perhaps the only thing
we can do in the short run. However, it shoutd be
observed that present methods of benefit-cost analy-
sis would most likely result in assessing a net cost to
any change, be it good or bad in the long run, The
reason lies in the problem of prediction. Our ability
to assess costs is limited by our ability to predict
future demands as well as supplies. As pointed out
above, under the most favorable circumstances we
can only look a few years ahead. At some point the
variances of our estimates become so large that we
cannot differentiate between a net benefit or net dis-
benefit. At the same time, this net difference will be
far more significant than the shorter range costs or
benefits. For example, in considering stratospheric
flight, the short--ange effects of change will always be
revealed as net costs. Therefore, any change at all will
show an assessable cost which we will never be able (o
judge in conventional ways against the unknown
future. This alone might suggest that we should look
for a better way to arrive at a decision to adopt a
proposcd new technology.

In order to consider cost in the long run, we are
forced to start with a macro or societal view rather
than the individualistic view of cost. Here the
measure of GNP with its acknowtedged shortcoming **
may still be the best measure. In effect, GNP is a
proxy easure of the economic organizational out-

puts and, as such, may be taken as a measure of the
societal entropy output. From this perspective. any
activity that increases GNP may be good provided
only that it does not induce instabilitics that may
threaten long-run growth of GNP. However, this at
ways runs into two dilemmas. One is that inuch activ-
ity that is economic in nature, is simply not measured
in GNP (such as the work of the housewife), The
other is that some things measured in GNP are costs
of acknowledged disservices. For example, more
crime would increase GNP but while more crime does
satisfy the need to increase entropy, its undesirable
feature is that of a societal inetficiency and, at the
same time, it is destabilizing. In other words, we de-
cry crime not because it increases entropy, but be-
cause of the way in which it increases entropy: it
represents a threat to the viability of the social order.

Turning again to the question of flight in the
stratosphere, we may examine this technology from a
macro viewpoint. Clearly, the potential of strato-
spheric flitht for increasing the rate of entropy
growth is ..anifest and, in fact, it may be the only
practical way for the transportation component of
energy consumption to expand significantly. On the
othes hand, it must be acknowledged that like all
other entropy-expanding systcms, supersonic flight
may, by increasing pollution faster than we can
adapt, present tou great an environmental threat.

These are the horns of the dilemma: We do not
expand transportation into the stratosphere with
supersonic aircraft and so perish because we fail to
meet our cosmic purpose of entropy-expansion or we
do expand into the stratosphere without being able to
cope with the induced pollution effects and perish
because of the hostile environment we have created. |
would suggest the first choice with confidence that
we can adapt, simply on the principle of not bucking
the established trend of adap over countless
centuries,

The costs of stratospheric Rlight in the context of
this philosopliy. then, are not money costs, but rather
risks expressed as probabilities of survival resulting
from an inability to adapt. If we were to try to place
such costs on a monetary scale, the only way the risks
would then be acceptable is essentially on the basis of
the same choice faced by any individual. Insofar as
there is a marginal net benefit associated with an
action, from the individual's viewpoiat, it is worth-
while for him to take that action. Likewise from a
societal viewpoint, if the GNP increases incrementally
as a result of stratospheric flight over what it woutd
do without stiatospheric flight, then the answer is 10
fly in the stratosphere. The diseconomies net out
to be 1he risks of a non-reversibie change in trend

* Ralph )'Arge, fconomic and Socisi Measures of Biologic
and Climatic Change, Monograph VI, U. S, Department of
Transportation (Review Draft), U. S. Government Printing
Office, Washington, D. C., 1974,
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which are costs — associated with spending on mon-
itoring- and control-measures — that are 2lso GNP in-
creasing (as, for example, police protection in the
analogous counter example of crime). In other words,
the costs ate the cantrol of the pollution effects.

tn conclusion, it must be pointed out that such an
argument in favor of the stratospheric flight example
has not encompassed alternative ways for increasing
GNP. This becomes a matter of overall economic ef-
ficiency. There may be better ways to direct our
resources for increasing the rate of the entropic pro-
cess but these must be not only economically demon-
strable but also politically acceptable. Whether these
better ways will permit a marked change in the
energy intensity of transportation, relative to other
economic activity, is an open question.

The principle developed in this paper is that we
must adopt new technologies that, in one way or
another, serve to fulfill man's purpose as an entropy
accelerator. The approach does not serve to answer
the question as to which of a nsumber of ways is best.

For example, the development of an SST may not
represent the best allocation of limited und scarce
resources but, we cannot make that decision simply
by comparing the custs and benefits of an SST only
in the context of its environmental impact. We must
go further and examine what the effects might be
by allocating those resources instead, into expanding
some other technology (for example, increased auto-
mobile travel) to a comparable energy intensity of the
SST. The important point is the inexorable need to
expand must be recognized and if we don't exploit
one technology we must find another.

{n conclusion, it must also be pointed out that the
paper does not address the question of an optimal
rate of expansion. It certainly is likely that some
moderate rate may prove to be better than the rate of
development we have witnessed in this century. We
may well discover that we can fulfill our destiny as
agents of the entropic process at a more relaxed pace
than what we have been maintaining. This remains to
be seen.
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Technology and Growth:

An Exploratory Dialogue on
Technology Assessments and Limits to Growth

An ISTA Sponsored Regional Conference

George E. Humphries

In February 1975, one of the most successtul
ISTA Regional Conferences was held in Ottawa. The
subject ol the conterence was Technology and
Growth, a topical subject then and now. Although
1eported on brietly in the TA Journal's sister publica-
tion. TA Update, the nature, subject and success of
the conterence warrant fuller exposition. Thus article
attempts to give that expanded view.

Sponsored juintly by {STA and the Canadian
Government, the conference was organized and run
by the Business Planming Group of the Bell Telephone
Company of Canada. and a consulting firm. Dalacap
Linnted, of Ottawa,

ISTA provided guidance on program and speukers
through [nmediate Past President  Waiter Hahn,
Chairman for International Meetings Derek Medord.
and Chairman for Corporate Affairs Larry Day. Larry
Day, as Mead of Bell Canada’s Business Planning
Group, also spoke for one of the Organizers, and
acted as Co-Chairman of the Conference. Peter
Chursley acted for the other organizing group.
Datacap Lid., and was the other Co-Chairman.

The sub-title of the Contference tells the general
purpose of the meetng “{to provide] An Explor-
atory Dialogue on Technology Assessment and the
Limits of Growth™: As the Conference brochure put
i

Technology assessment has been defined as the
search for unanticipated secondary conse-
quences of proposed technologies, the identifi-
cation of affected parties, evaluation of the
social and environmental impacts, and the con-
sideration of feasible technologival alternatives.

World wide support for the broadening of
technology assessment comes at 3 critical time
when the human race is neither master nor slave
of technology, and we are faced with increasing
pressures of population growth, voracious
demands for, and possible despoliation of, ter-
restrial reserves of natural resources, instab-
ilities in social. ecological and economic envi-
ronments, and increasing dependence on tech-
nology.

Journal of the Inicrnational Socicly Jor Technoloey Assessment. Sprine 1Y Th0ISTA

The purpose of this conference 15 to provule
a forum in which to explore the problems and
prospects ot technology, resources. institutions
and social objectives. A secondary purpuse s 1,
stunulate communications among a wide du-
dience of practitioners and observers un maior
issues of the next two decades.

In addition to this briel statement of purpise.
Conference Background Paper (by Co-Chairman Perer
Charslev) was lurmshed 1o each remistrant. The paper
is an excellent summanzation ol the nnportant issises
facing Technology and Growth m general and tor
which the Conference was coavened w desl wrih i
particular.

The Conference was held n Ottawa, the capital o
Cunada. at the request uf one of the Sponsars (1he
Canadian Government) in order to attract av mim
Canadian Government personnel as possible  \s 4
result 1t was possible for several Members o the
Canadian Parliament to attend specitic sessions of the
Conference.

The meeung was held in the Government Confer.
ence Centre, 2 mamouth hall that was. in umes pust
the main concourse of the Ottawa railroad station.
The hall was quite adequate. however. inasmuch as
simultaneous translation was given in French-English,
and the only sound systent availuble was through ear
phones.

French-English tianslation was necessary bhecause
of the bilingual politics of Canada, however oniv the
Keynote Speaker {Canadian Minister of Science and
Technology. the Hon. C. M. Drury) used French m
his remarks, and this was limited to token pursgraphs
mterspersed throughout hus presentation

1he format sessions ol the Conlerence were trum »
a.m, until 5 p.m. on each of the (wo scheduled days.
however there were usetul meetings among planners
panelists and speakers. and others on the Ju
preceeding, as well as late into the evening vn 4l
three days.

Of particular interest was a voluntary. or «elt-
organiced session held (tom seven unul 11 pan. vn

Internanonal Socteny
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the subject of social impact analysis, policy capturing,
and public particpation in general. This “rump
session’” was triggered by a regular presentation, given
by Marvin Cetron of Forecasting taternational about
which there is more discussion later. This extra
sestion, huwever was exiremely uselui to the 45
people who attended und participated, in that it
broadened their perceptions of TA and its method-
ologies, und deepened their understanding of the
goals and imitations of the art of TA.

The Conference was attended by approximately
400 peopie, all but a few of whom were regular
paymg participants. This number could weil have
been larger had the size of the hall permitted - there
were only 400 chairs and thus the organizers were
careful aboul exceeding the physical capacity of the
hall.

An overwhelming percentage of the people attend-
ing was from the Canadian government: 36% (includ-
g provincial g . 45%), Canadian corpora-
uons:  24%: U.S. Corperations: 12%; Canadian
Untversities: 9%; U.S. Universities: 6%, and miscel-
laneous others.

The participation of the audience was lively, scep-
fical, sometimes cnitical, often well informed, but
indicated a tack of compt di d ding
of the issues involved in technology, growth and tech-
nology assessient.

The purpose of the conference, of course, was to
miugate these deficiencies, and to every mdication it
succeeded admirably in doing just that.

The conlerence vpened with gracious remarks of
welcome by the Executive Vice President for Opera-
tions of Bell Canada, Mr. J. C. Thackery, by whose
vrgamizational largess Bell Canada’s Business Planning
Group participated in the planning and execution of
the affair.

The principal keynoting remarks were made for
the Government of Canada by the Minister of State
for Science and Technology, the Honorable C. M.
Drury, MP. Billed as a “statement of canterence ob-
jectives and their relevance to national and inter-
nattonal privrities”, Mr. Druty's speech was an excel-
lent and thoughtfui opening barrage in an intellectual
twur de force of both magnitede snd depth.

Mr. Orucy noted the responsibility of science for
the consequences of its acis, cited the systemic and
intesnational, if not global, implications of science
and technology, and commended the nascent tech-
nology of innovation consequence-estimation called
technotogy assessment. The Minister described the
secrecy ol proprietary science and the inevitable lack
of comptete information on which to make decisions.
These limitations, he asserted. are no excuse for
avoiding thoughtful policy decisions.

Mr. Drury decried the uselessness of post mortem
alaysis as a means of forestalling disaster. and he
wished the conferees well in their pursuit of a better

understanding of disaster prevention through tech-
nology assessinent. )

In the first conference session of the mwumng.
Conference Co-Chairman Larry Day wtroduced and
coordinated the colloguy following prepared state-
ments by John McHale. Directur of the Center fur
Integrative Studies at State University ot New Yurk,
Binghamton, and Walter Haha. immediate Past Pre-
sident. und Chairman ot the Board of ISTA.

I his charnung Glascovian accent. and tus best
pedantic manner, Professor Mchale held forth on the
generul theme (rom Porgy and Bess. "1t 't Neces.
saeily So”, of 55 the Program summarized it, "\ dis-
cussion of the fallacies of extrapolation and the need
for mure thorough conceptual reorientation in reta-
tion to present prohlems and future alternatives’.
which, upon close semantic analysis. is a very near
approximation of the content of McHale's provo-
catively aphoristic  distan for the predictions of
others which his assertions disparaged. This presenta-
tion, as did lis more substantive vne later n the pro-
gram, evoked considerable adverse audience response
Since controversy was McHale's apparent intenuon.
he evidenced delight in the mental combat. and
demonstrated his prowess in an extremely dry intel-
lectual appreciation of the art of Steven Potter.

Walter Hahn. a Senior Specialist in the Science and
Technology Division of the Congresstonal Research
Service of the Library of Cougress, as well as an IST A
director, reviewed the history of TA and recounted
the several sets of definitions and tabulations
unresolved issues applicable to the evolving tech-
nology of providing dats (or policy {ormulation. In
the best Congressional Research Service tashion.
Hahn's presentation was the antithesis of McHale's
vocal provocations, wn that it presented i an even
handed manner all of she yet unresolved issues of
technology assessment and wished the Conference
well in their discussion of them.

{n the second morning session, Professor Juhn
Woods, Chairman of the Department of Political
Science of the University of Calgary Chaired a session
on the International Imperatives of Technulogy. Of
particular interest, among several stellar presenta.
tions, was ISTA Chairman for International Meetngs.
Dereck Medford’s. comprehensive review of what in-
ternational vrganizations such as the UN, OECD,
EEC, Euroceans and the EVAF, are doing m the way
of TA and reiated subjects.

Other sessions in the two day conference included
the following subjects: Cuses in Technology Assess:
ment, Sucial Values und the Politics of Techmcal
Change, Energy, The Institutional Condition, and
Technology and Growth. A full review of each of
these sessions is impossible, however some random
impressions should provide the reader with a teel of
the confercnce, and encourage him to obtan 3 copy
of the Proceedings which are 1 press.
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The session on Energy, while a little uneven, was
of course very timely. Aad the presentation by
Amory Lovins of the Friends of the Earth was a
mastertul cotlection of ironies concerned with power
generstion and the environment.

Harold Linstone presented 2 very concise and
vogent discussion of his theory of discounting the
future. He pustulates and then demonstrates the
human tendency to devote less attenton and re-
soutces (0 unpending crises as a function of time,
segardiess of theu magnitude, importance or cer-
tnty. And he insists that knowing this proclivaly,
planners should compensate for it.

tarotd Green of the George Washington University
Luw Schoul reviewed the mevitability of adversarial
proceedings  when values conflict and laws are
applied.

Joe Coates, Assistant 10 the Director of the Con-
gressional Office of Technology Assessment, ulter
ussessing the (in)adequacy of the hall for the intended
purpuse of the meeting, wetl described the existing
mstiutional arcangements for TA in the U.S. govern.
ment.

One of the best descriptions of an actual techno-
togy assessment conducted for Bell Canada was given
by Larry Day.

Oue of the most inciting presentations of the Con-
{erence was made under the heading of Social Values
and the Politics of Technical Change. Chaired by Joel
Guldhar, a Program Maaager in the Office of Science
Information Service of the National Science Founda-
tion. this session isted of a comp des-
cription by Marvin Cetron of how sacial forecasting is

end of the first day, the controversial exchange was
continued atter dinner and well into the rmught. From
a learning standpoint, this was certamly one of the
most profitable events of the conference.

The closing session on Technology and Growth
was chaired by Rodney Dobell and iactuded Derek
Medford, Dennis Meadows of Limuts of Growth fame.
John McHale again ond James R. Bright of the Unie
versity ot Texas at Austin and Director of the [ndus-
trial Management Center.

Although not very well interrelated, these strong
personalities made for a suitably provocauve closing
diatogue with the audience. Meadows was patucularty
good at tielding questions that stemmed from 3 tack
of knowledge of what his book had sard.

In total, the conference was very successiul
Random sampling of attendees indicated that the goal
of raising the awareness and understanding of the
nature and utility of technology assessment was well
accomplished. The issue of the necessity for and
desirability of continued exponential growth was less
well addressed, but it was betier than could
reasonably be expected of a two day conference

As noted above. the Proceedings (including much
of the discussion} will soon be available. and they will
be a valuable addition to the TA literature, 1 is, how-
ever, worth observing that as good as proceedings
may be, there is no substitute for attendance at cun.
ferences,

Technology A (as a ) s bur.
geoning, and one cannot meet the personalities. make
the personal coatacts, carry on the arguments. and
get deep into a social lechnology merely from reading

Py .

done by Forecasting | t, using Sweden as a
precursor to social change in the U.S., followed by a
dialogue with Discussant Professor Murray Tutroff of
the Newark School of Engineering and some heated
colloquy with the audience, Coming as it did at the

the published p: dings of f A book
about circuses lacks (as the ttle of a recent play puts
it) “The Roar of the Greasepaint, the Smell of the
Crowd™.
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Techcom: An Evaluative Model for
Comprehensive Assessment of Public Policy

Danny A. Lubin

Quantitative Planning and Support Control Data Corporation,
Arlington, Virginia

ABSTRACT

This puper presents a comprehensive description and
critique vf what is considered to be a major accom-
plisivment in devising a reliable means for generating
probable social impacts resulting from projected
change. Designed for water resources planning pur-
poses, the Techcom model described below is readily
applicable to other situations in which the interplay
of diverse human values must be taken into account,

INTRODUCTION

The Technical Committee of the Water Resources Re-
search Centers of the Thirteen Western States has for
the past four years been engaged in the development
of a methodology for comprehensive evaluation of
water resources development and use (Techcom) for
the Office ot Water Resources Research, U.S. Depart-
ment of the {nterior. The final report of the Techni-
cal Committee. released on 31 December 1974
describes a partially field-tested model which relates
natural resources policy actions to the attainment of
social goals, The basic structure of the model is both
flexible and modular and has the potential of pro-
viding an evaluative framework for the comprehensive
assessment of public policy actions in general.

This paper presents a brief description of the Tech.
com system with dations for its impl

' The Technical C ittee of the Water Research
Centars of the Thirteen Western States, 1974: Water re.

tation as a workable process for comprehensive soctal
evaluation of public poticy actions.

THE ASSESSMENT STRUCTURE

The Techcom Model consists of a hierarchical array of
clements cailed (social) goals, subgoals. social indi-
cators and action (or decision) variables. The goals
and subgoals are derived through a group consensus
approach (e.g. Delphi, surveys) and are specitied in
words, The actual process of selecting a primary goul-
set is arbitrary: however, the approach taken needs to
be comprehensive in the sense uf capturing the aspira-
tions, needs and desires of contemporary Amencan
society.

The procedure adopted by the Technical Commit-
tee in field-testing the model. relied on a synthesis o
public and “elitist” inputs. An initial set of primary
goals was established by a panel of experts. and con-
sisted of

Collective Security

Environmental Security

Individual Secusity

Economic Opportunity

Cultural and Community Opportunity
Aesthetic Opportunity

Recreational Opportunity

Individual Freedom and Variety
Educational Opportunity.

o I S P

Each primary goal was then disaggregatedintoatin-
ite number ol word stated subgoals. This stage of the
Techcom development process was facilitated by a

sources planning, socisl goals, and i
development and empirical test. Prepared by the Office of
Water Utah Water L Y
Publication PRWG 131 ~t, Utah University, Logan, Utah,

lexicographic analysis, i.e. content analysis of inter-
views with public representatives. Additional levels ot
subgoals were utilized to add definition to immediate.
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ly superior subgoals. This definitional process yielded
a tree-like goal structure illustrated in Figure 1.

At the lowest end of the hierarchy one finds quan-
tifiable properties which cullectively describe condi-
tions relevant to the achievement of a subgoal. These
variables are referred to as social indicators. For ex-
ample, the Technical Committee describes (defines)
subgoal 414 “s1ability of the economy' as some com-
bination of the following set of social indicators:

414 (1) growth rate of per capita income
(2) rate of inflation
(3) unemployment
(4) business failures as a percent of total busi-
nesses.

The first digit of each subgoal index number refers
to the primary goal. each successive digit indicates the
subgoal number; the level of the hierarchical echelon
is indicated by the pusition of the digit in the index
number. For social indicators, the last digit is paren-
thesized. The various elements in the hierarchy are
linked by a network of mathematical “‘connectives”,
where a connective refers to a scalar, vector or set of
coefficients of functions. Connectives express the ef-
fect of: “A subgoal on an overarching goal or another
subgoal: a social indicator on a subgoal, a set of sub-
goals, or another social indicator: or, an action vari-
able on a social indicator or sct of social indicators”
(Technical Committee, 1971).

Public actions result in changes in social indicator
variables which in turn affect the achievement or non-
achicvement of social goals. These actions or policy
changes are referred to as action (or decision) vari-
ables. For example, construction of a nuclear power
plant will induce changes in social indicators which
will probably relate to one or more subgoals under all
or most of the primary goals. By predicting changes in
social indicators (or various actious, considering poli-
cy options, one can judge the relative effects on sub-
goals and primary goals. Techcom provides a
methodology for quantifying these effects.

SPECIFYING THE CONNECTIVES

The tremendously complex and painstaking process

of formulating connective relationships between the

various elements in the hierarchy has in no sense been

either alleviated or diminished by the Technical Com-

mitiee. However, several unique approaches to the

problems of deriving relationships and aggregating
ive have been proposed

* The Technical Committee of the Water Resources Centers
of 1he Thirteen Western States, 197(: Water resources plan-
ning and socis! gosls: concoptuslization towsrd s new meth-
odology. Prepared by the Office of Water Resources
Research. Utsh Water Resources Publication PRWG 94-1.
Logan, Ursh. NTIS No. PB 2042228.

Connectives can and should be formulated from a
broad buse of scientiflc, economic, and social theory.
Further, the search for and modelling of connective
patterns should not be restrained by the availability
of empirical data. [n several instances a degree of
value judgment may be required in estimating con-
nectives between measured or measurable social indi-
cators and goals and subgoals. In the latter case, the
Technical Committee suggests the use of a modified
Delphi approach.

The expert consensus approach (Delphi) offers a
viable mechanism for obtaining a description of the
functional relationship between achievement of sub-
goals and changes in social indicators, by questioning
experts and teclwicians about the impacts of those
changes. Operationally, indices are constructed tor
each lowest-level subgoal, which. based upon the
values of pertinent social indicators, describe quanii-
tatively the achievement oﬁl\z\L subgoal. These sovial
indicators are of the form P = ¥ W, Q;. where P is the
value of the index, W, is the unit weight of the ith
indicator, and Q is an exp of the achieven
of the subgoal as a function of the value of the ith
indicator. The social indicator weights (W's;) are ob-
tained by normalizing the median responses of a
panel of experts who are asked to assign weights to
each of the indicators of particular subgoals sv as 1o
express the impottance of each indicator refative to
the achievement of the subgoal.

Information required to generate the Q functivns
can similarly be obtained via the Delphi approach.
For each indicator, experts can be asked to draw a
graph of the achievement of the subgoal on a 0-100
scale acioss a range of indicator values. The median
values of selected points on each graph can then be
normalized and used in an interpolation procedure to
yield a Q value for each of the social indicatois. Al
ternatively, the data points could be used to con-
struct regression equations from which the Q values
could be obtained using computerized regression
techniques. Many of the logistical problems in using
the Delphi method — e.g. performing the necessary
statistical calculations, and writing and reproducing
successive rounds of questionnaire — can also be
solved through the use of a computer.

Indices of superior level subgoal achievement can
be formulated by utilizing public opinion survey tech-
nigues to generate simple numerical coefficients as
perceived by various audiences (parties of interest).
As ratio comparisons of preferences are essential to
Techcom in terms of the mathematical requirements
of the system, the Technical Committee suggests the
use of Metfessel's (1947) General Allocation Test® as
an appropriate weighting methodology. With this or a

! Metfessel, M.: A propossl for quantitative reporting of
comparative judgments. J. Psychol. 24 229-235 (1974)
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similar tool (¢.g. Thurstone -Likkert models). the
determination of empirical preference scores {weights
assigned to lowest level subgoals for purposes of ag-
gregating into measures ol higher order goals) can be
accomplished through mail questionnaires to repre-
sentative cross-sections of the impacted population.
This questionnaire-instrument can be easily adapted
to yield measures of the desire for improvements in
subgouls within each goal hierarchy and in goals. A
biographicst information section altixed to the mail
questionnaire will also facilitate the specification of’
preference weights cross-classified by major generat
interest groups as well as for the general public. The
built-in flexibility of the Techcom system permits
continual modification of the connective relation-
ships. as weil as numerous unique approaches to their
derivation.

IMPLEMENTING TECHCOM AS A
SYSTEM FOR QUANTIFIED
PLANNING INQUIRY

The Techcom model forms the basis for design ofan
ive ¢ ized pl g information sys-
tem, In npplymg the metholology, several alternative
policy options (action plans) are pustulated by the
planners. Resulting values of social indicators at vari-
ous future times must then be predicted. Procedures
relying in large part on the utilization of available
econometric input-output models have been incor-
porated in the model for this purpose. The basic
approach consists of specifying alternative scenarios
for future growth and change for various regional
economies which would likely be affected by the in-
troduction of the proposed action plans. It is im-
portant that these action plans be represented by
mu(ually exclusive scenarios of economic and social

pment so that p can contrast the flexi-
bnlny degree of irreversibility, consistency, and effi-
ciency of varous decisions across alternative
scenarios.

Having specified the social indicator set and the
consequent interaction system, one then has a policy
toul for evaluating the effects of alternative actions
on social welfare as defined by the goal-set.

Actions in this system are nothing more than first
round perturbations of one or more of the social indi-
cators. Further, action plans or alternatives can only
be expressed as outcomes on social indicators. That
is. if an action plan is to perturb the goal set in some
meaningful way in lieu of purely qualitative assess-
ment, the plan must be expressible as a set of out-
comes (immediate, lagged or indirect) on social
indicators. Thus, investment in nuclear energy be-
comes meaningful only when expressed in terms of
outcomes such as firm power kilowatt hours pro-
duced, or tonnage of auclear waste generated, Once

the initial impacts of social indicators take place. then
prumary and secondary repercussions on other sociai
indicators occur via the various measured connectives
between them.

The Technical Committee has included in 1ts re-
port a dynamic computer program which is capable
of aggregating social indicator values into relanve -
dices of superior subgoai achievement, and combining
lower level subgoals into indices of supenior subgval
achievement utilizing the connective relationships and
weighting coefficients derived via Delphu interviews,
public opinion surveys. emprical data or uiher
means. The pregram is watten in the Fortran (an-
guage for batch compilation under SCOPE and use
under KRONOS (two operating systems unlizing
CDC6400 hardware commerciaily availuble on the
CDC CYBERNET time sharing system).

This computerized Techcom system otfers several
unique advantages to public planners.

~  The planner or evaluator can use a cathode ray
tube computer terminal as a display device tu
compare the refative consequences ol slternative
actions on the goals and subgoals as perceived by
various audiences.

— By interrogation he can retrieve detailed ntorma-
tion about relative weighis ol specific interest
groups or reference publics, or he can assign hus
own preference weights.

- He can retrieve information on the social indica-
tors used and their relative values.

With these assessments, he can revise and amend hts
plans to improve the achievement of perceived gouls
and subgoals. In applying the methodology for plan-
ning purposes, all necessury considerations of policy
imposed administratively, by statute. or by commun
agreement, can readily be taken into account by con-
sidering these as constraints on the system. The ef-
fects of the constraints can be visualized by
considering alternative actions without constraints.

CONCLUSION

[t is important to note that the Techcom method-
ology has yet to be tully tested. However, the under-
lying concept of the model. in contrast to the single
criterion of benefit-cost efficiency, appears to provide
a workable basis for comprehensive social evaluation
of actions relating to public policy decisions. Further.
the methodology hus the putential of narrowing the
gap which currently exists between the detinition ot
national goals on the one hand and the 1mplementa-
tion of action programs to achieve such goals on the
other. As an interactive planning information system
it should lead to more socially optimum plans at the
field level: and, being comprehensive. it should sub-
stantially decrease the risk of error by ommission, s
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well as increase the reliability (credibility) of the re-
suits,

Since statements of social goals are derived
through 2 public consensus approach, and subse-
quently used as a basis of deriving social indicators,
ihe resulting social indicator set should be both com-
prehensive and socially relevant,

Techcom offers not only a significant advance in
the development of technology assessment method-
ologies, but provides a mechanism for covrdinating
and synthesizing various curremly diverse and unre-
lated policy capturing techniques (of which this paper
has mentioned but a few) into a unified structure.
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ABSTRACT

Technology assessment (TA) is interpreted today to
mean a single study of the potential impacts of a
rechnological change. Most technologies being as-
sessed can be implemented in a number of possible
technical forms as well as in different geographic and
cultural contexts. Such multi-facered complexity sug-
gests that the possibility of using multiple technology
assessments (MTAs) should be explored to see if, in
some situations, various of the possible multiple as-
sessment strategies may provide more effective assess-
ment. To provide grounds for comparison of various
modes of TA, we list nine objectives of TA, divided
into three categories: (1) validity, issues concerning
the soundness of conclusions arnived at through T4.
{2) utility, issues concemning the usefuiness of TA
findings: and {3) advancement of the state of the art
of T+ merhodology. We differentiate between and ex-
amine five tvpes of studies involved in TA: (1) macro-
ussessments, full-scale analvses by multidisciplinary
teams custing on the order of 3300,000 or so;
(2} mini-assessmenis, an order of mugnitude smaller
in scale; { 3) micro-assessments, an order of magnitude
smaller still; (4) monitoring, an ongoing information
processing  system; and (5)secondary evaluation,
wherein a TA is re-assessed. These elements may be
combined in various seq to form MTAs, Six
appealing examples of MTAs are selected for compani-
son with each other and with the standard *‘one-shot”
assessment by considering each, in tum, against the
set of TA objectives. Finally, we illustrate the MTA
concept by discussion of a recent multi-nationai, mul-
f-component effort dealing with the assessment of
the likely effects of alternative work schedules. We
conclude that MTAs appear potentially more valid,
and more useful in a number of respects, as well as

miore helpful in the development of T4 methodotog,
than the “one-shot™ mode of assessment. [once,
these altermative TA designs ment trial o ascertuin
their practicality and worth in actual practice.

INTRODUCTION

The archetypal technology assessment is today under-
stood to be u single, ad hoc study performed by a1
multidisciplinary team, on a budget of the order of
$300,000, in a period of about one year. While actusl
studies undertaken (o date vary greatly in terms of
budget, time, uvailable expertise, and sponsorship.
they have rarely diverged from the notion of a single
assessment effort. Paraphrasing two of Joseph Coates’
definitions {4, 5], TA should anticipate, forecast. and
evaluate the impacts of a technological intrusion —
particularly the unintended, inditect, and delayed :n-
pacts — on all sectors of society. This is simply not
feasible in a single study, no matter how well done
We argue that such an ideal can be better approxi-
mated by a combination of studies linked into a
coherent research program - a multiple technology
assessment.

To initiate critical consideration of the pros wnd
cons of various types of MTAs as opposed 10 single
assessments, we offer a set of nine objectives tor TAs
as 3 basis for comparison. We then examune. in turn,
each of seven potential types of TA design as tv how
well they promise to fulfill these objectives.

TA OBJECTIVES

The following listing of objectives is offered as a first
step toward critical appraisal of the TA process. Tech-
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nology assessors will always face difficult trade-offs
among such objectives as they attempt to perform
their task under serious constraints of knowledge,
time, and resvurces. Each assessment team, in con-
junction with its sponsors and eventual users, will
have to choose for itself its priority of objectives.
And the TA community as a whole will need to learn
better the implications of the available choices.

An example of such a trade-off which intimately
affects efforts to analyze complex, many-faceted
problems is the issue of appropriate depth versus
breadth. Given budgetary and temporal guidelines, as
well as the sponsor's preferences, the task group can try
to cover all possibilities and contingencies as Dickson
{9) did in the of the videophone; or focus
on one aspect only, which was the path chosen by
Grad et al. [11] in their study of the automobile; or
operate somewhere in between. Either focusing on
breadth or focusing on depth causes information loss.
Breadth treatment offers a coarse grain analysis with-
out much detail, The danger in this approach is super-
ficiality to the extent of being grossly wrong. On the
other hand, a depth analysis loses scope and, by pick-
ing the wrong subject(s) for analysis, the perspective
of the study may become irrelevant to the users. To
decide such issues wisely, assessors must clearly visu-
alize their objectives.

Qus nine objectives for TA are divided into three
categories: validity, utility, and the state of the TA
art (see Table I). Validity, being well-grounded in
fact, is represented by three objectives, a meager
beginning on this crucial matter. In a related study
area, evaluation research, with the more manageable
task of assessing the effects of programs already im-
plemented, some thisty threats to “internal validity”
have been identified [7]. Any of these threats can
invalidate the results of an assessment study. Tech-
nology assessors should realize that they are operating
without sound scientific bases in terms of developed
assessment designs, appropria!e statistics, or samplmg
criteria pertinent to g ion of study fi
While serious scientists would correctly shrink from
such adventuresomeness, TA nonetheless is justified
in that decisions will have to be made with or without
sound information, and TA promises information.
The second category of five objectives reflect uzility,
the usefulness of the TA, Advancing the state of the
art of TA methodology is proposed as the third cate-
gory of objectives, We view this as essential to im-
proved long-term fulfillment of the prior eight
objectives and development of TA into a defensibly
sound enterprise. We discuss the objectives one-by-
one with some reference to prior TAs (see Table [).

Validity :

I Cause-effect understanding. TA is clearly imbued
with a causal orientation in that one is attempting

to determine the effects of a technological
change. Of the several conditions requisite for
causal inference [cf. 1], the one most suspect in
our case is to demonstrate a thorough system
understanding. How can we anticipate the etfects
of a particular technological change when we
lack understanding of the other causal influences
at play, interactions, and feedbacks encompass-
ing “all sectors of society™? ndeed, no presently
existing theory of social change is an adequate
basis for treating the effects of the introduction
of a technology on society |10]. Usually. effect
analysis is partitioned into classes of effects
ble to a single disciplinary anslysis - a dit-
ficult task itself — without investigating mutual
causal relations between the various classes of ef-
fects [17). For example. in the Jamaica Bay and
Kennedy Airport Study [13]. the possible ef.
fects of the primacy of environmental values
(which the report seems to champion) on trans.
portation needs and capabilities, is not thorough-
ly explored. The report never confronts syuarely
the value trade-offs involved.
Balance. Secondly, according to Daddario (8].
technoloy assessment should provide a balanced
g ours) appraisal to the policy
maker. The reconciliation of competing interests
within the context of a single report means that
the authors of a report must strike the balance.
One can distinguish between two basic ap-
proaches to this issue: (1) scientific neutrality -
perpetuation of the myth that there is such a
thing as value-free study, especially in policy-
relevant matters (for background on this puint
sce the excellent article by Scriven {21)). or
(2) adversarial — assumption that the truth will
somehow out if we provide for opposing posi-
tions {cf. 12).

The first approach was taken in the “one
shot” Jamaica Bay TA mentioned previously. It
is our judgment that the balance was struck
somewhere on the side of the envirenmental - as
opposed to the transportation -~ interests. The
question of whether the “right” balance was
struck cannot be answered, for who is to decide?
The policymaker would have to do his own TA
to find his own balance. The desideratum of a
balanced appraisal must deal with the question
of: Balanced relative to whom? And the answer,
of course, is the guthors — or perhaps the spon-
sors ~ of the TA.

The second approach follows the suggestion
of Mitroff and Turoff [19) (see also Churchman
{3]) for dealing with management situations in
which there is conflict. Our version of this ap-
proach allows the policymaker to face not a
balanced appraisal, but a collection of deliberate-
ly unbalanced appraisals, each reflecting a defi-
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Tabie 1. Multiple TA Designs and TA Objectives

DESIGNS
One- r\:::::l; z:)s::ss- Muitiple assessments
shot point in time at different times
™ E Bl |d i E
= 5 _~_ ==}
OBJECTIVES Z |5 [z 2|8 |d, 58
3 g 2n8le 23ls _|8€E ]
-1 2cx|2E|3E2E|53
g e :f RS k-1 S ~_ a
HERR R R R
LHIE R RN R IESIE R ST
< a | a |u |u |o
Validity:
1. Cause-effect understanding 0 0 0 0 + 0 4+ +
2. Balance - 0 + - 0
3. Methodological soundness 0 0 0 +
Utility:
4. Pertinence of the causal
factors, issues, and
impacts considered - 0 + 0 + + +
5. Timeliness 0 1] 0 — + - 0
6. Credibility 0 + + 0 + + +
7. Communicability 0 0 0 0 0 - Q
8. Economy of assessment ] - - 0 - -
State of the Art:
9. Advancing TA methodology - + 0 - + |+ +

“+" indicates a strong likelihood of fulfilling the objective;
“0" indicates a fair possibility of fulfilling the objective;

“_w

nite interest focus. With the interest groups
making their strongest cases for their particular
perspectives, the policymaker can then strike his
own balance. For Jamaica Bay, une might expect
at least ts from the envi | and
transportation intesests, Other TAs would offer
other mixes of assessments.

Methodolugical soundness. This is a catch-all
category given the current state of the TA art. At
a minimum, one could expect that TAs evidence

indicates little likelihood of satisfying the objective.

some reliability (reproducibility of findings), do
not violate established scientific tenets (e.g.. sur-
vey techniques or statistics), and contain evi-
dence of suitable peer review, (See Cook and
Campbell {7] for a discussion of a multitude of
further issues in gauging effects.)

Utitity:

4

Pertinence. This refers to several dimensions -
causal influences (independent variables) con-
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sidered, issues evaluated (technological or policy
options included), and impacts assessed. In es-
sence, if the TA does not ask the right questions,
it is of no value. An example of this objective is
in the ability to generalize results from one TA
setting (o another. ¢.g.. at different times, con-
cerning somewhat different technological op-
tions, under different constraints and external
influences. or in ditferent locales. For instance,
n the case of the TA on alternative work sched-
ules, presently in preparation by Haldi and Asso-
ciates (discussed in some detail later in the
paper), there are differences in the laws, social
structures and institutions, in the forms of the
organization of work, and in the cultural tradi-
tions among the various other countries and the
United States. These differences might make the
problem of whether to adopt an alternative work
schedule and, if su, which one, look different
under analysis in different contexts. The results
of the original U.S. TA, although designed in
loose international coordination, would need
some “‘massaging” for use by other nations. In
this case. possibly one or more smaller studies
might add perspective. Indeed. broadening the
perspective to include other contexts offers the
potential of enhancing understanding of the orig-
inal context. Such might have been the case in
the Jamaica Bay and Kennedy Airport Study if
Chapter 5 — Public Policy: National Issues
Raised by the Jamaica Bay Study — had con-
tained more extensive analyses of the salient
features of other airports to firm up the report’s
factual base for its discussion of national issues.

The problem of pertinence is well-expressed
by Grad et al. [11, p. 4] as it relates to their TA
on the automobile:

.. .any lengthy study - such as thisone ... —
operates on constantly changing terrain, In the
course of the past two or three years there have
been numerous technical advances . . . that have
cast new light on pollution control technology,
causing, in turn, a need for reevaluation of poii-
cies considered either more or less favorably in
the earlier stages of the study. Other develop-
ments . . . have aiso called for changes in direc-
tion . ..

One such development . . .that was not fully
predictable at the beginning of the study is the
sudden awareness of the existence of an energy

5 Timeliness. n a policy context. it is imperative
that a TA be available when the time 1s ripe
Many TAs were needed before they were begun
This 15 a major constraint on the depth of anal-
ysis possible in a gven TA.

6 Credibility. Whatever the validity of a re potL itis
valuefess unless the audience believes the report
to be worthy of consideration. A fine example of
a credible report is the oft-noted Jamaica Bay/
Kennedy Airport Study whose conclusions wers
implemented the day atter public release,

7 Communicability Unless the findings are pre-
sented in 2 usable format, the TA may receive
scant attention. This threat s particularly acute in
the case of more quantitative approaches that use
more esoteric techniques, particularly those that
combine a plethora of impacts under a weighted
utility function (also those that present a multi-
tude of impacts without a viable means to ag
gregate toward conclusions').

8 Economy of assessment. After consideration of
the preceding, we duly note that cost is a con-
sideration. In the extreme, one must ask it 2 cost-
ly assessment is worth doing in the first place. Do
the potential benefits of a study outweigh its
costs? What are the risks involved in not dowg
the TA?

State of the Art:

9  Ad of TA hodology. Unlike some
other emergent areas of study, TA has not had
the fuxury of an academic birth. As a policy wol.
it has been bom close to the firing line. Despite
such a pragmatic role, it is incumbent on the TA
group to develop a means to assure that assess-
ments present valid conclusions. One approach to
further this end is the undertaking of secondary
evaluations designed to critique both conclusions
and methods.

More generally, several of the suggested
MTA designs offer a potential for comparison of
methodological effectiveness lacking in the “vne-
shot™ study.

MULTIPLE TA DESIGNS

If the MTAs should be considered as a potential im-
provement over the “one-shot™ study, what are their
ible comp ts and how can they be assembled?

crisis. This development, though it may
to overshadow everything else in the field of
environmental regulation, occurred so late in
the course of the study that it finds only minor
reflection in this report.

Any major study in isolation, unaccompanied by
foll ora itoring program, is vulnerable
to this problem.

p
fn this section five types of components and their
possibl poral relationships are  discussed-
“macro™, “mini”, and “‘micro” studies; monitoring
programs; and secondary evaluations. Then selected
combinations are considered in the light of the nine
TA objectives.

The most common and well-known type of TA is
the “macro-"" or full-scale TA (the "one-shot™ ot Tuble
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1}, in which a team of investigators analyzes many fac-
ets of the eifects of a technological system. Such an
effort might typicaily run between one and two years
and have a cost range of $300.000 or more (V. Coates
(6], and G. Patrick Johnson, private communica-
tion). By every measure, the full-scale TA is a large-
scale research project. The Jamaica Bay Study. the
STOL TA (LaPoute et al. (15, 16]). and the Assess-
ment of the Automobile, cited above, fall into this
category. Their results cover a wide vaniety ol tech-
nological consequences, including some fairly detailed
analyses, as well as overview impressions. The diversi-
ty of the scope and contents ot such TAs is truly
amazing.

Another type of TA is smaller in scale, say by an
order of magnitude, than the full-scale TA. Such an
effort could not usually aim at comprehensiveness.
However, as a pilot study. as a supplementary study,
as a study of a single effect or problem area, or as an
assessment of another study from a ditferent cultural
context, it has definite potential value. In some cases,
a full-scale study breaks down into an aggregate of
smaller, refatively isolated subsiudies. The second re-
port of the STOL TA (LaPorte et al. [16]) broke
down into an integrative essay and three separate,
essentially unrelated, studies dealing with social
change, public attitudes toward technology, and regu-
lation of technology. Each is general-
ly useful only as a part of a total view, it lacks the
capability of presenting anything like the complexity
of the effects of a technology in reasonable depth.

Even more limited in scope than the mini-
assessment is the micr t. For d ion

viding information useful in determuning what Ty
should be done and when. monitoning can allow tor
changes in an assessment already under way. While
such major events as the “energy crisis™ certanly at-
fect the TA on the automobile. a cumulation of much
smaller events. including marketing and regulatary
decisions. might also atfect Dicksun's TA on the
videophone [9].

The final component to be considered here for
MTAs is an evaluation of the TAs themselves, sec-
ondary evaluation. Self-study and evaluation has nut
been a strong point ol technology assessments. In-
deed, none of the assessiment reports cited eachier con-
tained introspective components. A state ol the art
review of 13 selected TAs by Jones [14] olfered only
a relatively superticial critique. contining itsell largely
to exhibiting a companson of the studies alony speui-
lic di i such as gerial approach and Jata
collection procedures. Since there is no tixed. agreed
upon methodology lor doing TAs, evaluation can not
be a “checklist” procedure. But evaluation should
receive more explicit consideration precisely becsuse
of the massive uncertainties in TAs. [t is w0 be ex-
pected that a competent TA team is constantly aware
of the need to correct procedural and substantive
errors 3s they arise, but this informal. internal review
is not a long-term substitute tor more tormal and
systematic evaluation. Secondary evaluation or evalu-
ation of TAs themseives is listed here because of 1ts
potential usefulness rather than its current applica-
tion.

Table 1 illustrates a schematic representation ot

purposes, this can be considered an order of magni-
tude smaller than the mini-assessment. As such, it
cannot be much more than the assessment analog of a
thought experiment. Yet the micro-assessment can
serve, for example, by way of a dry run, to focus and
anticipate problems with larger-scale assessments. [t

the comp of MTAs and the representation ol
the combinations selected in Table [. The com-
ponents can fit together in time in a variety of ways.
An MTA may be made up of sequences of com-
poneats. For example, a monitoring program in a
particular area of technology may reveal the need for
a major TA etfort. A micro-study scopes out the
1 A

also has potential for attacking specific ptual
problems within the larger context of an assessment,
The micro-assessment is brainstorming rather than
hard study. quick and dirty rather than careful and
thorough. 1t should usuaily be tied closely to a larger
assessment effort.

Not usually considered in the context of tech-
nology is the itoring program by
which information from the environment is selected
and processed to provide a continuing update on
ambient conditions. Technology assessment, as Grad
et al. [11] discovered, is operating in a constantly
changing environment. Not only do technical per-
formance parameters and political and economic con-
ditions change, but the values of a society and its
members are constantly changing. The groundwork to
help TA sponsors to determine which assessments
should be undertaken appears as the result of a
(usually intormal) monitoring process. Besides pro-
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of' a full-scale undertaking. An evaluation
of the fullscale etfort reveals a deficiency which is
correctable by a mini-assessment. The monitoring
program continues. This sequence of activities ius-
trates the possibility of viewing TA as a process rather
than an event, as indeed are technological change and
its human consequences.

Turning now to the designs assembled in Table 1.
we consider seven, in turn, as key samples of the
endless array of possible combinations of tullscale,
mini-, Or micro-assessments in conjunction with moni-
toring and secondary evajuation of TAs. We cautivn
the reader to interpret both the following comments
and the tabular entries with great caution — too many
variants are conceivable and lack of experience with
all but the “one-shot™ design preclude definitive
statements. The evaluations were done by the authors
on their personal experience and judgment in order to
indicate the points at which various MTAs appeared a

23
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Table (1.

Full-Scale (Macro-) Assessment
Mini-Assessment

Micro-Assessment

Monttoring Program
3 Ewaluavion

—— One Way Interaction

<«—  Mutual Interacnon

With positive time tlow trom leit to right hurizontally the designs of Table | may be diagramed us follows

A.  One-Shot:

8. Double:

C. Macro Plus
Two Mini:

D.  Micro-Macro:

or other interactive combination

or
E.  Macro-Monitor: Mini-Monitor: D——m

E.  Macro-Mini:

G.  Macro-Monitor
with Intermittent
Mini-Assessments:

Other MT A designs can be diagramed similarly.

priori stronger or weaker than “one-shot™ assess-
ments,

A

One-shot Assessments. The standard TA is con-
sidered particularly weak in terms of balance. per-
tinence, and contribution to TA methodological
development. In each case, the flaw is the ab-
sence of any basis for comparative analysis.

Double Assessment. This alternative compares
favorably to the one-shot in providing a basis for
comparison, hence strengthening the three weak-
nesses noted. In addition, credibility may be
enhanced: but all these gains are at the expense
of doubled assessment costs. Two very different
variants are worth considering: (1) independent,
“scientifically neutral” assessments, or (2)ad-
versarial assessments wherein most opposite view-

20

of
Macro-Evaluation:

C

D

points are alforded a means for development uf
bases for their positions.

Macro- (fudl-scale) Plus Two Mini-Assesonents.
This implies that the tull-scale TA. most likely
“scientifically neutral”, would share its generared
data base as it became available with twu adver-
sarial groups oriented toward elaboration vl
opposing viewpoints. An alternate version would
support  two ‘“scientifically ncutral”  mim-
assessments designed to elaborate ditferent tech.
nological alternatives or different contextual
assumptions. The advantages ol such a design are
along the same lines as noted for double assess-
ments, with even greater potential for balance
and pertinence.
Micro-,  then

Macro-Assessment. This adds a
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smail-scale pre-assessment etfort to better define
the critical parameters for the full-scale TA to
follow. and involves pechaps a small loss in
timeliness.

E Assessment (Macro- or Mini-}, then Monitor. This
is the prototype for the “process”™ designs. It
offers the strong advantage uver the preceding
designs in that it is ongoing. Monitorinyg can be
undertaken in a variety of styles: formal or in-
formal: tocused or scanning; intermuttent or con-
tinuous. As indicated in Table [, this appears to
otler great potential on all counls, excepting
economy, but the level of the etfort does not
have to be very large. Timeliness is of course a
function vl the need for information.

F  Macro-Assessment, then Mini-Assessment(s) or
Macro- then Evatuation. This design oflers good
potentials via a number of alternatives. For in-
stance, vne could evaluate the TA by means of a
secondary analysis — this would be particularly
rich in terms of advancing TA methodology. Ot
one or more small-scale assessments could elabo-
rate on particular issues raised by the initial assess-
ment, ur by changed circumstances, or by
strident opposition. Informal assessiments by con-
cerned parties could also be considered as vari-
ants of this design. ln all cases, the result should
be considerably richer than the “one-shot”"; how-
ever, one could anticipate less expeditious deci-
sion processing, greater confusion if divergent
opinions are apparently supported, and higher
COsts.

G {Macro-) Assessment, then Monitor, with Intermir-
tent (Mini-) Assessments. Without belaboring the
notion, this is a reasonably attractive mode of
extension of the multiple TA concept toward an
ongoing effort. Advantages appear attractive,
similar to Design E.

Since the MTA concept has not been widely ac-
cepted. we turn to consider activities which embody
some of the salient features of MTAs.

AN MTA EXAMPLE

id

We now a technology t of Alterna-
tive Work Schedules (AWS) supported by the NSF as
part of a lvose international coordination among the
OECD member nations. These efforts were handled by
the OECD Directorate of Science, Technology
and Industry under its work groups on Humanized
Working Conditions in the Social Assessment of Tech-
nology research area. The NSF effort, lasting 18
months, funded at about $207,400, was performed
by Haldi Associates inc. of New York, with John D.
Qwen serving as principsl investigator.

The Principal Investigator and members of the
Oversight Committee met with European experts to

discuss their countries’ experiences to date with AWS
forms. In its analysis. the team made use of the rech-
niques of fustorical analysis and trend evaluation.
econometric analysis. inter-disciplinary brainstorming
and matrix analysis. Work schedules were analyzed
from the aspects of both the number of hours worked
and the timing of those hours. as well as from the
focus of the degree of choice of employees and em-
ployers. Scenarios were reduced to three: (1) status
quo (with overtime premium pay requirements of the
present  Fair Labor Standards  Act continuing):
(2) “Flexi-time™ {with no premium pay tur hours
worked over 8 in a single day); and {31 compressed
work-weeks (e.g.. d-day. 30-hour or J-day, 36-hour
week). Because the project’s final report has not
yet been issued, it is premature 1o discuss its
conclusions.

During the Haldi study, two micro efforts ar the
assessment of AWS were undertaken by two teams uf
six undergraduates each at the Georgia Institute ol
Technology. The details of these efforts are analyzed
elsewhere {20]. [t sutfices lor present purposes tu
mention that one group undertuck an evaluation of
“llexiweek™, a novel AWS consisting of alternating 4-
and 6-day work weeks of 8-hour days with businesses
remaining open 6 days per week. while the other
studied worker satisfaction under four ditferent work
schedules using an operationalized version of Mas.
low’s [18] hierarchy of needs.

In May 1975, the Haldi group's methodology and
results 10 date were reported to an OECD work
group, at the group’s expluratory meeting. The OLCD
will probably hold further sessions tying together on-
going projects and publishing a wrap-up c
final reports of the various national studies. Project
results and methodologies would thus be shared. The
OECD Observor, No. 81, May-June, 1976 presents
sotme comparative information regarding tlexitime in
France. Germany, Sweden. the United Kingdom. and
the United States.

Projects related to the Haldi cffort are taking
place in other OECD member nations. {n Great
Britain, the Work Research Unit of The Department
of Employment {2] set up a Steering Group on Job
Satisfaction. This group set up a series ot projects to
explore ways in which the content and organization
of work could be changed to meet individuai needs
for job satisfaction. The Swedish Work Environment
Fund {22] has devoted considerable effort to the
study of shift work and its medical, social. and pro-
ductivity effects. Additional research in this area has
been suggested.

Apparently, OECD supports no coordinated data-
gathering studies or evaluations of the work. [t s, of
course, too early to form any meaningful judgments
of the validity and utility oi the output of this pro-
gram.
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OBSERVATIONS AND CONCLUSIONS

As is apparent, vur “MTA Example™ of the last sec.
tion really wasn’t an example of an MTA. Instead, it
represented a loose attempt to coordinate diverse
efforts to assess a broad and important topic — alter-
native work schedules. That we chose such an
example is a reflection of the current state-of-the-TA-
art. The complexity of the assessment problem is rec-
ognized and a plurality of studies is undertaken.
However, overall (as opposed to limited) design plan-
ning and courdination is not yet being used.

Brief mention should be made of two other
groups of assessments, One exapple ol a true MTA
design cunmsists of a full-scale assessment of earth-
quake amelioration possibrlities under Ed Dickson of
the Stanford Research Institute, and a coextensive
mini-assessment by Martin Jones, both supported by
the NSF. The second assessment reputedly did not
significantly influence conclusions and partly on this
lhasis we have not included the concurrent “macro™
plus “mini” as an interesting MTA design.

The second group of TAs is currently under way
with support from the Office of Technology Assess-
ment on various aspects of materials resources, Ihis
effort shows promise of excellent coordination as a
single advisory committee serves to oversee five full-
scale assessments at this time with a potential for
several more. However, this design is also not in-
cluded in our seven favorites because it simply divides
the topic into essentially non-overlapping sub-topics,
whereas our MTA designs provide for various forms
of replication.

Two problems exist. Since TA is not a discipline,
but a collection of ad hoc, problem-oriented studies,
there is no cumulative body of knowlcdge being
developed. At the same time the management and
coutdination of TAs is (ragmented, with each frag
ment possessing a short time horizon,

Studies in social change due to technology and in
TA methodology may make some progress in solving
the first problem. However, we feel that improve-
ments in this area will be increments rather than
breakthroughs. It may prove necessary to provide
continuity through systematic monitoring of im-
portant areas of technology and their effects on man.
This. coupled with long-term commitment to study
various classes of impacts, may provide continuity to
what is, after all, the assessment of a process. What
the mechanisms of coordination, control, monitoring,
and evaluation should be we leave 1o the further
deliberations of TA practitioners, users and sup-
porters. If the need for understanding the human
effects of technologies is as great as we believe it to
be, the replacement of the present hodgepodge of
isolated efforts of uneven quality with assessment
programs possessing continuity and form seems a
logical next step.
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A Case Study: Polychlorinated Biphenyls

Edward J. Burger, Jr., M.D., Sc.D.
Office of the President s Science Adviser, Science and Technology
Policy Office, Washington, D.C.

ABSTRACT
The Government “decisions” on polychlorinated
biphenyis {PCBs) c ituted an reg y

exercise compared to ntuch of the experience of ile
past Jew vears.! PCRs had been developed in the late
1920s 1o serve in instances where high physical and
chemical stability were advantageous. In part, precise-
lv because of these peculiar properties, they became
recognized as particrdar environmental hazards. The
processes of analvsis and study by the Government
for decision were fuller and more deliberate than is
often the case. A number of scientific reviews were
Joined in the process. Benefits as well as hazards were
explicitly considered. Regulatory type action was not
aken unil suitable mformation was marshalled and
recent scientific evidence was given the benefit of
inerpretation. Finally, the process of deliberation
was an unustally opent one with the results of analy-
sis fully displayed.

*Written for the study on Lecision Making for Reguiating
Chemicals in the Environment, Environmental Studies Bosrd,
National Research Council, National Academy of S
and undertaken at the request of the U.S. Environmental
Protectinn Agency, Coniract No. 68~-01~2262, 1his,

vassompleted in Decamber 1974,

'In Februaty 1978, the National Academy of Sciences or-
genired a working conference to explore the process of
Government decision-making (o regulete chemicals in the en.
virnnment. To a this conference, a series of case studies
of past regulatory sions was solicited from persons who
had reasonably detsiled knowledge of them. What follows is
the case study of polychlorinated biphenyls as one of the
setles used in the NAS study. The majority of the Govern-
ment pronouncements and decisions in this instance derived
from a series of studies and analytic ¢xercises convened by
the Office of the President’s Science Adviser. (This.study is
also to appesr as s of 3 bo he suthor on reguistion

)

ces,

INTRODUCTION ~ NATURE
OF THE DECISION

The process of Federai Government deliberation and
decision on polychlorinated biphenyls (PCBs) was
relatively circumscribed and strmghtforward. The
Government actually possessed little in the way of
legai, regulatory authority. Hence, the “decisions™
leaned heavily on persuasion and on para-regulatory
moves, Nevertheless, the Government's decisions in
this case did lead to the intended and recommended
actions (reduction and restriction in certain uses of
PCBs) and a tightening of the procedures governing
the manufacture, importation and continued use of
these chemicals.

Most important, perhaps, was the fact that the Je-
cisions and actions assumed by the Government (and
by parts of the private sector) were taken deliberately
and on the basis of unusually good analysis und intor-

mation. The PCB decisions,_in brief, were unusuall
well informed decisions when compared (o uthers of
this type, and the analyses used (o arrive at the de-

s were probably fulier and ol a Tugher quality
than is the case with most segulatory actions.

The several agencies ol theé Federal Government
concerned with the PCB question contributed to the
deliberations and to the analyses. At the same time,
an outside group of scientific experts was engaged by
the Office of Science and Technology to consider
PCBs from a broad perspective as a case study of a
hazardous substance existing in the environment in
trace quantities. The Government's major deliberative
body for its decisions was an interagency, PCB Task
Force — run jointly by the OST and the CEQ. The
case study of the outside advisers to the OST was ume-
ly and useful to the Government’s own analyses.

Jor
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THE ENVIRONMENT — OFTEN DISTANT
FROM APPARENT SOURCES

PCBs were among the materials found. but when
analysed they were often confused with other sub-
stances. PCBs were first distinguished from the
“unknown interfering compounds™ found in nature
in 1966 by Jensen’ and the next year by Widmark,!
On the basis uf this latter report, the Food and Drug
Administration  was moved (0 develop analytic
methuds to distinguish between PCBs and chiorinated
organic pesticides encountered in monitoring for
regulation.

[n February 1969. Dr. Robert Risebrough gath-
ered attention by waming, in an article in the San
Francisco Chronicle. of the dangers of PCBs in the
eco-system. Over the next 67 months, the FDA in.
creased its surveillance of foodstuffs for evidence of
PCB residues. Notable positive findings were in fish.
Monitoring of foodstuffs, raw agricultural products,
fish, and teeds for PCBs was augmented throughout
1970. PCBs were found in fish and in marine animals in
high concentrations close to plants which manufac-
tured the chemical.

ACCIDENTAL SPILLS OR LEAKAGES OF

LARGE QUANTITIES OF POLYCHLORINATED
BIPHENYLS WITH CONSEQUENT CONTAMINA-
TION OF FOODSTUFFS AND ANIMAL FEEDS.

In 1968, PCBs, used as a heat-exchange fluid in a
pasteurizer, leaked into rice oil being manufactured
tfor heme cooking use in a plant in Japan. More than
1,000 persons were affected by the contaminated rice
oil, many of whom exhibited persistent skin lesions as
well as systemic disease (Yusho disease). In July
1971, leakage of heat exchange fluid caused con-
tamination of pasteurized fish meai which was used as
a feed ration forchickens and catfish.

In addition to these two major areas of concern,

the sessions of this conference tighlighted the ~ .
vironmental problem™. This conterence. perhaps 1o
the ficst time, brought together the extent i under
standing on the manufacture. use. und Brological
effects of, the extent of environmental contanunation
by, and the analytic methods for, PCBs.”

In August (971, an Environmental Quahitv Work-
shup was convened in Durham, New Hampshire. by
the National Academy of Sciences. to consider
Manne Environmental Quality und Ocean Pullu
taats,” PCB contanunation was hughhighted.

In addition, provoked by both the sccidental
spills and by the widespread finding ot trace quant.
ties of PCBs in the environment. there emerged in the
lay press a series of stories and articles defing with
PCB contamination. Most o them vecutred in lue
1971 and reflected especially the contamination o
foodstuffs.*'*

The FDA, aware that PCBs were to be jound 1s 4
contaminant in the environment, and ulert o the
occasionally reported cases of accidental spillages.
elected to engage in watchful surveillance ot 1004 [t
did this in part in cooperation with the Departinent
of Agriculture. As a result of the findings i’ PCBs
specifically in fish and milk. the FDA established.
between December 1969 und February 1970,
“Action Levels” for PCBs in milk, poultry and 1ish.
Action levels are temporary thresholds for regulatory
decision pending the establishment of a mure per-
manent regulatory policy and procedure. [n August
1970, the FDA established a simifar action level ror
eggs. During 1970 and 1971, the FDA used these
guideline values in various seizures ot fouds tuund
contaminated with PCBs.

The number of reported contaminations of fuods.
recreational tish, packaging materials and snumal
feeds increased toward the latter halt of (971

panying the anno ts in the public press
(and. undoubtedly, refective of them), there also
occurred toward the end of 1971 a series of inquirtes
from Congressmen and other elected officials vver
PCB cont tion of food and the environment. On

PCBs began to be reported with i 8
in poultry and in eggs, and in packaging maxenal for
{foud.

PCBs appeared with increasing {requency in 1970
and 1971 in the professional scientific literature deal-
ing with wildlife and the environment™™* In Sep-
tember 1970, the National Swedish Environment Pro-
tection Board held a confetence on PCBs.® One of

! Jensen, S.: A new chemicsl hazsed, New Scientist, 32
612 (1966).
' Widmark, G.: Possible interference by chlorinsted
biphenyls. J. Assoc. Offic. Ansl. Chem., S0: 1069 (1967).
4 Peakail, D.B., and I1.C, Lincer: Polychiorinated biphenyis.
Another long-iife in the i
Bioscience, 2i 950—964(197”
! Pichirallo, J.: PCBs: Leaks of toxic substance raises issues
ofel‘fcc(s regulstion. Science, 173 899-902 (1971).

PCB Conference, ulunal Swedish Laviconment Pro-

tection Board, Research Secretariat, Wenner-Gren Center.
Stoekholm. Sweden, 29 September 1970,

" Marine environmental quality, A special <tudy held under
the auspices of the National Scientific Commiltee un Ocesna.
graphy uf the Nationsl Acsdemy ot Sciences Ucean Allsirs
Bosrd, Durham, New Hampshire, 9—13 August 1974
¢ Monsanto limits food plants’ use of chemicsl PCH. The
Washington Post, 30 September 1974,

* Some dried foods found tainted by perttous chemical, The
Washinaton Post, 28 September 1971
'® Tainted turkeys, The Washington Post
197¢.

' Turkeys. saimon 1ainted by PCBs, The Evemng Star. 1)
Seplember t971.

T A contaminant {8 (ound n cardboard, The New Yok
Times, 28 September 1971,

'3 If you think DDT'« a problem, meet PCB, The New Y.ork
Times. J0 September 1974,

'* FDA studying chance of contamination in contamners tor
food, The Wall Street Journal, 28 September 1971,

24 September
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16 August 1971, Senator McGovern addressed a let-
ter 10 the Commissioner of the FDA, reflecting this
concern. In September, Governor Miliken of Michigan
sent a ielegram to Ellionn Richardson. Secretary of
HEW, in which he announced a restriction of com-
mercial salmon tishing because of the finding ot PCBs
in fish.

By August 1971. the FDA (and to some extent,
the USDA) tound itsetf raprdly propelled into a posi.
tion where 1t would be “required” by public pressure
and advocacy to take a stronger and more forthright
position against PCBs. The scientific issues were siiil
not clear and there were glaring gaps in infurmation.
What really were the biological effects of the complex
known as PCBs? How did the various PCBs vary in
human toxicity and which members of the PCB fami-
ly were found as contamunants? Was observed tox-
icity due to PCBs proper or to contaminants pro-
duced during their manufacture? How widespread
was the contamination, and how good was the moni-
toring system in picking up accidental spills? Further-
more. it was clear that the twin issues of widespread
environmental contamination, by trace quantities of
PCBs. and the selective, higher level contamination of
toods and feed. had to be joined at some point in
Government decision-making.

On § August, 1971, the FDA, on its own initiative,
called a meeting of spokesmen f{rom each of several
Government agencies and Federal research labora-
torles 10 review the state of scientific understanding
of PCBs. The text for the meeting was the reported
series of accidental spills and leakages.'® Shortly fol-
lowing that meeting, the Department of Agriculture
and the Commissioner of the FDA asked the Office
of the President's Science Adviser to provide assis-
1ance and act as a focus for the Government's actions
and decisions concerning PCBs. This request was
made because: (1) the issue cut across several Federal
agencies and alsv involved outside scientists, (2) the
issue was rapidly becoming uncomfortable for the
FDA to handie alone, and (3) the Office of Science
and Technology already had under way a scientific
review of polychlonnated biphenyls and had quietly
begun to gather information several months back.

In April 1970, spokesmen for the Monsanto Com.
pany agreed to meet with the staff of the President’s
Science Adviser in the OST to discuss a number of
issues concerning PCBs, inciuding a series of animal
toxicology studies which Monsanto had undertaken,
During this meeting, Monsanto was asked for infor-
mation concerning the amounts of PCB it manu-
factured and distributed. The company, being the
sole producer in the U.S., was reluctant to make pub-
lic this information, although it reported that it might

'* Transeript of procerdings of the witeragency meeting on
polychlorinated biphenyls (PCHBs), Food and Drug Adminis-
tration, Department of Heslth, Education. and Welfare,
Washington, D.C.. § August 1971,

be able to provide the data on a confidential. non-
public, basis to the Government.

In October 1970, a review was begun. in the Oftice
of Science and Technology, of the general subject of
hazardous substances existing in the environment in
trace quantities. This review, known ultimately as the
Panel on Hazardous Trace Substances, had as s
major goal the identification ot the needs tor infur-
mation by the Governmentl in making judgments
about trace hazardous substances.

The Panel was composed pnncipally ot non-
goveenment experts in the tields of ecology. chenus-
try, biology, envisonmenial and  occupauonal
medicine and geology. Three case studies were begun
from which 1t was hoped to draw generalizable ex-
pecience. The particular subjects for the cuse studies
were chosen because they were thought to be ot im-
portance, because regulatory or other governmental
action had not yet been taken but could be expected
at some time in the reasonably near future, and be-
cause it was thought that there existed sulficient
information from which to draw conclusions. The
choices were cadmium, arsenic and PCBs.

Thus, as the Government began to develop 1ts uwn
position on PCBs in 1971, the OST-inttiated study
was already under way. What followed. in part, was
for the Government to borrow the expenence devel-
oped by the OST Panel and even for the two exercises
to be joined 10 some extent. Notwithstanding. 1
separate and identifiable PCB report was published by
the members of the Panel on Hazardous Trace Sub-
stances.'®

On | September 1971, the FDA heid a meeting
with the USDA, the EPA. the Couauit uva En-
viconmental Quality, and the Office ot Science and
Technology, to explore options for further action
concerning PCBs. The FDA and the USDA requested
that the Office of Science and Technology 1ake 1 lead
role in handling this matter. OST acceeded fo this reg-
uest and agreed to collaborate with the CEQin the task.
This became known as the Interdepartmental Task
Force on PCBs. The Task Force was announced on 3
September in a joint FDA-USDA press conterence.'”

On 15 September 1971, the OST Panel un Haz.
ardous Trace Substances and the governmental Task
Force met jointly with representatives of the Mon-
santo Company. The principal agenda item of this
meeting was a request for information concerning the
amounts of PCBs produced. patterns of distribution
and usage, and estimates of losses into the environ-
ment.'®  Again, the manufacturers expressed their

's Polychiorinated biphenyls - environmental impact. A
teview by the panel on hazardous frace substances, March
1972, Eavironmentat Research, 5. 249-1362 (1972).

17 Press release on interdepactmental PCB task force. Fuod
and Drug Administration. Department of Health. Education,
& Welfsre, $ September 1971,

% Letter from kdward J. Burger. Jr., M.D. of the OST 1o
Mr. Johe Mason, The Monsanto Company, 18 October. (971

Journat of the iternational Society jor Technology Assessment, Spring (976 3)

MONS 085099



willingness to supply information of this sort to the
Government, but with the understanding that the
data would not be released publicly except m a full
and detailed fashion, [n addition, the Monsanto Com-
pany expressed some concern over the seemingly
disconnected character of the Government's activities
up o that time and the difficulties involved in finding
responsible spokesmen for each of the agencies in-
volved. Monsanto made a strong plea (in the form of
a condition for their supplying information) that they
be permitted to deal with a single spokesman for the
Government.

The office of Science and Technology. on the
advice of the Counsellor to the President. did reach
agreement with Monsanto on the terms of receiving
the information.’® These were shortly rendered moot
by a tequest from the Environmental Defense Fund
for the same information. This information ultimate-
ly served as important background for the Govein-
ment’s decisions and was leaned on heavily by both
the OST Pane} and the Task Force.

The OST Panel combined the production figures
and the data on distribution and use with knowledge
of the physical propersties of PCBs to develop a com-
posite picture of the rates and routes of environ-
mental transport and disposition. The data were
reflected in a series of coefficients for a model of
transport of PCBs. While this was necessarily a crude
description, it served as a very useful instrument for
placing PCBs in peispective. It replaced what other-
wise would have been a totally qualitative ~ even
intuitive - exercise. [t pointed up important gaps in
knowiedge. Finally, some verification was afforded
by the results of physical measurement and monitor-
ing. This atiempt at environmental modelling was a

and commercial dependencies built up over the vears.
This explicit review of the benefits of PCBs. which 1s
often not done for regulatory decisions, was of vial
importance for decision-making on PCBs. The Nation-
al Bureau of Standards engaged in a review and analy-
sis of the benefits and even the “essentiality ™ of 2ach
of the several uses of PCBs. In this, the NBS received
advice from the National Industrial Poliutiun Contiol
Council, especiaily concerning the electrical uses of
PCBs. In each of the cases examined. the question ot
a possible and satisfactory replacement for PCBs was
raised. This review became the basis for the uitimate
decision to preserve electrical uses of PCBs (for which
there were true dependencies and no satistactory sub-
stitutes) and to restrict other uses.™

The Government Task Force report included a sys-
tematic summary of monitoring experience fur PCBs
in food. it had been tius matter of PCBs in foud as
much as any other which had brought PCBs 10 pubhic
notice. Hence, it was thought highly desirable to sys-
tematically lay out the apparent extent of tood
contamination and to consider what the patterns of
contamination would suggest for public policy and
Government action.

The Task Force Report explicitly reviewed all of
the pertinent Federal regulatory laws for their appli-
cability to PCBs. This was, therefore, an exploration
of the power of the Government to control and limit
the manufacture, distribution, use and disposal of
PCBs. This review pointed out something that was
already known — that existing regulatory authorities
were capable of responding to specitic dents of
contamination of foodstuffs once they were rec-
ognized. However, it acknowledged that the Govein-
ment’s legal armamentarium was generally

major contribution by the Panel to decisi king.

The OST Panel report was also appropriately criti-
cal in its review of biological effects and analytic
methods for PCBs. 1t considered what was known of
the mechanisms of observed biological effects, and
relationships between variations in chemical structure
and biological activity, and it atiempted to compare
the effects of controlled faboratory experiments with
observations made on animal populations in nature.

The Interdepartmental Task Force reflected much
of this information in its report. It explored addi-
tional territory as well — reflective of the fact that it
was 2 Government report which focused on a number
of specific. pragmatic. governmental or public
problems. Thus. as well as serving as a review of the
scientitic aspects of PCBs. the Task Force explicitly
teviewed a number of broad aspects of the PCB ques-
tion. Most important, perhaps. was the exploration of
the benefits or utility of PCBs and of the industrial

1» Memoarandum from Sohn Dean, Counsellor to the Presi-
dent. to Edward f. Burger, Office of Science and Technology,
concerning the Freedom of Information Act. 4 Ociober
1971

dequate to prevent more PCBs from entesing the
environment”

In addition to the above. the Interdepartmental
Task Force review considered the chemical and physi-
cal properties of PCBs. the occurrence, tiansfer and
cycling of PCBs in the environment, and the known
biological effects — especially on man.

During the time that the Governmient review
of PCBs was being pursued. the level of public
concern over these chemicals continued o rise con-
siderably. For this reason, the Comnussioner of the
FDA felt compeiled to hold a press conlerence
... try to help establish a perspective onPCBs .. ."
roughly a month after the Task Force had begun its
work.?! This was an appropriately reasoned state-
ment which attempted to allay fears and discourage
demands for a sudden, outright ban on PCBs (even 1f

18 Polychiarinated biphenyls and the environment. Interde.
mental task force on PCBs, Washington, D.C.. May 1972,
ional Technicsl Information Service, 11 S, Depsriment uf
Commerce, Springfield, Virginia, No. COM-72-10419,
n Statement by Charles C. Edwards, M.D., PCB press bref-
ing, Food and Drug Adminisiration, 29 September 1971
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the Government had been capable of invoking one).
The statement deferred to the ongoing process of re-
view and deliberation as the basis for considered de-
cision and action.

There was, finally, a third review of PCBs under.
taken within the Federal walls. One of the national
institutes of health, the National Institute of Environ-
mental Health Sciences, had sometime before elected
(o conduct a series of “scientific™ reviews of materials
which were of impending regulatory concern and for
which no systematic accounting of scientific informa-
tiun had been done. The philosophy in this case was
1o bring tugether. in a conference, spokesmen for the
principal research projects — published or under way
- n order to take the measure of the available scien-
tific understanding. At the same time, members of
the press — especially scientific writers — were invited
to attend these sessions. in order 1o enjoy the pro-
ducts of this review process. The aim was to educate
both the scientists and the public.

In December 1971, the National Institute of En-
vironimental Heaith Sciences held the first of this
series of conferences in North Carolina, and it was on
PCBs.?*(Since then, the NIH has heid similar reviews on
lead. ive e and other sub of
current public and govemmental concern.) Many of
the same spokesmen who were engaged in the other
reviews made presentations at the “open™ conference.
One of the major accomplishments of this meeting
was 10 impart an understanding to the press and sci-
ence writers of the character of the scientific evidence
and the scientists’ own interpretation of experimental
findings. The net (and immediate) effect of that ex-
ercise was 10 take the newsworthiness out of the PCB
issue and 1o remove it from the category of the sensa-
livnal. Very litlle was actually reported in the press
of that meeting. More important, relatively little
more was reported on PCBs in any form in the lay
press.

The principal “‘control™ actions for PCBs were the
result of persuasion by the Federal Government
rather than by direct regulatory exercise. The Govern-
ment possessed no real regulatory authority to con-
ol the manufacture, distribution or use of PCBs.
However. the persuasive influence of the several
Government inquiries — especially the PCB Interde-
partmenta) Task Force — was not doubted. Thus. the
maior action was taken “voluntarily” by the Mon-
santo Company, the sole U.S. manufacturer.

Beginning in 1970, the Monsanto Company had
begun to reduce the sales of PCBs - especially for
non-electricul uses. Domestic sales for PCBs for non-

1 National Institute of Environmental Health Scrences meet-
mg on polychlorinated biphenyls (PCBs), Rougemount,

electrical uses had risen (rom 12.000 tons in 1968 to
16.000 tons in 1970. By 1971, thus figure was re-
duced to approximately 4.000 tons.*’ In addition.
the Monsanto Company quietly assumed for itseli the
role of distributor as well as manufacturer in order to
exercise some control over end-use of PCBs. In this
way. the manufacturer was able to “discontinue sales
of PCBs for use in paints, plasticizers, sealants, ad-
hesives and other ‘open-sysiem’ uses™.

Thus, during 1971 and 1972, the Monsanto Com.
pany alse restricted (or attempted to restrict) sales of
PCBs to installations in which food or animal feed
was processed.

The principal recommendation of the PCB Task
Force was the discontinuance of all uses of PCBs ex-
cept in electrical capacitors and transformers. These
latter were judged to be essential uses and represented
“closed systems™ ?* To the extent that it could exer-
cise this type of restriction on distnbution. the
Monsanto Company again undertook “voluntanly™ to
control end-use through its control of the manu-
facture and sale of PCBs.

OBJECTIVES

The Interdepartmental Task Force report on PCBs
was issued publicly in May 1972 and was accom-
panied by a statement of governmenial “thinking™ and
governimental “action”. Perhaps the major con-
clusion reached in the report. which became an objec-
tive in Government decisions, was that of /mired
restriction on PCBs. PCBs were seen as having certain
essential uses in electrical transformers and capacitors
and it was judged in the country’s best intesest not to
be totally denied the use of PCBs. This was a direct
reflection of the analysis performed by the National
Bureau of Standards of the utility and essentiality of
PCBs. which pointed to the possibility of an increase
in fires and explosions from encased or enclused
transformers if PCBs could no longer be used — repre-
senting the possibility of trading one hazard for an.
other hazard. In addition, it denived from the
attempts 10 map oul the patterns of environmental
dispersal of PCBs which had been lost from human
use. Electrical applications were seen as “closed”™ ap-
plications and were not thought to contribuie to en-
vironmental distribution.

Other uses of PCBs were reviewed as either not
essential. potentially or actually contributory to the
environmental “load™, or were found to have suitable
substitutes, This, then, pointed to an eliminauon of

1 Monsanto Industrial Chemicais Company, press release:
Monsanto releases PCB production figures 10 Department of
V30N ber 1971,

North Catolina, 20- 21 | 1971. P di pub-
lished in Envi Health pectives, Experimental
Issue Nu. 1. Apnl 1972, National Institute of Environmental
Heaith Sciences, Research Triangle Park, North Carolina.

10 Press release accompanying Lhe release of the PCB interde.
partmental task force report on PCBs. Washington. D.C., 12
May 1972
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essentially afl other uses - heat exchange fluids, hy-
draulic 1luids, and the muscellaneous category of
“plasticizer" uses. The objective of limited restriction
became the basis for governmental persuasion of the
Monsanto Company to restrict its distribution and
siles of PCBs — in fact, the principal governmental
action.

Highlighting of the fact that true regulatory con-
trol by the Government was limited. became the text
for a plea for passage of a then-pending bill in Con-
gress to close this gap. A second objective. then, be-
caine the enactment of, the Toxic Substances Control
Act which would permit the Government to exercise
useful control of industnal chemicals at their source.

The regulatory tools which the Government did
possess in this case permitted enforcement action
alter PCBs were found in fouds for human consump-
tion and in animal feeds. Here, the FDA and the
USDA re-stated their thresholds tor uction {(which
had been evolving over the previous four years), and
announced the strengthening of their monitoring and
analytic elforts, The other avenue of governmental
control was that over industrial effluents and ambient
water quality, Here, the Environmental Protection
Agency stepped up its effort to assess the foreign
chemical content of waters downstream from plants
manufacturing PCBs and the Justice Department was
close behind with enforcement teeth.

INFORMATION

The PCB “‘decisions™ were perhaps among the best
informed of governmental actions of this type in re-
cent years. There was, it turned out, a certain body of
scientilic and technical knowledge about PCBs and a
modest ducumentation of past experience. In addi-
tion. this information was better assembled and
analyzed than was usually the case. Perhaps time was
an important {actor since time was permitted {or deli-
berate and reasonably careful study and reflection
before decisions were announced. Thirdly, there was
more opportunity for public airing and scientific
interpretation before decision-making than is usually
the case. A Swedish scientific meeting on PCBs had
been held in 1970.% The Oflice of Science and Tech-
aology had begun its review and analysis of PCBs by
December 1970, and the results of its analysis were
made available as they emerged. The Government’s
own scientists teviewed and interpreted the base of
technical knowledge over roughly six months begin-
ning in September 1971, In December 1971. a third
forum of scientists was convened by the NIH to re-
view much of the same material. Thus, the process of’
interpretation and maturation of data by scientific
peers — while characteristic of the traditional scienti-
lic process but unusual in regulatory decision-making
~ was played out in this case.

The processes of review in this ase exphaitls
sought information for a broadly-based Jecision
Thus, there was a dedicated attempt. for example. to
determine the benefits or utility of PCBs and ot (he
costs that could be expected if their uses were re-
stricted or denied. This information was fater found
to have been highly influential and important m
formulating the Government's position.

One other element of information which proved to
be important was the analysis of environmental distri-
bution and dispersal. The analysis itselt was some-
ching of an experiment. It was reasoned eorly on by
the participants in the OST review that 1t should he
possible, starting with some elementary miormation
on total amounts ol PCRs produced. and patterns
distribution in commerce and disposal. and srmed
with a certain elementary understanding of phy sical
and chemical properties. to build 1 modet predicting
PCB distribution in the environment. This, i tagt,
was done, and the coeiticients used in the model were
partially tested or “validated™ aganst the phnsical
measurements of PCBs in the environment which had
been reported in the literature. This exercise und the
information from it became the basis, fur example, v
the judgment that PCBs used in electrical capaciiors
disposed of in the earth by burying in landfills would
not be expected to migrate very far through the o
and would not represent a sigmficant source of en-
vironmental potlution.

IMPLEMENTATION

The principal ““decisions™ deriving from this exercise
were (o restrict PCBs to “closed-system™ electnicul
uses. There socon emerged a few additional issues
which reflected either loose ends or areas which Je-
serve some additional study.

The principal reasun lor denying the use oi PCBs
as heat-exchange fluids was to avoid accidental spilis
and leakages of PCBs into foudstulfs (where heat was
used to “pasteurize’ the foud material). Huwever,
there were often PCB heat exchanger applicativns
One of these, for example, involved the use ot hemt
on off-shore oil rgs to mantain low viscosity of the
vil. PCBs had been chosen here because of the charac-
teristics ot high thermal stability and low probability
of fire and explosion. and many of the heat exchange
devices had been designed specitically around the use
of PCBs. Denial of the use of PCBs in this case ruised
the spectre of an increase in the number of tires in
off-shore oil rigs oc the continued use ot PCBs from
imported sources.

This general question of worldwide (as vpposed v
US.) production and use of PCBs, became a matter
of immedia(e concern. There wuas an early visit ol a

from the Swedish Government to the
Ofﬁce of Science and Technology. The lantt Com-
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mission and the Customs Bureau were pressed to
swarch for signs of imported PCBs.** Perhaps most
useful was the fact that the OECD was persuaded to
take up the question of the industrial production and
commercial use of PCBs in the industrialized parts of
the world. PCBs, in fact, became the major example
of intergovernmental “consultation” in a mechanmism
which the OLCD had established tor this purpose.
The U.S. pousition and the information behind it be-
came major elements in the OECD pusition paper™®
and in the deliberations at the OECD in November
1972,

Trace amuunts of PCBs in packaging muterials be-
came a matter of particular concern. In part. this was
due 10 uncertainty over their vrigin. There was some
evidence that trace quantities ol PCBs were magnitied
in the process of recycling paper. To the extent that
this was true, the Government and national policies
aimed at recycling were seen to be in possible jeopar-
dy. One of the principal mutives for exploring this
paiticular issue, apart from the cconomics of paper
and cardboard production, was the contamination of
food wrapped with PCB-containing paper. There fo}-
lowed, therefore, a series of investigations by the
Food and Drug Administration into the process and
rate of migration of PCBs from packaging materials
into foodstuffs which the packages contained. In
December 1972, the FDA produced an Environ-
mental import Statement (perhaps the only one of its
kind from that agency) on its propused rule-making
for PCBs.}” Among other things, this document sum-
marized the FDA investigations and positions regard-
ing PCBs and packaging.

CONCLUSIONS, OBSERVATIONS, AND
RECOMMENDATIONS

The Government “decisions’” on PCBs constituted an
unusual regulatory exercise compared to much of the
experience of the past few years. In the first place,
the Government's position was generally well pre.
pared. Related to that was the fact that time was
taken for deliberate study and deliberate action, even
in the lace of public vutcries for immediatc action.
Thirdly, the “decisions’™ were taken without much
tangible legal authority for governmental control.

1 Letter from Alvin Alm, Council on Environmentai Quali-
ty. to Mr. Vernon Acree, Commissioner. Bureau of Customs,
22 June 1972,

» Organication for Economic Cooperation and Develop-
ment, bnavironmental  Directorate, Sector Group on
Unintended Occurrence of Chemicals in the Environmeat,
- P for concerted action,

Poly 2t [
13 October t972.
Y Food and Drug A ation, Finsl

impact statement. Ruie making on polychiorinated bipte-
nyls. Department of Health, Education, and Weifare, 8
December 1972,

They represented, instead, persuasion and volunian
action. It is worthwhile. perhaps. to examine some ot
the factors which contributed to any successes that
can be claimed.

I The PCB decisions represented. perhaps. a some-
what more manageable challenge than many
Only a single U.S. manufacturer was involved.
Further, the majority of commercial and indus-
trial uses and the major users were known,
There was some information which proved useful
in decision-making. Quanutative ligures showing
praduction were provided — albeit unly aiter 4
delay - which wese essennial in determuninyg the
scale of the problem and its change with time.
Similarly, the corresponding figures tur com-
mercal distribution were essential in ascertaming
the patterns ot hunwn use and dispersion. To
complement these data. there were at least some
results of physical measurement and monitonnyg
of PCBs in the eaviconment oc indices of Jis-
persal.

In terms of hazards. there was a legacy or a1
least some documentation of previous humun ex-
posure and some laboratory data. However.
many questions remained. Perhaps, most unpor-
tant. was the luxury of critical review in fact.
severa) critical reviews) of this information. Fur-
ther, these reviews engaged some very yuod scien-
tilic talent — both inside and outside the
Government and 1 2 way wiuch permitted the
decision-makers {0 be very weil informed of their
advice.

In terms of benefits, a specific analysis was
commissioned ol the utility and essentiality ol
PCBs. (1t is interesting to note that while this was
done well, the National Bureau of Standards en-
tered into this exercise very reluctantly. seeing in
it the perils of the battery additive episwde of
some years before.)

Finally, there was performed the unusual
but highly useful attempt at modeling the pat-
terns of rates and routes ot distribution vl PCBs
in the environment. This was done lor the most
part as an experiment to determine whether such
an exercise could be performed. It did. n fact.
provide some usetul and immediate insight.

3 There was a single spokesman tor the Guvern.
ment. The agencies involved early determuned
that the PCB question cu( acruss several Jepart-
ments. This, by itself, was probably not per-
suasive and the joint request from the FDA and
the USDA to the OST to “take on™ the PCB
question arose also from a desite on their part to
push on to someone else a tough or “hot” de-
cision, [t should be noted. alsv.that the OST had
already begun a review of PCBs.

The fact that there was a single spokesman

-
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pruved important in arriving at an orderly de-
asion. The Monsanto Company insisted on deal-

ing only with a single spokesman after months of

unconnected and lrustrating interchanges with a
variety of Government agents. The fact that
there was a single spokesman also undoubtedly
made it easier to amass and analyze in an orderly
fashion the variety of information from several
sousces. The fact that it was an Executive Office
spokesman was probably important in soliciting
certain other studies in parallel (such as the
National Bureau of Standards’ study of benefits)
and the review of the Government-wide legal
option (ue regulatory action.

Although already mentioned, the scientific infor-
mation (especially that related to bivlogical ef.
Yects) underwent the benefit of several reviews.
This had two salutary effects. [t assured scientific
interpretation by peers and it developed a con-
stituency among scientists for the decisions
uitimately taken.

The decisions were deliberately broadly-based.
While this may appear elementary, this facet is
generally not characteristic of regulatory de-
cisions conuerned with human heaith. Both bene-
fits and hazards were explicitly explored.
E c q were dered. Each
of several avenues of possible action was ex-

amined in turn, Again, a singe spokesman Tor the
Government and one placed abuve the opeitng
agencies was probably a necessary feature in ihis
broad examination.

The decision process was a relatively open vne
The (act that thete was an interdepartmentai
Task Force was public knowledge from the out-
set. The Task Force published its tull report.
Similarly, the reports of the OST Panel on Haz-
ardous Trace Substances and the report of the
NIH meeting on PCBs were published. Funther,
science writers and other members of the press
were specifically invited to participate in the NIH
meeting. (Note that the question ot freedom of
information was 1 matter of some concern duing
the deliberations of the Interagency Task Force
in the Office of Science and Technology.")

Time was permitted lor deliberate decision.
making. At one point, in fact, the Commussioner
of the Food and Drug Administcation held o
press conference in which he spectically an.
nounced that he woutd not proceed with un vut-
right ban on PCBs and deterred to the siudy
process that was then underwsy.®® This.
course, contradicts the classical argument which
insists that Governments /st make regulatory
decisions immediately without the luxury ot ume
tor good decisions.
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Technology, The Past and the Future

Philip L. Boreano

Uni ity of Wi

ABSTRACT

This paper presents an overview of forecasting and
social indicators and discusses some of the difficulties
which are encountered in the methodvlogy. An at-
tempt is made to consider these factors in a political
context.

Ascertaining the future has been a human concern
since ancient times. Greeks would travel to Delphi
where the priestess of the Oracle would forecast for
them (usually biguously). and R would
study the entrails of birds and animals. [n the East,
the | Ching was developed. Astrology has been prac-
tised in many cultures and retains its vitality even in
post-industrial times. The scientific method itself is a
form of for ing: when Mendeleyev constructed
the periodic chart. one of its functions was to predict
the exi of undiscovered chemical el Ina
non-technical area, Justice Holmes once defined the
law as a prediction of what courts will, in fact, do.
People engage in futurology in order to understand
the present and its contradictions: in order to under.
stand future possibilities and the alternatives open for

hington, Seattle Washington 98195

Beginning around the turn of the century, specula-
ton on the future commonly involved speculativa
about technology. Thomas Edison made lorecasts
about the applications of electricity in popular maga-
zines from 1910 to 1914 and Charles Steinmetz of
General Electric wrote an article for Ladies’ f{ome
Joumnal in 1911 discussing home uses of electricity
After the First World War, U.S. General Billy Mitchell
predicted the importance of aviation tor mulitary pur-
poses and was such a vigorous proponent of his con-
clusions that he was court-martialled. In 1920,
Scientific American published 65 predictions tor the
year 1995: the predicted events in general occurred
much sovner than expected, and of course some 1m-
portant breakthroughs were not foreseen at att.

The current increased interest in forecasting, and
the attempt to develop methodologies of some nigor.
can be generally associated with the high techno-
logical level of contemporary society. More particu-
larly, this development has been strongly influenced
by the military (and to a lesser extent by the asso-
ciated space interests). The impetus here has been to
anticipate enemy innovations, to suggest areas tor
technological investment and to improve ongoing

choice: in order to set up goals and obj , to
construct utopias; and in order to investigate the im-
plications of social change because, since change is
not neutral, its burdens fall unevenly. Predictability is
inmportant because it is intimately tied to notions of
security, stability, and the ability to plan. In other
words, most of us have a gut reaction that if we can
know the future, we can control the future.

Copynight 2 hy Phlip L. Bereano

s arucle is from the forthcoming book. Technology as a
Socwi and Politicst Phenomenon, by P.L. Bereano (John
Wiley & Sons, Inc., 1976). It derwves in part from work done
under Nutional Science Foundation, Grant No. GY-8328.

* Parts of this paper derive frum work done by a colleaguy,
Michael Teel.

h and devel , and to foster analytic
techniques which would be used directly lor tacticat
and strategic planning. tn other words. modern fore-
casting is clearly goal-oriented and linked 10 the no-
tion of control.

Forecasts may be described by general charac-
teristics. For example, we may distinguish between
technological or non-technological predictions. An.
other distinction is between exploratory and norma-
tive forecasts. In an exploratory forecast, we start
with today's knowledge base and look towards the
future: in other words, with a materialist perspective
we lovk at what might be probable scientific develop-
ments, innovations, and inventions as weil us the
characteristics or bilities of new technologies. An

P
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example would be extrapolation, A normative fore-
cast, on the other hand, is based more on future
goals, needs, desires, and values: in other words, from
a non-materialist orientation one would work back-
wards to the present in order to facilitate change and
assure that the desired goals are served. Scenario writ-
ing is an example of this rtechnique (vbviously,
normative forecasting raises important issues as to
whose goals and whose norms are used in the con-
struction of the desired future state).

Anvther classification of predictive techniques
divides them into explicit and implicit. Explicit meth.
odologies are those which are consciously based on
various environments of events which structure tech.
nologcal change: in other words, a methodology
wiich might be looking at developments of 4 particu-
lar technology but emphasizes the etfects which eco-
nomic, political. sociological, and marketing factors,
as well as other technologies, have on the subject
technology. In contrast, an implicic methodology is
one which does not focus on the external
environments (for example most extrapolations are of
tlus type).

Increased pressures for systemization of forecasts
arise from a suspicion of intuitive processes, a desire
to render information more explicit. functional at-
1ributes of prediction which tend to favor hierarchical
organizations and the exercise of power by those in
key roles, a desire to speed up change and ~ as men-
tioned — to control it,

PREDICTIVE TECHNIQUES

Some writers have identified over 100 proposed fore-
casting methodologies.! All of these techniques
should be judged by the criteria of what they can tell
us about the future magnitude of the variable being
studied and what degree of certainty or confidence
we can place in them.

Trend extrapolation is perhaps the most familiar
predictive tool. With it we read the future by study-
ing the past. it comes in five varieties, but each of
them shase two basic assumptions: that the forces
which have created the past pattern are likely to con-
nuye, and that the forces which have created the past
pattern are likely to extend that pattern. In other
words, trend extrapolation is an evolutionary mode
of analysis; it is unable to forecast radicai changes. [n
addition, because of its heavy reliance on past data,
the accuracy of this base information is of critical
importance. The first subtechnique here is that of
“persistence”’, Very simply stated, this method is
based on there being no change in the future. For

' Sge Jantsch, K. C casting in persp
(Organization for Economic Co-operation and Development,

Paris 1967).

example. records indicate that about 707 of the time
the weather tomorrow will be just like 1115 tuday.
thus, one can predict womorrow’s weather with con-
siderable accuracy by lovking out the window
(modern meteorology, it should be noted, has ruised
the level of accuracy to approximately 85--90%). The
next method is periaps the most common: “tra-
jectory™ (or “*projection” oy sometimes just “trend”),
This is our old friend “extending the curve” The
assumption here is that while there s change, the
change is stable. Although projections may be per-
fectly fine in the short-run, they can lead to nds-
culous leng-term claims if taken litarally, There is the
story that in the early days of the telephone systein,
one of the Bell analysts made the startling Jiscovery
that. based on their experience at the tme. by an
ascertainable future year the demand lor telephone
operators would exceed the tots! temale population
of the United States: sexssm is not the only error in
this prediction, because the technique could not {oce-
see the introduction of superseding technologes
mechanical and then electronic operating equipment
A variant of trend analysis. the use of envelupe
curves, may be helpful in dealing with ths latter
problem. A macrovariable (such as “vehicle speed™)
may be plotted against time and separate curves
created in a series in which each individual curve rep-
resents a Jevelopment of a single device or techmque
which, when its improvement begins to run up agirnst
natural barriers and its development slows Jown, is
weplaced by a new technique represented by a new
curve within the overall envelope.

The third torm of trend extrapolation is called "oy -
clical”. Here it is posited that the underlying pattern
is stable and recurcdng. This technique is helptul tor
the prediction of certain natural events such as the
return of comets, sunspotting, and insect infestations.
It also plays a role in astrological calculations. A
fourth technique is “‘associative™ or trend correlation.
fn this method, one uses data from one event or vari-
able in order to predict about another. The ussump-
tion here is that there is a stabie relationship between
the two, and this might be, for example. a cause-and-
effect refationship. Usually the two variables are on
similar levels of complexity, but many fortune-telling
devices — such 3s reading tea leaves o1 cards — use
very different event sets. Finally, we may classity cer-
tain extrapolation techniques as “analogue”. Here
there are also two sets of events but one is explicitly
simple or familiar and the other complex and,or
unknown: the technique is based on first making 1
prediction for the familiar event set and then trans-
ferring over the reasoning to the complex one. Such a
technique underlies the modern notion of modeling.

Models and garming have assumed such importance
and frequency in contemporary forecasting that they
can legitimately be described as a major category on
their own. The construction of a model or game is
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always beset by two oppusing desires — to create a
simple enough model so as 10 be able to manipulate it
conveniently and yet not to abstract it so much that
it loses meaningtul relationship to the real world,
What frequently happens is that the factors or vari-
ables in the model (each of which has error possi-
bilities} are manipulated o such an extent that the
potential for error in the outcome is quite large.

The Delphi technique is a “scientitic™ resurrection
of the old visit to the Oracle. This is an intitive
process relying on a group of wise people who are
sent sequential interrogations or guestionnaises inter.
specsed with information and opirion and with feed.
buck derived from earlier rounds as iterations. Usually
the pueple answer these questicns anonymously, and
the desire is to minimize the influences of personality
and status. A question on a Delphi study might be of
the form: when will technology x be developed?
After all the answers have been received, usually the
analyst eliminates the extremes: for example, a com-
mon practice is to report just the mid-50% of re-
sponses. 1 the responses coflect about more than one
mode, we can assume that there are different under-
lying assumptions which can be explored in turn, The
limitations in Delphi studies involve the selection of
the experts, and the design of the questions.

Scenariv wriring is a process in which statements
are made about sequences of factors which might lead
from one situation (the present) to another, The se-
quential steps are related by probabilities, often of a
conditional nature. Some scenarios focus on the
description of the end state or social future, others
are more concerned with the transitional processes.
The idea is Lo develop knowledge about likely events,
interactions, and future branching points at which de-
cisions will be made by forcing the analyst to deal
with details and dynamics otherwise easily overlooked.
This technique has usually been employed in
economic, political, and social spheres: in other
words, to describe the environment for technological
change. Utopian literature falls within this category,
as does a more analytical wock such as Kahn and
Weiner's The Year 2000 (although these authors use
scenarios. they say these are not predictions at all).?

The idennfication of all possible means to a given
end is sumetimes given the fancy name of morpho-
logical analvsis. Hete a checklist of possibilities is
created by identifying the problem or end state ac-
curately, identitying all of the characteristic para-
meters, and dividing all the parameters into their
states or cases. One example in the literature concemns
possible jet engines.” The alternatives are:

* The ford Foundation's kncrgy Policy Project made con-
siderable use¢ of three scenarios (historical growth, techno-
lopical fix, zero-energy growth) in its report, A time to
chaase (Ballinger, Cambridge 1974).

>n Ayres, RU. ing and |
planning, p. 73 (McGraw-Hill, New York 1969).

Parameter and States Voo of States
1 Intrinsic or extrinsic chemically active mass 2
2 Internal or external thrust generation 2
3 Intrinsic, extrinsic, or zero thrust augmen-

tation 3

4 {nternal or external thrust augmentation M

5 Pusitive or negative jet M
6 Possible thermal cycles (adiabatic. iso-

thermal, etc.) 4

7 Medium (vacuum. air. water. earth) 4
8 Motion (translatory, rotatory, isolatory,

none}) 4

9 State of propeilant {gas, liquid, solid) 3

10 Continuous or intermitient operation 2

5

1t Selfigniting or non-self-igmting propellant

The total number of combinations described by
these parameters and their various states is 36564, OF
these, 25.344 appear to be pussible. Gne of the uses
of the morphological analysis such as the above is
that it may lead to new inventions by suggesting pos-
sibilities for further exploration; what 1s probable.
and where does a new item (it in regard to the exist-
ing state of the art? A morphological analysis may
also reflect the era in which it was performed. The
above example was constructed in 1951 and therefore
could be augmented by more recent knowledge about
nuclear state variables: however, a tirst exercise ol
this type done in 1943 contained only 576 possibili-
ties.

A form of morphological analysis which stresses
the known ways of achieving a certain capabihty is
called the contingency iree. These may be categorized
as either “directed” or “undirected”. The lormer
type of tree consists of networks which lead to 3
stated objective. The idea is 10 identify those condi.
tions which are necessary to achieve the objective
(functional prerequisites) and those which are sut-
ficient (alternative means of achieving sub-goals).
Each subobjective can be further broken down. Asan
example, we can list the major technological develop-
ments which were necessary to achieve a Polans sys.
tem*: nuclear reactors for marine propulsion.
accurate self-contained inertial navigation and gud.
ance systems, solid-tuel rocket boosters. compact
nuclear thermal warheads, and ablating re-entry nose
cones. Undirected contingency trees are exploratory
forecasts which do not aim towards a specilic goal.
The purpose is to explore the vanous consequences
which might follow trom a particular hypothetical
technological devetop t. This technique highligh
technical interrelationships between the subject tech-
nology and those beyond it.

Another form of morphological analysis is the
relevance tree. These are networks of relationships
organized into one of two complementary types,

* Ihid. p. 90.
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“horizontal” or “vertical”. A horizontal relevance
tree is designed to lead to the detinition of specific
objectives, to be a guide to areas of threat or oppor-
tnity. Us purpose, in other words, is identification
and guidance rather than solving a problem. When the
specific  objectives are identified these may be
arranged in a vertical tree which is nothing more than
an hierarchically linked pattem of objectives useful
for normative forecasting.

CRITIQUES OF FORECASTING

In large part. the attention given to forecasting as-
sumes that societal problems are due to surprise
rather than to inditference: it is not at all clear that if
we could truly anticipate a troublesome future we
would have the social willingness to be able to al-
leviate it,

Many predictions have a limited utility because the
analyst either engaged in oversimplification or lacked
the necessary imagination ur nerve. At the other ex-
treme, some f exhibit overcc tion and
excessive fantasy. It is often difficult, but necessary,
to transcend the specific technological, political. and
social contlgusations of one's own circumstances
{which was not done in the above example of the
telephone system). fncorrect calculations ate an
obvious, but recurring, problem. The choice of the
time span over which to predict is also critical, since
uncertainties and accidents will be more likely in a
longer period. A common error in prediction, also, is
a failure to anticipate the effect of converging devel-
opments; the subject of the forecast will be in-
fluenced by changes in its future environment.

This leads to another common drawback with pre-
dictive technig - the pti of stability
which underlie many methodologies. Many functions
are not continuous over time. many developments are
not evolutionary. Discontinuities, revolutionary
changes ~ in either technologies or social structures —
do occur. It is a faive form of technological deter-
minism which ignores chunges in competitive system
relationships and the supplanting of one structure by
another. [t should be noted that some interesting
work has been done which focuses on this specific
experience: “‘substitution analysis” is an sttempt to
document the way in which one technology supplants
an earlier, competing one (for example, the replace-
ment of natural fibers in clothing by synthetics).

We should also not fail to ignore the relationship
between predictive techniques and normative con-
cems. Our attitude towards forecasting usually is
tied to an ideological position or political philosophy,
eveq if it is not acknowledged. Qbviously, the ancient
problems of free will are invalved here: Can we create
the future? Are individuals and societies autono.
mous? Forecasting, as it has primarily evolved in this

socicty. has increased centralization and the power 1
organizational hiesarclues. By emphasiang the mer-
actions of vrganizations and groups (tather than m.
dividual diversity), forecasting has attempted tu maie
large organizations more effective. As 4 result. tore-
casters and kindred analysts are placed in elite roles.

SOCIAL INDICATORS

Closety aligned with the concept of totecasting w the
recent development of social ndicators. Forecasuny
is concerned with predicung the Tuwre, but inds
cators may be thought of as telling us where we ace
now, especially in relanonship 1o where we have been
and perhaps m the light ol where we would like 1o be
A socual indicator may be defined as

3 statistic of direct normatee terest whwh
tacilitates conoise, comprehensive. and babsnoon
judgments about the coadition ol munor sspects
of the society. It 1s in all cases a direct measure
o welfare and s subject to the witerpeetition
that et it changes in the “nght™ direction. while
other things remain equal. thuings have gotten
better. or people are “better vt

fn other words, social indicators are not merely stats-
tics or raw information, but the orgamzation of that
information and measurement within the tramework
of a trend. They are not absolute but ielatne. They
are also normative. because one of their functions 15
to tell us whether or not things have imprused. Pe
ponents of social indicators claim that the techmgue
will help decision-makers in 1ational planning and
societal management. It should also enable society to
set priorities and 1o cvalvate programs by measuring
the degree of attainment of stated goals: in thus light,
it is better for an indicator to retlect social outputs
rather than inputs. The development of social indi-
cators is strongly tied to improved and rationaliced
data gathering.

In many ways, the development of socisl indi-
cators was predicated on the earlier work Jone i
regard to economic indicators. Over the past 30 vears
of so, we have all grown familiar wath economic sta
tistics presented along a trend or spectrum where
their position indicates a more or less desicable state
of arfairs: unemployment statistics, cost-ot-lising 1n-
dex, Dow Jones stock market average. and the like.
What was there in tlus earlier experience in economs
which led other social scientists to try to develop
similas tools? Beginning with the Depression und
World War (I, the U.S. was much more willing (v
embark on explicit economic planning, Despite the

7 U.S. Depwriment of Heabth. Education, and Weifare
Toward » social ceport, p. 97 (Government Prnting Offige,
Washington 1969). The seven areas investigated in this dncu
ment are heaith, mobility, environment, poverty. crime
educaton, and alienation.
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\aissez-laire capitalist myih, we have experienced
pnce and wage controls, regionai economic develop-
ment programs. conscious alteration in tiscal policies,
and similar, governmental involvement in the econ-
omy Tor the purpose of certain economic objectives,
Social scientists in other fields may have lelt like
second-class  academics as  postindustrial society
arrived. Economists, 1s the “hardest™ of the social
scientists, were moving close to the centers of power
as consultants and advisers, and plunging into quanti-
fication and other apparently rigorous methodologies
(ahthough sume ot thus. at least, appears to be a lalse
seirntism). The economists developed indicators. they
devised claborate accounting procedures (most nota-
bly the Gross National Product), and they began to
exercise an important influence over governmental
decision-making, with the development of benefit-
cost analysis and PPBS (Program Planning and Bud-
geting Systems).’

Social Indicators 1973, a recent government pub-
lication, prepared by the Office of Management and
Budget with the assistance of the Department of
Commerce, examined eight major social areas in
which improved social statistics and analysis were
seen as necessary to reflect broad social concern:
health, public safety, education, employment, in-
come, housing, leisure and recreation. and popula-
tion.” The study claimed that for each indicator there
was a widely held basic social objective or definition
of a satisfactory condition: “‘good health and long
life, (reedom from crime and the fear of crime, suf-
ficient education to take part in society and make the
most of vne's abilities, the opportunity to work at a
job that is satisfying and rewarding, income sufficient
to cover the necessities of iife with opportunities for
improving one’s income, housing that is comfortable
within a congenial environment, and time and oppor-
tunity for discretionary activities.”® The authors
claimed that for each cf these social areas one or
wore indi l of imporiant
aspects of the concerns, have been identified.

Ideally, an indicator would show, in a timely
fashion, the status of the population in reiation
to a particular concern, [t could be disaggre-
gated to show which groups of the population
were uaffected, and it could be linked statistical-
ly with other indicators to relate change in one
condition to change in another, Thus, an indi-

* A good survey of the history, prahlemn and frame of mind
of the of i R.: Changes in
weial atlitudes monitored in bmnd sueveys of (he ‘quality of
nh w York Times, p. 1. 20 August 1973 See, alen. Shel.
. and Parke, R.: Social indicatol icience,
PF 69) 699 (16 May 1975): and Wilcox et al.: Social indi-
vators and societal monitoring: An annotated bibliography
(Elsevier Scientific Publishing Co., Amsterdam (972).

¥ secutive Office of the President. Office of Mansgement
and Budget, Suclal indicatoes t973 (Government Printing
hington 1973).
* Ibid, page xiii.

cator would reveal not only the status ot the
population in relatton to a4 perceved sovial
objective. but it would also furnish some 1dea
of what forces were influencing that status. At
the present time, not enough is known ahout the
cause and effect of social conditions to develop
such ideal indicators. Rather, the ndicators
presented in this publication represent simply o
first step toward the deu'lofvmenl ot 3 more
extensive indicator Tystem.

The indicators chosen were based on two main o)
teria frequently overlooked m past work: thut they
measure ndividual and famidy - rather than mstitu-
tienzt or governmental - well-being. and that they mea-
sure outputs of the social system rather than inputs

As an example, the accompanying ligure 1s a tiny
tragment from this 238-page twpoit which 1s
crammed full of graphs, charts, and 1ables. Of cuurse.
it lacks the sense ol breathless excitement cunveyed
by the original four-cotor illustration (red. hght blue.
magenta and black). The accompanying text reads

EMPLOYMENT OPPORTUNITIES.

The unemploy ment rate is the proportion ol
persong in the civilian labor foree whe o noc
have jobs but are actively (ooking for work. The
civilian labor force is made up of all nomnstitu-
tionalized civilians 16 years old and vider who
are employed or unemployed. ( The totul labor
force includes members of the Armed Forces as
well.) The seventy of unemployment may be
judged in terms of the duration of unemploy-
ment {the number of weeks) and by the num-
ber of spells ol unemployment in a year.

The unemptoyment rate is based upon 1
monthly survey in which household members
are asked a series of questions, one of which
seeks to find out if 2 person who does nut have
a job looked for work at some time during the
preceding 4 weeks. Those lovking foc work are
considered in the labor force but unemployed.
Those not looking [or work {even if they say
they would like work) are not considered in the
Jabor force and are not counted as unemploy ed.
Thus, those who have become discouraged with
the lack of opportunity to lind work ind have
stopped looking are not included in unemploy-
ment statistics. [nformation on this group. the
so-called “hidden unemployed™ is given in
{another chart].

The information is disaggregated along many dit-
ferent purameters, but what does it tell us? ls society
getting “‘better”? Note un the graph that unemploy-
ment dropped in the late 60s. This was the period of
the Viet Nam buildup (and members of the Armed
Forces are included in the ranks of the employed): is
increased militarism “good™” for society because
provides Jobs? This period aiso saw the benning o' a
major infationary trend (also related to Viet Nam,

Y Ibid.

Jowrenal of the International Sociery for Techuology Assessment. Spring 1976 41

MONS 085109



7
TOTAL UNEMPLOYMENT ’.

1947'48 50 52 54 ‘56 58 ‘63 '62 ‘64 ‘66 ‘88 70 ‘12

ligure 1. Unemplovment Rates: 1947- 1972 bv Duration *

*Soutce: Socual Indicators 1973, page 112.
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because Julwison tied (o linance the war without
1ax increase which would have added to its political
unpopulanty: inflation tends to reduce unemploy-
ment because vl increased expenditures. so is it
“good™ Tor the country? People who have given up
Jooking for work because they ure too discouraged
(1.1 allion e April 1975 are not even included m
the unemployment rate. the sovial statistic which is
used in Congress and elsewhere during policy debates.

Is the sovul indicator movement another example
of techmologaal Jeterminism, another mechanism by
which a burgeoning technocracy attempts to monitor
and control social forces? This is an importast thresh-
old issue Some of the proponents ol these new statis-
tivs argue that they sepresent 3 radical change und 1
liberalizing humanism. Maybe these individuals, like
Lady Muacbeth, protest too much: the social indi-
cators movement may be u mere aping of prior
developments in the field of economics and 3 part ot
the quest tur power [Uinay be another “technological
1ix” Tor social problems. Ls still too early to tehl.

The more successiul indicator efforts are in rela-
uvely “hard™ areas and 3 number have been devel.
oped for the environment.' One chapter of an early
annual report of the U.S. Council on Environmental
Quality was devoted to the subject."’

Some ol the difficulties with constructing and
using social indicators are methodological in nature,
Should the indicator represent an input to, or an
output of, the social system (for example, money
expended per pupil in elementary school or average
reading level auained)? Since in most areas we
do not have data exiending over long time frames,
there are difficulties in ascertaining the base line for the
indicators. Defining the indicator variable itself is not
easy either. What units should be used” In this regard.
economics has a much simpler task — money is most
{requently the unit selected. Once we move away
from dollars and cents to other variables, however, we
introduce a great number of problems: lack of com-
parability betwen different quantities, so that we can-
not express trade-offs the way the economic market
place does with the concept of selling price (how
many units of sulphur dioxide pollution are equiv-
alent to a unit ol airborne particulates?), nor effective-
ly aggregate and weigh vatiables (if “pollution™ is a
problem. how do we measure it in terms of summing
up contaminated air, dirty water, noise. pesticides,
radiological exposure, diminution of biotic diversity,
sltered possibilities for scenic and esthetic experi-
ence?). [ndividual preferences cannot always be casily
aggregated.’® What is the desirable scale for the vari-

'* See Thomas. W.A. (ed.): Indicators of environmental qual-
ity (Plenum Press. New York 1972),

' U.8, Council on E i Quatity, E

quality: The third annusl report (Government Printing Of-
fice. Washington 1972).

4 On the poaradox of aggregation’, see Arrow, K. A dif.

able - lucal, regonul. national. or gobul® A turther
problem not o be overfuoked concerms the sctual
measunng of the vanable of interest. To ave an
example. there are several technigues for attempting
to measure the amount of sulphur dioxide n the
ambient air, and the mterpretation of the numbers
arnved at may be dependent on such thungs s the
location of the monitoring station. Extrapoiations
and inferences udd other problems: the “poverty
line” is derived from estimates uf expenditures tor
one cequirement. foud. for 3 limuted emergency
period (therefore. not accounting for lung-term nuw-
ticny, multiplied by u tactor denved frum other
governmental statistics. Upon the result are hased
govesnment pulicies intmately affecung the tines o
about 30 million Amencans,

There are mure general, and even pulitical. prob-
lems as well. What arcas of social lite should we con-
centrate on. und how should we detine the gouls®
What 1s "goud™ and what is “better”™” Are soctal indi-
cators really non-idevlogical”™’  IF we look at the stes
of crime stalistics, reported every vear by the Federai
Bureau of Investigation, we should notice that certan
criminal activity is included because it happens o tall
within Federal jurisdiction fauto theft). but other -
legal behavior {such as price lixing or the use ot
chemical wartare agents) are not part of the statistics.
(These statistics are also suspect because of the ¢ase
with which the raw data may be manipulated by the
local police departments supplying it, and the changes
in reporting procedures and emphasis which have vc.
curred over time.) Unlike economucs. tor social ndi-
cators there is no generally accepted social theory
purporting to explain the system's structure and per-
furmance; in particular, we often do not understand
cause and elfect refationships 1n a social system and
the best we can work with are merely correlations.
And information can alter ur distort political percep.
tions and preferences. Indicators share a questionable

ption with forecasting technig that soctal
problems are due to a lack of information rather than
2 lack of wilk: also, they ace simuacly premised on
stability and continuity in underlying trends. yet they
deal with change which may at times be more abrupt.

Increased information techniques always lead 10
questions about the costs incurred in making de-
cisions. They can also exercise an anti-democtatic
pressure i they result in a lessening of citizen partici-
pation because public issues are tied to a “scientilic”
jargon. Here is the fundamental paradox presented by
indicators (as well as prediction methodologies): tech-
niques which appear to increase rativnality and social
understanding may operate to overwhelm cinzen
comprehension, 1hus increasing social alicnation.

ficulty 0 the concept of xocial welfaee 1. Polit. boon
Pp. 328346 (August 1950).

" bor an early warning. see Kopkind. A.. The future plan-
ners, New Republic, pp. 19-23 (23 February 1967),
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ABSTRACT

Technology 1 is uswally considered to fuve
the dual function of developing information uas 10 the
full consequences of technolagical innovation, and of
shaping decisions as to the most appropriate uiiliza-
uon of technotogy. Very often. attention is concen-
trated on the first of these functions, to the exclusion
of the second. If it is undertaken for the purpuse of
influencing the implementarion of technology, tech-
nolugy assessment inescapably bhecones a political
activity, As such, it is subject 10 a wide und 1arving
range of pressures and challenges. (n ths article, par-
ticular attention is given to the pressures and chal-
lenges 10 which the assessment of nuclear power has
been subjected. From this case study. conclusions are
drawn as to the role of technolugy assessment within
a demacratic political system, and the critical impor-
ance of the structural and procedural aspects of such
assessments if they are to accompiish their intended
vbjectives.

INTRODUCTION

Technology assessment is, at the same time. both a
very recent and a well-established activity. As a fleld
uf intellectual inquiry and investigation. technology
assessment does not date back more than a lew years.
There is. of course, a much longer record of a few
individuals and isolated groups seeking ta identify
and evaluate the full social, political, environmentat.
and uther side-effects of particular technolugies and
technological systems. Much of this effort, however,
lhas been more sporadic than routine. Quite clearly,
the interest now evident in the routine and systematic
assessment ol the side-effects ot technotogical innova-
tion has developed, for the most part. only in the last
ten to fifteen years. And the emergence ot tech-
nology assessment as a distinet intellectual discipline

Thas taken place only in the past five of ten s oty

1 lovked upon as a torm ot political sty oy
an aspect ot the political provess. howeser -
nology assessment indeed has 4 long histon ¢
ment has long had the unigue responsiiniliny
protecting the interests uf those who may ~e o wi
have been. injured by the sctions of uthers e
important purpose ot law and sdjudivation has Sy
to peovide the means by which such sunes w2
compensated for. Thus liabihity Taws. when anpaed
matters involving technology . assign responsiviliny & -
any unintended but detnmental consequences o oy
ticular technological projects. individuais unden shn
such projects. are accordingly given strong in.entney
to identify and Umit the most serious o1 these vonse-
quences. Further, m some areas. such as pheciaceo
cal regulation. governments have taken 4 much moie
active 1ole in limiting the side-elfects of some 1e.he
nologies. And, on the positive side. it hus not been
all unusual Jor a government to activels upport
those technological innuvations wiueh hold e
promise of alfeviating a particular sucial problem, o
of providing a needed public service.

A situation such as thus suggests that the pracrial
experience guined in this lurter tuem of ussesstnin
would be invaluable to those seekmg more ertan
and effective means of achieving the tull objectives ot
technology assessment. In spite vt this. however, .t
would appear that vnly limited atrentioa has neen
given to this experience. It 1s the purpose - b
paper tu Tocus atENION VI AE SUCh dysessment
that of commercial nuclear power technoloy . which
has been carried out by the Umited States guvernmens
over the tast thirty years. As will become evident
below. this on-going assessment has several stgnitcant
aspects. OF interest here will be the unprecedentel
nature of this assessment, the procedural ad suh-
stantive guidelines followed in the ussessment. and
the pressures and stresses 1o which these ywidehnes
have been subjected.

Journat of the International Society for Technology Assessment. Spring 1976 QISTA - Internations! Socnt:
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THE ASSESSMENT OF
NUCLEAR ENERGY

As an example of technology assessment, U.S. govern-
ment policies tor the development und implementa.
tion of nuclear power reactors are quite unigue and
inportant. One very critical aspect of technology
assessment s that explicit attention be gisen to iden-
utying and evaluating the probable consequences of a
echnology wetl before it 1s inplemented. While this
may be a desirable goul, it certainly has not been
walized  wah many  technologies. An important
exception to tlus, however, is nuclear energy. [ts full
assessiment was mandated in taw well belore there was
even any certainty that it had any commercially prac-
tical uses. The unigqueness of this situation has
prompted the comment that the Atomic Energy Act
of 19406, wiuch mandated this assessment:

s a radical prece of legislation - in some
respecis as radical and unprecedented as the
scientfic discovery that occasioned 1t 1tis, in
sober fact, an avt without precedent in the
legislative history of this or any other country.
Never before have men i any state, standing on
the threshold of a4 new technological era, at-
tempted to provide in advance for rational
control of the forces to be unleashed.

The major impetus for controlling this technology
of course, wis due (o its obvtous international and mili-
tary implications. Beyond this. however, was ulso a
growing concern for the non-military tisks and dan-
gers pused by nuclear energy. Rather early in the
development of this technology it was recognized
that its use would create some very serious hazards
for the public. Indeed. the government was quick to
conclude that, as a3 means of generating substantial
wnounts of electricity, nuclear energy was . .. by
long vdds the most dangerous manulacturing process
in which man has ever engaged.”? And it was clearly
recognized that some means had to be found for con-
trolling. if not eliminating. these dangers.

The Atomic Energy Act established the legal and
orgamzational leatures of the assessment of nuclear
energy. For une. it created the Atomic Energy Com-
nussion (AEC) and gave this agency nearly complete
power to control the development and implementa-
1ion of 1his technology. Among its powers, the AEC
wus suthorized:

1 To license the manufacture of any equipment ot
device utilizing nuclear energy.’

' Newman. . R. and Miller, B.S.: The control of atomic

energy. p. ) (MeGraw il Book Co . Inc., New York 1948)
Nomie Foergy Commisson: Eighth semianaval repart;

p. J {Government Printing Office. Washington 1950).

P ihe Atomie Frergy Act of 1944: (Public Law $8S. 79th

Congress, 60 Stal. 785-7%). Secion 7).

1 To take ownership of anv matenal Tound (o he
capable of releasing energy  through nuclen
tission.*

3 To restrict and controt the use. pussession. and

dissemunation ol mformation. patents. and inven-

tivny found to be essential to the unlization o

nuclear energy

This Act lurther required the AEC to exercise its
puwers in such a way as tu protect both nationd)
secunity and public heatth and safety. Lastly. this taw
authorized the Commission to adopt and entorce such
rules and regulations @ . may deem necessary ur
gesirable to protect health or 10 minimize dunger
fiom explosions and other hazards to lite ur
property.”™*

From the perspective of subsequent interest in
technology assessiment, the Atomic Energy Act is -
deed important. At several places in this law, the
Cungress explicitly stated its imntentions tegarding the
full assessment of nuclear energy. At one pomt, the
luw states:

The effect ol the use of dtomic energy Tor
cvilian purposes upon the social, economi .
and political structures of today cannot now be
determined. . . . / Accordingly, it is herehy de-
clared to be the policy of the Umited States
that . . . the development and utilization of
atomic energy shall, so far as practicable, be
directed toward improving the public weltare,
increasing the standard of living, strengthening
tree competition in private enterprise, und
promoting world peace.

This certainty was a clear statement of congressional
intentivn that the development of nuclear energy not
proceed in such a way as to jeopardize significant
values held within the United States.

The Atomic Energy Act. of course, went far
beyond stating intentions and goals. Of significance in
this regard is the requirement of this law that:

Whenever in its opinion any industrial, com-
mercial. or vther non-mulitary use of fissionabie
material or atomic energy has sufficiently devel-
oped to be of practical value, the Commussion
shall prepare 4 report to the President staung all
the facts with respect to such use, the Comms-
sion’s estimate of the social. political, evo-
nomic, and internationat effects af such use and
the Commission's recommendations for
neces‘sury or desirable supplemental legisla-
tion.

Certainly few pieces of legislation enacted in this
country, or in other countnes, have been quite us

*ibid.. Section S,

b Ihid., Sections 10(3) and 11
¢ Ibid., Section |2(a).

7 Ibid., Section 1(s).

* Ibid., Section 7(b).
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explicit in mandaung the full assessment of a tech.
nulogy, and doing so prior o the implementation of
the technology.

THE SIGNIFICANCE OF THIS
ASSESSMENT

The ussessment of nuclear energy is significant tog
reasuns other than that it was mandated and begun
before the technolugy achieved commercial imple-
mentation, Beyond this. it is significant in that those
seeking 10 proceed with this implementation were
assigned the burden of proving that doing su would
puse no undue risks or dangers to the public: that a
strong role was assigned to a group of independent
experts in evaluating the nature and extent of these
risks: and that the public was assured the opportunity
of participating in this assessment process. As will
becume evident below. this assessment has achieved
quite varying results in ¢ach of these areas.

In secking a permit to construct 3 nuclear power
reactor, the applicant was required to submit reports
to the Atomic Energy Commission detailing the
nature ol the proposed reactor, the variety of safety
factors designed into the reactor, and the risks and
dangers that would be posed should the reactor be
built and operated as designed. For its part, the AEC
would issue such a permit only if it was satistied that
the reactor would not be *. .. inimical to the com-
mon defense and security, or 10 the health and safety
of the public."? In turn, the Commission translated
this date into the requi that the applicant,
among other things, ... provide, to the Commis-
sion’s satisfaction. reasonable assurance that the
proposed reactor can be constructed and operated at
the selected site without undue risk to public health
and satety.”'® Certainly not much clarity was added
in the AEC’s translation of this legal requirement into
its own administrative standards. In actual practice,
however, these standards have been gquite demanding
of the applicant. For example, the various reports
required of the applicant can consume between
several man-months and ten or more man-years in
preparation.”’

In addition to being reviewed and accepted by the
AEC's regulatory staff, the reactor application and
supporting teparts must be reviewed by the indepen-
dent Advisory Committee on Reactor Safeguards
(ACRS). This Committee, which is composed of a
variety of non-AEC scientists and engineers, traces its
history to the early years of power reactor develop-

* The Atomic Lnergy Act of 1954: (Public Law 83-703, 68
Stat. 919), Sectivn 104(d).

" Atomic Eneegy Commussion: Twenty.first semiannuai re-
port: p- 121 (Government Printing Office, Washingion 1957).
' Lawe, \V. W.. Creating power plants: The costs of control-
ting tvchaniogy. Technology Review, p. 28 (Ssnuary 1972).

ment. While s initial role was mamly an adiison
one. this was changed in 1957 [ byt vear the
independence of the ACRS was strengthened. and it
was requited to report publicly on s evatustion ot
each reactor license application. The etfect ot these
changes was 10 assuse that, as far as s pussible. the
ACRS repurts would be complete and impartal evalu-
ations ol proposed reactors.

The final aspect of this assessment 1y he examined
here is that of public participation, The Atoaue Lier-
& Act as amended in 1934, was quite explicit n
making this requirement “when .. granting suspeud-
ing, revoking, or amending . . . any licease ot canstiug-
tion permit .. . the Commussion shall grant 4 hearing
upon the request ol any person Whuse miterest mas
be atfected by the proceeding, and shall sdmut ans
such person as a party to such proveeding”™' \nd
even later changes in this law (ucther opened his
opportuntty tor public participation. On all applica:
tions to construct a power reactor. a publiv hearny
was made mandatory.™ The thinking behind (s
change is rather important - it was that “iull, nee.
and frank discussion in public of the hazards nolvel
in any particular reactor would seem to be the it
certain way of assuring that the reactor would indeeJ
be sal;c and that the public would be appused ot thus
tact.’

THE POLITICS OF ASSESSMENT

The evolution of this assessment of nuclear enerygy
over the last several years has been quite signiticant
and often dramatic. What once seemed to be a rather
well structured means of assessing and contrulling the
side-effects of this technology turned out to be uther
than it.seemed. [n the latter yeurs of its existence as
an independent agency. the Atomic Energy Commus.
sion lost much of its credibility as well as its control
over this assessment process. And, instead of pro-
viding a means by wihich those interested in and at-
fected by a particular proposed reactor could
participate in determining whether and how to pro-
ceed with this proposal, all sembiance of covperation
had been lost. ln tact, this carefully constructed Js-
sessment process came to resemble a bartle-ground on
which the contending parties maneuvered to achjeve
their objectives by whatever means could be devised.

As will become evident below. this disintegration
was largely due to flaws which soun became apparent
in the participatory features of this assessment. To
understand this, it is necessary to appreciate the re-

' Atomic Faergy Commission. up. cre . p. 120,

'Y The Atomic Knergy Act of 1954, Section 189(a),

'* Public Law 87615 (76 Stat. 3091 (1942).

** Extracts from committey reports on (987 amendments f
Atomic Energy Act. Joint Comnuttee on Atomic Faergy U 8
Congress, AEC liconsi dute: p. 1687 (G

Peinting Office, Washington 1971).
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sults ~ or lack of results — achieved in the public
hearings held on reactor proposals. Here the conciu-
sions of the Administrative Conlerence of the United
States are quite significant. After a lengthy review of
this assessment process, it concluded that the public
hearings had little if any impact on the licensing deci-
sion. Indeed, the Conterence’s conclusion was that
“There hus never been an instance in which reactor
design has been altered by the public hearings.™'®
And the Conlerence vifered the even stronger con-
clusion that “The hearing in contested cases is largely
devoted 1o an atfirmation of a result already achieved
as 4 result of prior negotiation and settlement.” ”
Since the public was seldum involved to any sub-
stantial degree in these negotiations, this meant that
the critical decisions had already been made by the
time it was allowed to participate in this assessment.

This cutcome ol the hearing process does not seem
10 be significantly at variance with the intentions of
the Atomic Energy Commission. Indeed. the AEC
often stated that certainly one of the functions. if not
the most significant tunction, of license hearings was
that of public relations. Rather than participuting in
shaping the substantive decisions, the public was to
be shown the reasonableness of decisions that had
already been made. Indicative of this are the con-
clusions of a committee appuinted by the AEC to
review its assessment process. The commitiee con-
cluded that the hearings were proving to be of value
for the fullowing reasons:

| The public gains a (irsthand impression of the
applicant’s character and competence and his
whole approach to the safely and siting of nucle-
ar lacifities.
The public is shown that the AEC has been dili-
gent in protecting the public’s interest. Especial-
ly, the hearing can make it unmistakably clear
that the staff and the ACRS have only the
public’s interest in mind as they conduct these
reviews, inquiries and inspections,

3 The public receives a convincing demonstration
that the regulatory process includes a thorough
and competent review of the applicant’s pro-
posal.'®

In light uf subsequent events, this may well have been

more wishful thinking than well-formed conclusions.

These conclusions, however, do seem to indicate

more ol a concern with creating the image of assured

satety, than the substantive of participation in deter-
mining the Jegree of this safety.

"o

‘¢ administrative Conference of the United States: Licensing
of nuclear power plants by the AEC. in Joint Committee on
Atomic Fnergy, op. cit., pp. $§50-S1.

" bid.. p. 838,

'* Seaborg, G. T.: Statement, Joint Committee on Atomic
knergy: Licensing and reguistion of nuclear reactors; p. 10
(Goverament Printing Office. Woshingion 1067).

There were other indications that the Commission
intended the public hearings (0 have a linuted pur.
pose. This is most clear in the limitations it placed on
the issues to be considered in these hearings. Amung
other reasons, nuclear energy has become a matter of
controversy because of the radiation created in the
process of nuclear fission: the adverse impact that
reactor operations can have on nearby bodies of
water; and the need for strong protection of the reac:
tor facility against the threat of sabotage and other
destructive forces. These matters. again. do not ex-
haust the dangers which have been associated with
nuclear energy. They de. however, indicate some of
the most significant of these dangers.

For those who became concerned with these dan-
gers, the reactor assessment process did not prove to
be a usetul means of vuicing and gving etfect to these
voncerns. This is because the AEC systematcally dis-
allowed these issues {rom being considered and re-
solved in this process. The Commission. in fact,
became more than a little insistent on its position
that its authority extended only to health snd safety
issues involving nuclear energy, and thatits ™. regu-
latory interest is further restricted to public health
and safety questions relating to special (that is. radia-
tion-related) characterstics of nuclear materials and
atomic energy.” ' And turther, with regud 1o these
radiation issues, the Commission refused to allow any
consideration of, or challenge to, its radiation enus-
sion standards in the assessment process. * Thus it
became routine that the AEC denied parucipation in
this process to anyone seeking to raise one or snuvther
of these issues.”*

THE DEVELOPMENT OF
COUNTER-ASSESSMENTS

Being excluded from significant participation in tlus
assessment process did not stop those most concerned
with the implementation of nuclear energy from seek-
ing to have an effect upon this implementation.
Rather, a range of counter-strategies was developed
and pursued by these individuals. Some continued to
participate in this process, but not for the purpose ot
accepting some pre-ordained conclusion. This partici-
pation, instead. was pursued for the purpose ol bring
ing direct and indirect pressure upon the license
ppli and the C ion. Thus, one advocate of
this strategy suggests:

{f the licensed project will damage the environ-
ment. it must be opposed irrespective of the

" Atonic bnergy Commission® Jurisdiction af the ALC and

other federal and state agencies with respect Lo nuclear power
facitities, Washington, nd.. p. 2.

® Lo

10 Code of Federal Regulations 2. Appendix A 3 of | Jun
uary 1970,
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prospects of defeat or victory. The administra-
tive arena must be used as an educational forum
1o alert the public to the project’s adverse
effect an environmental quality. The environ-
mental stakes must he vividly dramatized us a
pretude to organizing political action to block
the project or correct its deficiencies. Viewed in
this perspective, a losing environmental cause is
worth fighting for because it adds to the eco-
Jogical enlightenment of the public.??

Very often those pursuing this strategy did not have
to strive for such moral or principled victories. One
reason for this iavolves the tremendous investment
uufities have in the design and cunstiuction of nu-
clear reactors. {t has not been unusual for this to go
beyond $500 million for one reactor. With an invest-
ment this large. utilities are necessarily anxious to
have their project licensed so as to bring closer the
day they will begin to realize a retum on their
money. And those seeking to more strictly regulate
the utilization of nuclear energy have been able to
take advantage of this anx As one disgusted
proponent of nuclear energy has observed:

Requests for nearly uniimited discovery —
thousands of documents, hundreds of interroga-
tories, extensive pretrial dispositions — objec-
tions to evidence, prolonged cross examination,
demands for adjournment, exceptions (o rulings
and intermediate appeals-techniques like this
can be used to hold up a project, . . . and to
force utilities to make nearly an?/ concession
just to get the plant authorized.”

These tactics often have been used so successfully
that utilities have agreed to upgrade reactor radiation
treatment systems. waste water treatment systems,
and cooling systems.* And these have been conces-
sions that the AEC had refused to make or require.
Even these relatively significant achievements
(ailed to satisfy some of those concerned with the
many side-effects of nuclear energy. Thus some have
extended their strategies to include activity outside of
the formally established assessment process. In several
instances, environmental and other groups have
sought to have individual states assume assessment
and regulatory authority over nuclear energy.” The

o Like, Multi-media confrontation - The eaviron-
mentalins’ strategy for a ‘no.win' agency proceeding, Joint
Committee on Atomic Energy, AEC licensing proceduce,
pp. 1404-8.

7 Atamic Industziel Forum, Inc.: A new approach to reac.
tor Jicensing, Joint Committee on Atomic Energy. op. cif.,

1448,
b Gendlin, ¥.: The Palisades protest: A pattern of citizen
interveation: Science and Public Affairs 27° $3-56 (Nov,
1971). “FOE won't try to block Turkey point license, but
Siegel might: Nucleonics Week, /2 4 (2 Dec. 1971). Com-
manwealth Edison signs with mtervenoss, avoida Dresden-)
(ight; Nucleonics Week /2: 2 (18 Feb. 1971),

hope, of course. is that the states will be mose severe
with nuclear energy than the AEC has been. Othes
groups have sought 1o use the judicial process tur thus
purpose. In one suit. the plaintiffs alleged that they
were denied their due process right to an 1mpartial
hearing on the licensing of a reactor. because vl the
AEC's dual responsibility for promoting and regulat.
ing this technology. ®® The purpose of this suit. o
course. was to limit. if not abolish. the Commission’s
tight grip on the 1ull assessment ol this technology  In
an even more wide-ranging series of suits. the licens.
ng of each and every existing and proposed reactor
was challenged as illegal. 7 The purpose here was ta
lave the courts enjoin the further issuance ol ynv
licenses until the AEC could demonstrate convinang.
ly that each reactor would pose no undue risk to
public health and safety.

IS THIS ANY WAY TO ASSESS
TECHNOLOGY”?

1

From the above on. it 1s quite apparent that
the assessment of nuclear energy has encountered
serious and persistent problems. The underlving cause
of these problems is clear ~ the assessment process
proved incapable of resolving the many contlicting
pusitions and opinions which developed regarding the
range and acceptability of benefits, costs and nsks
associated with nuclear energy. Those who held
serious doubts about the acceptability of these custs
and risks were often far from satisfied with the wut-
come of the formal assessment process. And rather
than accepting the Atomic Energy Comrmussion’s
assurances as to the reasonableness of these costs and
risks, these people sought alternative means ol in-
fluencing the implemeatation ol this technolugy
Thus this assessment became entangled in very serious
conllict. with the parties to this conflict pursuing a
variety of strategies to achieve their objectives.
Perhaps the most significant lesson to be drawn
from the experience gained in this assessment is that
decisions made in structuring an assessment are ex-
tremely critical, and must be made with careful de-
liberation. And probably the most critical ol these
decisions is that relating to the purposes tor which
the assessiment is to be conducted. In the broadest
senise, assessments may be conducted for either or
both of two purposes. One such purpose would be
informational in nature. Thus it may be intended to

radiation pre-emption: Nucleonics Week /20 3 (i1 Mar

1971). An escape clause on control of radoactive effluents,

Nucleonics Week (" §-6 (30 luly 1970}, The Vermont

Board of Health has proposcd standards suffer than ARU'S:

Nucleonics Week 1. 2 (B Oct. [970), Quad cities Nils new

l;g‘ulal(ll’y holdup: Nucleonics Week 72 4 113 Sept. 1971)
c

13 For example. see Gilletta, R Reactor cmi AEC
gusdelines move toward critics position: Science /72: 1215
(18 June 1971). Itlinois blocks Dresden-3, challenged AEC

atomic energy act constity:
tionality: Nucleomes Week /2. 1 (14 Oct. 1971).
3 The Arizona Republic, 1S July 1973, p. 4, park K.
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develop information that is as complete and as im-
partial ‘as possible concerning the consequences of
implementing a particular technology, and to predict
the future course and direction of technolegical in-
novation. This is reflected in the suggestion of Vary
Coates:
Technology ussessment implies identification of
the social impacts or secondary consequences —
both detrumental and beneficial - of a new
technology or an existing technology ; it also
includes prediction of technological develop-
ments 2arly enough to allow weighing cf the
relative social desirability of alternative lines of
development.

Beyond this, technulogy assessinent may have the
more ambitious purpose of having a significant
impact upon near-term decisions relating to the
implementation of particular technologies. Here it
would be intended that technological decisions be
made only within a context which allows due con-
sideration of the varying consequences of the alterna-
tive chuices which are available. This. accordingly, is 2
more acti d type of t. Reflecting
the concern for this is the sentence immediately tol-
lowing the above quotation from Coates:

Technology assessment looks to both the
prevention of secondary consequences harmfui
to the physical environment or to the quality of
life, and the atleviation of existing environ-
mental and social problems lhrouph exploita-
tion of technologica! application.”

There is obviously more of a concern here with the
effect of assessment than is apparent with the first
purpose cited.

To state these as two separate purposes of assess-
ment is nut intended to suggest that they are in any
way incompatible, Under the appropriate circum-
stances, it would be possible to accomplish both of
these purposes in the same assessment. To do so,
huwever. would certainly require very deliberate deci-

ever means may be necessary to develop the desired
information. Further. such an assessment would prob-
ably be most successtul if it were isolated. [n vther
words, on¢ would probably not want these experts
subjected to the distractions and interference of out-
side pressure and demands. And tinally. such an as-
sessment could be quite successful even with a narrow
locus. in other words, the range of desired informa-
tion could effectively be limited to a single tech.
nology, or even a few aspects of a single technology.
The scope of the assessment thus could be limited or
expanded depending upon the issues of intersst.

If the purpose of an assessment is to shape and
influence technologica! decisions, a process such as
that just described would clearly be inadequate. An
assessment with this larger purpose would nore
approximate a political than an academic exercise.
The reason.for this is that the decisions at issue would
relate to the range and distnbution of technological
benelits and costs, A range of choices would almoust
certainly be availabie in all but the most exceptional
circumstances. And, depending upon the choice
which is made, some would be better oft and some
worse off than if another choice were made. Certainty
this would indicate that the choice wouid inevitably
be a political one.

Assessments which are thus political in natwre. if
they are 1o be successful, must be more upen and

p ive than which are more
informational in nature. The reasons lor this can per-
haps best be understood by examining the flaws in
the assessment of nuclear energy. This, without ques-
tion, was intended to be, in the above terms. a politi-
cal assessment. Indeed it was given the legal mandate
of assuring that the risks posed by utilizing nuclear
energy were not *“. . . inimical to the common defense
and security, or to the health and safety ol the pub.
lic."*® The assessment thus had two tasks — to iden-
1ify the risks posed by a particular power reactor. and
to determine whether any of these were inimical to
the above values. Once an assessment sets out to

sions, followed by careful pl g of the t
structure and process itself. To do otherwise, would
be to invite confusion, with neither purpose likely to
be accomplished. And this confusion and ineffective-
ness would seem at times to have characterized the
assessment ol nuclear energy.

If an assessment is intended to develop relevant
information as to the full consequences of existing or
future technologies, this will most nearly resemble. in
the best sense of the phrase, an academic exercise. To
accomplish this, one would want to get the most
qualified experts available, and to assure them what-

? Costes, V. T.: Examples of technology sssessments for the
Federsl Government, Commitiee on Science and Asironautics,

plish this latter task, it would seem inevitable

that no one individual or group of individuals can
claim to be expert in making such decisions. Rather,
once the relevant information had been developed. a
democratic political system would seem to insist that
all mature citizens have some minimal competence to
participate in shaping and influencing these decisions.
In the case of nuclear energy, the Atomic Energy
Commission obviously was not in complete sympathy
with this conclusion. If anything, the severe restric-
tions it imposed on those aspects of the assessment
which would have made participation meaningtul.
indicate its reluctance to share decision-making in this
area. This certainly is reflected in its efforts to keep
the t of nuclear energy as narrow and con-

US. Congress. T i p. 283 (G t
Printing Office, Washington 1970),
¥ Loe o

* The Atomic Energy Act of 1954, Section 104(d)
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fined as possible. Thus it sought to restrct this assess-
ment 1o one energy source — that of fissionable fuels;
to one technology tor converting this into usable
energy - that ol nuclear power reactors: and to one
type of pollutant resulting {rom this conversion pro-
cess — that of radiation. This may be 4 meaningful
framework within which to conduct an assessment
tor the purpose of developing desired information. [t
certainly 1s not, however, a meaningful framework tor
an assessment the purpose of which fs to make deci-
sions regarding the development and implementation
of technology to achieve a specific social goal. In
vther words, 3 decision-making process becomes
inceasingly inadequate as it excludes possible alterna-
tives and their consequences from consideration. And
certainly the assessment of nuclear energy did not
allow the consideration of more than vne alternative
- namely. that of not constructing the proposed
reactor

Recent changes in this assessment have had the
effect of more nearly assuring considerativn of the
range of available alternatives. One of the most signi-
ficant of these changes was the enactment. n 1970,
of the National Eavironmental Policy Act. The eifect
of this law has been to require tederal agencies to
assess fully the environmental consequences of activi-
ties they sponsor or regulate. More specifically, the
agency must prepare a public statement in which it
assesses the following aspects of these activities:

I The environmental impact of the proposed
action,

2 Any adverse environmental effects which cannot
be avoided should the proposal be implemented.

3 Alternatives to the proposed action.

4 The relationship between local short-term uses of
man’s environment and the maintenance and
enhancement of long-term productivity.

5 Any irreversible and irretrievable commitments
of resources which would be involved in the
proposed action should it be implemented.*'

Under this law, as interpreted and enforced, it be-
came impossible for the AEC to maintain its narrow,
singularly-focused assessment of nuclear energy. And
s broader, comparative assessment more nearly
assures that full consideration will be given 10 the
range of alternatives by which the desired objective
may be realized. The result of this is that the ultimate
choices which must be made, are more likely to be
made in a more meaningful and realistic context.

A further, and more recent, change in this assess-
ment has been the abolition of the Atomic Energy
Commission, with the creation of the Energy Re-
search and Development Administration, and the
Nuglear Regulatory Commission. The effect of this

' The Nstional Environmental Policy Act of 1969, Public
Law 91-190, 83 Stat. 852.- 56, Section 102,

wus 10 abolish what had been the dual iesponsihilities
of the AEC both to promote and to rewulate the
implementation of nuclear energy. It 15 now the
tesponsibility of the Energy Adnunistration to assess
the full range of alternative energy technologies. and
to promote the development of those which show the
greatest prormise of satisfying this country’s long-term
energy needs. And it has become the responsiility ot
the Nuclear Regulatory Conmission 1o regul;ue'lhc
implementation ot nuclear energy in such 3 way that
it complies with the requurements of the Atomie En-
ergy Act and the National Environmeental Policy \ot

With these changes. it now becomes possible ()
achieve a truly comparative. problem-oriented assess-
ment ot nuciear energy. Of further benefit is the ract
that these chunges are beginning to have the eltect ot
extending assessment to the other energy tech-
nologies. In a very meaningful way. these chunges
indicate the healthy integration ol technology assess:
ment into the political decision-making process. No
fonger is assessment merely intended tu senve some
abstract purpose. Rather, at least in the aress Jis-
cussed here, this assessment is structured so 25 to hase
a substantial impact on decision-inaking.

The final thing to be commented upon here s
that. as technology assessment is extended to other
areas of activity, the politics of public choice must be
taken into consideration in structuring luture assess-
ments. [n the assessment of nuclear energy, the most
persistent contlict involved its scope or boundaiies -
that is. the scope of issues and choices which were 10
be considered as part of the assessment process. The
AEC sought to restrict this scope, while some mem-
bers of the public sought tv expand the scope 10
include 3 wide range of issues and choices. As wus
suggested several years ago by political scientist E E
Schattschneider, the most critical political decisions
are those determining the boundaries within which
conflict occurs.*? The reason for this is that ditterent
boundaries will produce different outcomes or Jeui-
sions. As long as nuclear energy was assessed without
regard to the social benefits and vosts ot aliemauve
energy technologies, the outcome was quite likely tw
be favorable to its implementation. Now. howeser.
since it must be assessed in comparison with these
alternatives, the outcome is no longer pre-ordained in
1ts favor. Again, this lesson inust not be lost on other
assessments. 1f the assessment process is structured so
as to allow meaningful compansons and chosces, con-
flicting opinions and positions, while not done away
with, will be channeled in a way that more nearly
encourages their satistactory resolution. Otherwise.
this conflict will not be resolved. but rather will grow
and spread to the point where resolution will indeed
become difficult if not impossible.

3 Schatischneider, E. E.: The semisoverergn penple (Hubt
Rinehart and Winston, New York 1960).
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ABSTRACT

Widespread deplovment of porrable telephones, made
pussible by a new cellular relecommunication system,
could create major social change — altering social re-
lationships, organizational processes, and lifestyles.
To anticipate the possible nature and scope of such
changes, a technology assessment of putential social
impacis of new mobile communication technologies
is being undertaken at Cornell University. To collect
baseline data, a methodological approach combining
Jieldwork and survey research is employed. Using in-
place mobile communication systems - paging sys-
tems and dispatch services - as proxies for the new
coflular system, preliminary findings drawn from 24
public and ial org i are pre. d.
Emploving fieldwork and survey research in organi-
zations where antecedent technologies are used is
suggested as an efficient way, in many instances, to
develop bascline data on newly emerging technolo-
gies.

INTRODUCTION

The emergence of a Post-Industrial Society based in
large part on the generation of new knowledge, the
devel of new technologies, and the diffusion
of innovations has profound consequences for social
life in the United States.' Inherent in the concept of

' gee Bell, . The coming of the postindustrial society
{Basic Books. New York 1973},

the Post-Industriial Society are several wnpurtnt
trends: increased private disposable income and pub-
lic transters. development of new und mure tempo-
tary organizational forms and work patserns. yreater
emphasis on productivity as well as greater leisure
lime, increased importance ot protessional and tech.
nical workers in the economy, development of new
and alternative lifestyles, increased politicization of
public planning and corporate business decisions. and
the continuing development of national communi-
cation networks. The maturation of these trends will
have a major influence on the types of new techno-
logies that are developed and the maaner in which
they are absorbed into the economic and social sys-
tem.?

Technologies do not develop in isolation.” The
forms that new technologies take, as well as their
impacts on society, are {ntegrally related to the
dynamics uf social and organizational structures, The

£ Gross. B Friendly fascism: A model for Amerwea Social
Policy /1 34 54 (1970% Brezinski, Z.. Between t(wo ages
(Viking, New York 1973) Kohn, H, and Wewer. 3. The
nex1 thirty-theee years: A framework for speculation. in el
D. (ed.) Toward the year 2000. pp. 73101 {Beacon Press.
Boston): Hinshaw, M.L.: Wiring the meiropohs: [wo <cen
aetos, 10 Gerner, G., eral. (£d3.) Commumcatiuns technology
and social policy. pp. J07- )18 (Wiley, New York). Best, t
(ed.): The future uf work (Prentice-Hall, Englewood Clstfs
1973): Benmis, W.. and Slater, P.: The temporary sovien
(Harper and Row, New York 1968).

McDermott, J.: Technology. Opiate uf the intellectuals, n
Teich, A.H. (¢d.) Technology and man's future, pp. 151 - 477
(St. Martins, New York 1973).
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familiar concept of “‘cultural lag™ (behind technol-
ogy) has a counterpart in “technological lag”, or the
development of technologies that respond to and
facilitate the expression of new sociat forms and cul-
tural styles.® This is well illustrated by the increased
mobility of American society, which is related (o the
above-noted trends, and the appearance of new mo-
bile communication technologies.

The term “mobile communications' labels a type
of communication activity thay, by its very nature, is
linked to the state ol mobility. In the most general
sense, mobile conununication  technologies  are
movable apparatus, including hand-carried and
vehicular-mounted equipment, that permit com-
wmunication among persons in mobile units such as
cars, teucks, trains, and recreational vehicles: among
pedestrians: and between persons who are moving and
persons at fixed locations. Present users of this tech-
nology can be further divided into categories such as
commercial {e.g., taxi companies, delivery services),
public (e.g.. police and fire departments, ambulance
services), and private (e.g., boat owners, and citizens-
band and walkie-talkie enthusiasts).

Most vehicles, and certainly most people, are not
piesently equipped with mobile communication
devices. Nevertheless, the potential for utilization of
these devices exists in every instance of mobility, and
if any significant proportion of this potential were to
be realized (i.e., if mobile communications became a
‘“‘mass event™) the character of society could be sig-
nificantly altered.

This paper add the problem of ipating,
in a systematic and disciplined manner, patterns of
use of technologies currently in the development
stage. The methodological approach undertaken here
- fieldwork and survey research — appears promising
to apply to areas other than communication technol-
ogies, although not to all technological analysis. An
important constraint in such efforts is obtaining the
necessary information at a reasonable cost, in terms
of both financial and human resources. This precludes
undertaking the large-scaie social experiments neces-
sary for full confidence in the resuits. This is a prob-
lem of increasing importance as more and more effort
is devoied 10 technology assessment, in which at-
tempts are made to evaluate, for policy-making pur-
puses, some of the higher order costs and benetits of
deploying new technologies.

There is considerable advantage in conducting a
technology assessment of an innovation in its early
stage of diffusion because there is more potential to
guide its future course in directions beneficial to users
and “the public interest”.

A technology assessment appears to possess
special utility when the technological innova-

* Ogbuen, W E.: On culture 2ad social change (University of
Chicaro Prexs, Chicagu 1964).

tion under consideration has begun to take s
convrete form but has not yet been depiuyed or
reached a critical concentration. Since 1 may
take several years to go Irom pulot depmunstry-
tion 10 wide-spread deployment there is ample
time for deliberate policy decisions (o sftect

the nature, regulation and deploy ment uf the
technology.

The Comeli group’s technology assessiment. of which
the work reported here is a part. is concerned speci
fically with mobile communication technologies * 1t
is u “ltecinology initiated” sssessment in that rhe
starting point is the development ot u particular tech-
nology, and the research objective 15 to study 4 wide
range of possible sociv-economic. political, and tech-
nological impacts.” The principal tectnology uader
investigation is the “cellular system™ which makes
possible (he introduction of portable welephones. An
area is divided into small “cells™, each covered by fow
power transmitter receivers, which can be connected
to 3 central station by means of 1 land line o haeh-
frequency directed electromagnetic link. As the
mobile unit - either hand-held, velucular mounted.
o1 both - moves from cell to cell, 3 monitoring sys.
tem relays this information back to a central com-
puter and switching structure so that communication
can be maintained.

While the cellular system is the central tocus vt the
study. examination of the research-development-
diffusion networks of existing mobile communication
technologies is of crucial concecn since they pruside
both competition and support for the cellular system,
Morcover, they serve as proxies for it. By obtaming
baseline data on the capabilities of existing techno-
logies. on producers’ marketing strategies for them
and actual ditfusion patterns, and on some uf their
impacts, we are able to obtain clues as to some pu-

* Dickson, E.. and Bowers, R.: The video telephone \ new
era in i (A prefiminary rechnology aswea.
ment). p. S (Praeger Publishers. New York (97 1)

* The Program on Science, Technology. and Society. directed
by Ruymond Bowers. is underiaking 4 (hreée.year project
which began in 1974 on A Technology Assessment in the
Area of Mobile Communications™ sponsored by the Natonal
Science Foundation and the Cogar Foundation. The nhjec.
tives of the research are to analyze: (1} the hkely course of
development of the technology, as well 15 supporing mnd
uses. {3 ecomomic
political and (egal issues associated with regulonon. particy
larly compctition in the indusiry: (3)wsues of pecirum
allocation; ($) impact on medical practice, safety ,erveces,
and crime prevention: {6) potential for new work patterns.
(&) legat prol s privacy, habitity . andi-
vidual freedom; (8) energy and trapsportation issues: and
{9} some of the international issues, emphasizing the \pecial
case of electronics competition with Japan.

’ This approach contrasts with “problem mitiated” e
ments where the starting pomt is some socal peoblem o
need, such as the improvement of health services or 2du
cation. With this apprusch, the research explores o wanle vy
riety of ! means for all. g the problem. (Het
man, ¥ Souisty and the assessment of techaologs . p. o)
(Office of Feonomic Cooperation and Devetopment, 1173 )
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tential impacts of the cellular system. In Hetman's
terms:

the process of generating relevant data is of the
utmost importance and constitutes undoubted-
ly the most responsibie part of the t.
In a sense. technology assessment may be
viewed as a manysided, multidisciplinary and
continuous process of inference. Schemes of
tuture events, courses ol possible evolution and
situations or states of society must be derived
from some existing data base, either statistical
of conceptual, be it in the form of givens of
past experience or in that of logical constructs
of desirable images of the future.®

Accordingly, the objective of this component inves-
tigation is to generate a data base on the uses and
impacts of several currently in-place mobile commu-
nication technologies — radio dispatch services,
paging systems, conventional mobile car telephones,
and citizens-band units — based on the collection of
primary data from commercial, public service, and
private organizations. This data should shed some
light on the following questions: Why do organi-
zations and private citizens presently use mobile
communication devices? What are the advantages and
disadvantages of these mobile technologies? What
factors wuuld increase or decrease the attractiveness
of the new cellular system for present users of com-
petitive mobile technologies, as well as for persons
not using these technologies? What is the magnitude
of the potential demand for advanced mobile com-
munications? What are some of the more important
likely organizational impacts of such use, e.g., on
work activity patterns, on speed and effectiveness of
service to clients and customers, and on organiza-
tional structure?

This paper will be divided into two parts. The first
will consist of a briel introduction to some of the
telecommunication literature, with a special focus on
the methodologies used by researchers to collect
empirical information about uses and impacts of
communication technologies. While much important
work has been published, it is clear that there are
major gaps in this area. In addition, there are lew
generally accepted theories and techniques which can
guide an analysis of either existing or newly emerging
technologies. Thus, the second part of the paper will
briefly describe the approach being employed to col-
lect baseline data and undertake anticipatory analysis
as part of a comprehensive technology assessment of
mobile communications. [t is not our intention to
present final results, as the research is still in progress
and many of the conclusivns must be regarded as
tentative. Consequently, we are presenting only suf-
ficient material on dispatch services and paging sys-

* bid., p. 200,

tems to illustrate the conceptual framework and re.
search design being employed.

AN OVERVIEW OF
TELECOMMUNICATION RESEARCH

Telecommunication studies range from those based
on existing andfor potential impacts resulting from
the depioyment of a technolagy. to those examining
the contribution of a technology to the solution of a
particular social problem, Included in the latier cate-
gory are studizs which seek short- and long-tange
solutions to current technological problems, such as
coigestion of the zlectromagnetic spectrum.

Technology-Initiated Studies

The telephone, although a more stationary lorm of
communication technology. has capabilities parallel
to those of a two-way mobile radio. Long since a
“mass event”, the telephone would seem the ideal
technology to examine in order to determine method-
ological guidelines for assessing less widely deployed
cummunication technologies. However, it has re-
ceived scanty attention in the svcial science literature.

In an attempt to fill this research gap. Aronson.in
an article entitled “The sociology of the telephone™,
examines those areas of American life most ubviously
and pervasively affected by the telephone: the eco-
nomy, mass c ions, and y and
social relationships.” While perhaps setting the stuge
for more in-depth studies on the impacts of the tele-
phone, Aronson’s qualitative work does not lead to a
methodological prescription lor technology assess-
ment,

The video telephone, a c¢o tion device
adding visual capabilities to the telephone, is highly
developed technically but not widely diffused. How-
ever, “‘the technology is sutficiently mature that the
technological limitations constraining usage, and
hence impact, are discernible with a goud degree of
accuracy.”'®

In their technology assessment, Dickson and
Bowers, rather than investigating current users, uses.
and impacts of the video telephone, consider a
“super” video telephone of the future, the continuing
development of related and competing technologies,
and a social environment conducive to its widespread
usage as a foundation for making intormed specula-
tions about both its technological capabilities and its
potential social impacts.

Cable television has also received attention in the
telecommunication literature. This is a communi-

? Aronson, S.l. The sociology of the telephone
Compara. Sociol. XII: 153-167 (1971).
* Dickson and Bawers, 0p. ci1t., p. 6.

e
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cation system whose use. except in a few cases. is
restricted to amplifying and distributing tefevision
signals where there is poor broadcast reception, there-
by mproving the signal quality. Thus, like the video
telephone, cable television is a highly developed
technology that is not presently employed to the full
extent of its capabilities.

Robert Yin's study, “Cable Television: Applica-
tions for Municipat Services”, is designed to help
officials decide how 1o use the municipal channel
mandated in 1972 by the FCC for 100 new urban
cable systems, and to stimulate awareness of potential
tuture uses and issugs. The report deals not only with
the potential uses and impacts of a one-way channei,
but also with the applications made possible by a
two-way cable. His sources of baseline data include
existing studies, plans for urban cable systems, and
the operating experiences of WNYC-TV, the only
municipal station currently operating in the United
States. The cuse study of WNYC-TV includes the
station’s history, resources, programs, and audience
penetration. Based on its strengths and shortcomings,
Yin is able to make certain projections: ways in
which future pitfalls can be avoided, for example, or
recommendations for desirable practices.

The format of this report, like that used by Dick-
son and Bowers, may prove useful to investigators of
other communication technologies. Further, many
cable television and video telephone applications may
be more effectively achicved through the use of other
technolugies: ¢.g.. two-way mabile radio may be
adequate when only voice communication is re-
quired.’ In other words, a discussion of the poten-
tial uses of a communication system mwst consider
not only the feasibility of such uses, but also the
relative advantages of a given medium over others,

Finally, one study (a survey of several major com-
panies by the ediior of € ications, a
trade journal} investigates the impacts of two-way
radios on company operations, such as service de-
livery, and the problems accompanying their use,
such as spectrum congestion. Although mfmmauon

ing cable television, use thus approach to anvestigate
1ts potential for delivering public services. The tyenda
of experiments suggested in their report 1s Jenved
from case studies of the special problems of sersice
delivery in two locales, one an urban center and the
other a suburban community on the outskirts of 4
large city. The report

combines two case studies that consider 1he
problems of public service delivery as seen and
experienced by local goverament oificials, ser-
vice providers, und users ol those services.

In this-report we use the concreteness of the
case study approach to draw out ynd Mustrate
some of the difficulties and the opportunities
ot Jpﬂymg new technologies 10 public ser-
Yices.

Thus, the researchers determine a specitic service
need and suggest a technological solution which they
recognize to be only one of several possible slterna-
tives. They further realize that “even if the mnova
tion is successful, it is the burden of reseatch to deter-
mine why success has been achieved befure an spph-
cation can be transterred to another locale ™ These
are important considerations in looking st the puten-
tial deployiment of the cellular system,

Using much the same approach as Yin and Lewss,
members of Peter Goldmark's New Rural Soctety Pro.
ject tackle the problem of urban congestiun and seek
in part, a telecommunication solution tv overcome
some of the barriers now preventing companies tronm
rooving into less crowded areas. Here agam, reseacch
based on existing communication technologes 1in
fact, several communication technologies in varvuig
combinations) attempts 1o solve a particular problem
And once again, the technologies under study are
fairly sophisticated from a technical standpoint. but
not commonly used for those purposes envisaged by
the author.

As part of an overall strategy to understand the
process of organizational communications, Guld-
mark's team is attempting, through carefully con-

was obtained relative to further desired h
capabilities. this study was not designed as a technol-
ogy assessment nor did it seek to determine whether
lternative systems, such as the cellular sysiem. would
be viable.'?

Problem-Initiated Studies

Problem-nitiated studies suggest ways in which a par-
ticular technology or technolugies may contribute to
relieving social problems. Yin and Lewis, again study-

trolled lab y experiments, 1o determine those
electronic communications systems wiuch would sub-
stitute most satisfactorily tor face-to-lace meetings
between two individuals."'S Little research hus been
conducted in thus area. As Reid notes, “the human
aspects of person-person telecommunications have
been curiously ignored. ... It ts necessary (v muake
the negative point that in all {the] huge body o
experimental soctal psychology research, the question

M Lucas, WA and Yin, R.K.: Serving local needs with 1ele

' Nun, RUKG Cable
services, po MR- 1 140-NSE, k-nd May 191,\)

"' kaerom, ) K. Business users appland radio’s benefits —
e seevice and  frey problems. L 9:
2632 (1974

P (R-1345-ME. Rand. Novemher
1971).

' lbid. . 3.

' Goldmark, P.C.: The new rural societv. in Pupets 1n com
Munication arts %5, p. 14 (Cornett Uninersity 1thaca 197
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ol communication by any media other than face-to-
face has been virtually ignored.”"®

Several different problem-initiated research studies
have been conducted in the area of radio dispatch
systems. This technology is deployed and used on an
extensive scale: by the early 1960's. spectrum chan-
nels allocated to users had become highly congested
and the issue had become of central interest to Con.
gress and the FCC.

Rather than looking at specific applications or ditTu.
sion patterns of this technology in vrder totind a sotu-
tion, attempts tu alleviate- spectrum congestion have
generally been made from an economic or technical
perspective. One study by Crandell and Ward involvesa
matket analysis to *measure the economic value ol re-
duction in congestion; and technical alternatives such
as  channelsplitting and  cellular  systems, to
sugment efficiency in spectrum allocation.™” But, as
the researchers note, “"measurnng the direct costs of
congestion from models of user behavior is very dif-
ficult and exceedingly expensive due to the diversity
of land mobile use."'® McCray, who deals with the
issue as a case study in communication planning,
finds that short-term orientation on the part of the
FCC has led, for one thing, to the lack of “credible
market studies for future mobhile telephone de-
mand.""*

Another technique to determine the pattern and
amount of usage of the available spectrum involves
setting up monitoring stations.?® While valuable for
determining better utilization of spectrum, this tech-
nique provides little information about who is using
the technology, (or what purposes, and with what
impacts: nor does it lend itself to projections regard-
ing demands which will be placed by future technol-
ogies and their users on the spectrum.

Methods for Collecting Baseline Data

As there is neither a standard methodology for ana-
lyzing the impacts or uses of communication technol-
ogies presently in use or in the development stage,
not much available data on the users, uses, or impacts
of in-place mobile communication technologies, this
research is primarily of an exploratory natuge. Using

" Red. A New directions 1n telecommunications research.
n A report prepared for the Sloan Commission on Cable
Communications, p, 39 thune 1971).

" Crandeil. R.. and Ward, J.. The land mobile study (sub-
stantive lindings), in First snnual report, p. 20 (MIT Research
Progrsm  on  Communications Policy, Cambridge, Mass.
achusetts, December 1974),

" ibid..p. 1.

" MeCray, L.. Adninistrative planning sad its political con
text: The case of FCC poticy for tand mobile radio in the 900
MH2 band. in First annual report. p. t4 (MIT Research Pro-
gram on Communicatoas Policy, Cambridge, Massachusetts,
December 1974).

© Ligyharsh, Vb er al: study of land mobile spucirum
utilization, Parts A & B (Stenford Research Institute, Menlo
Park, Califorma, July 1969).

observation and interviewing, we have been uble to
generate preliminary data oa the deployment and
uses of two mobile systems, paging systems and dis-
patch services, as well as develop some possible hy-
potheses about the deployment and potential uses of
the cellular system. However, for generalizable find-
ings to be established, it is necessary to utilize survey
research and rigorous sampling procedures.

In Unobtrusive Measures. Webb et al. suggest that
any technique sutfers from inherent weaknesses that
can be corrected only by cross-checking with other
techniques.® In particular, a combination of cuse
studies and survey research can be particularly usetul.
Case studies aliow rhe assessor to examine subtle as-
pects of social processes and individual attitudes as
well as explore the possible relationships between
variables. but survey research allows us to distinguish
between those characteristics of relationships which
are umque 1o a particular case and those which are
generalizable across cases. Both techniques of tield-
work and survey research must, however, confront
the problem of respondent bias, interviewer eitect.
and other interaction contingencies which can pro-
duce spurious results. There are, however. several
advantages of using case studies and survey research
together in the data gathering etfort in technology
assessment, ™

In the design stage of survey research, case studies
can be used to determine which organization or col-
lectivity will maximize the advantages of comparative
research, and thus can be used to confirm the selec-
tion of cases (or related technologies) for inclusion in
the survey. Case studies can 2iso serve to sharpen the
focus of the investigation by directing attention w
particular relationships or problems which appear to
be most important. By examuning the attnibutes of a
complex system through qualitative tieldwork prior
to survey, the precision of the survey instrument can
be improved.

Likewise, in terms ot data collection. case studies
provide information on the receptivity. trame of re.
ference, and span of attention of respondents. Ac-
cording to Sieber, “Improvements in the question-
naire stemming from qualitative pretest inturmation
enhance rapport between interviewer and respondent,
reduce nonreturns of mailed questionnaires or refu-
sals w be interviewed, and generally ease the data-
collection efforts of the research staif.”*

At the analysis stage, case studies can 3id in the
development of a theoretical structure to guide the

' Webb .. Campbelt, D.T., Schwartiz, R.1).. and Sechrest. L
Unobtrusive measures (Rand McNally. Chicago 1946}

% The discussion of the use ol fietdwork and survey research
is bused on Sisber, S.D.. The integration of (ieldwork and
survey methods, Amer. J. Sociol. 7874): 1)IS-1357 (1973).
2 bid., p. 1343,
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survey analysis. An intensive va-site study of a social
situation can produce substantially new research per-
spectives as well as call to mind relevant theoretical
frameworks, Case studies can be used to validate sur-
vey resuits or at least increase plausibility by regourse
to observations and informant interviews, Finally,
feldwork can also serve as a tool in interpreting sta-
ustical relationships: specitically. interview materials
can be used in refining the courelation between vars-
ables by suggesting relevant intervening variables.

The tollowing section presents a portion of the
information and analysis derived (rom the tieldwork
effort as an illustration of utilizing this type of analy-
sis in technology assessment.

EXPLORING COMPETITIVE
TECHNOLOGIES

Paging Systems and Dispatch Services
Compared to the Celtulur System?®
Currently used mobile communication technologies
such as paging systems and dispatch services otfer
strong competition to the ceflular system now under
development.?® For example. paging systems facili-
tate many communication functions yet can be rent-
ed for as little as 520 month/unit. Because of the
advanced state of integrated circuit technvlogy,
pagers can be compact, lightweight, and portable.
Many paging systems are ditectly linked to tele-
phone lines with computer interfaces permitting
direct-dial paging. A caller needs to know only the
special access number and the page ideatification
number for the page — in the form of either a 10
second voice message, a single tone, or a combination
of tones or lighted lamps — to be directly transmitted
via the telephone lines. In the case of non-voice
paging, depending on what the signal has been deter-

*oAn was to 70
employes in 24 commercial and public service acgaaizations,
of vatious sizes and representing different functions, known
to be users of mobile communication systems. The organiza-
tons usning paging systems included a large medical school, 3
metrppolitan teaching hospital, an elevator manufacturer, a
home fuel service firm, an ambulance secvice, a dairy. 3
natiwnal chemical corporstion, a3 medium-sized city police
department, a neighborhuod heatth center, 3 local television
station, a county law department, and the mayor’s office uf 2
medium-sized U.S. city.

Qrgamzations investigated about thear use ol dispatch ser.
vice included: two large electric uulhy cumpnmts 2 plumb-
g cuompany, o building mat .
tion Yirm, a parks and fecreation dup-mmm. an mum-uun:n
ol company, a local fuel service delivecy company, 3 large
department, 3 tele.
communications tesearch and development fiem specializing
1 heglth care delivery, 3 city public works department and a
large city pohce department.

Y Some of the of mobue

cation technologws are bused on the STS group's interim
report on (elecommuiications (Bowers, R.. mimeo, 44 pp.,
beh. 1978},

mimed to signify. the pageholder muy rupuu.l Al
calling the office, home. ete, from
phone,

Not surprisingly. many of the fargest corpotate
pager users have expressed a strang desire 1o see the
development of more efficient. high-capacity, digrtal
display paging systems tor deployment in thex secvive
departments.” One-way voice messages or printed
paper tape output are now technically feasible and
are within FCC rufes. Research is also currentls
underway to reduce transmission Hme 1or vorce mes.
Sages 11 a Jraction ot what itis now: thut is. from e
page every 10-12 seconds to one page every 1 3
seconds. This represents a 737 reduction w toans
mission time and a3 corresponding 757 increase m
system capacity.

Typical users of pagers are persons whuse winrk
activity necessitates their being almost constariy o
the move and at the same time readily availshle 1
receive information. Doctors, lawyers, contractors.
police and other emergency personnel, real estne
salespersons, servicepersons, and many others 1l iy
this category. One hospital administrator suggested
that “anyone who is frequently being lovked tur. hut
is not usually by the same phone ur a known phone
number” has need of a paging umit. Certainly ilus
type ot description can it persons in almost evers
walk ot life, from priest to prostitute.

Disparch  services are two.way  radiv systems
operating on VHF and UHF frequencies. All dispatch
services in the organizations studied consisted ¢
several mobile units and one or mure base uts
operated by dispatchers. In general. it was found rhat
most mobile radio systems except the smallest had
the capacity tor  mobile-to.mobile transmission.
though messages were generally transmitted through
the dispatcher except in the case of an ¢neigens
Direct communication between mobile units as well
as between mobile and base units is consirained be.
cause their output power, antenna height, and re-
ceiver sensitivity are relatively low and beciuse ol the
system overload incurred by scarce spectrum space
These constraints have in part been alleviated by the
introduction of fixed repeated systems which eivec-
tively extend the area of coverage of the central
system,

{n dispatch services, the fixed and mabile wts
may use the same frequency. 1t more than nne tre.
quency s allocated, access i the simplest sy sterms
involves informal methods. such as a manudl search
for the channel atfording opuimum communi-

ieutiar eles

cation. A simple dispatch system requires
a relatively small capital investment. However,
there is a certain lack of privacy in commum-

AN orgamzanion using more than ten mohile commang
cation units constiutes what <hall be referred to 15 1 lirge
vrganization
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cation, and congestion in single-channel systems or
the difficulty of channel-switching in multi-channe}
systems makes use by a large number uf people
impractical. An clement ol privacy can be incorporat-
ed but thus nvolves increased cust. Receivers and
transmiucters can be couded so that only a speaific
recewver will “nng” when called by the dispatcher,
indicating that a “hsten” swirch should be acnuvared
o receive the message. Privacy 1s partial, however: the
message can be heurd on any umit that huppens to be
scuvated 1o “listen” on that chanoel.

Ihe new ceffudar svstem offers potential svlutions
tu problems associated with both dispatch services
and paging systemns as well as increased communi-
cation capabilities. In thus system, a lurge service arca
is broken up mto cells, with each cell operanng m 2
manner ssmslar to that of the mulu-channel trunked
system (MCTS). With MCTS. a central computer con-
trols access (o the several chunnels and all users must
request permission to transmit, Permussion nay be
requested by voice through a dispatcher or auto-
matically by pushing a button on the mobile unit.
Trunking allows each caller to use one of many chan-
niels available, rather than having to wait for a desig-
nated channel 10 become iTree.

The cells 1 a cellular system may be from | to 20
odd miles in diameter, with the transmitters in
adjacent cells operating on different sets ot fre-
quenvies. The major purpose of this system is to
Wrease mobile communication capacity within g
given spectrum allocation. Short-range transmitters
and small cell size permit re-use of allocsted frequen-
cies:. cells separated by a sufficient distance can use
the same frequencies. Moreover, small cell sizes are
compauble with the limited range and unfavorable
propugation characteristics of the frequencies now
being made avalable for mobile communications.

In addition to the basic components of MCTS, a
cellular system requires facilities for locating mobile
uniis with a precision of one cell and for automat-
ically switching receiver/transmitter frequencies and
transmitter stations as the mobile unit moves lrom
cell to cell, The comp t techno:
for 2 widebund celtular system include Iarge~cnpa\.1ly
computers and associated software  for signal
switching, microwave or laser transmitters and re-
ceivers for links to cells or increased wired system
capacity for these links: and high-reliability mobile
transceivers. These lechnologxe: are rapidly being im-
proved at this time.

The major advantage of the cellular system is its
very large potential capacity; it could ulumately
accommodate millions of users. The capacity 1s not
only proportional to the number of channels
sssigned, but also inversely proportional to cell size.
As celt size is reduced, the number of cells in a given
service area is expanded, thus increasing [requency
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re-use. Additional advantages are wehatively secure pri-
vacy and virtually unlimited effective range

The ceffular system s the oniy way that truly
widespread mobile communications can be schieved
i the toreseeable fulure. Spectrum available w the
lower frequency ranges is lLinuted and it seems
unlikely that mobile umits operating st higher Tfre-
quencies {above 900 MHz) can be built at reasonable
costs.

Utilization and Diffusion ot Mobile
Communication Systems in Organizations

Orgamizations inirally acquiced dispatch services and
paging systems 1o assign and reassign personned m the
tield. to locate and deploy equipment. to hundle
emergencies, and (o decrease response tme to dispers-
¢d consumers and chients.*?

Dispatch services, in all cases. were unlbized by
field-uriented. service delivery arguamizatians. ue dive-
stons of organizations. Twoway mubile tadivs were
diftused throughout the smaller. basically single-
function orgamzations with the head of the finm
using the system most (requently. This person. usual-
ly Mighly mobile, could be contacted when super-
vision and’or supplies were needed. or when 4
deciston-making situation or emergency arose which
hisiher emplovees felt they could not haadle. ur pre-
terred not to handle, without receving tugher level
approval. At the same nme. the head ol the tium
could contact histher employees whecever they were
t monitor ur redirect their etforts.

In the larger organizauons, dispatch services were
used primanly by field operatives: e.g.. park police.
delivery-persons, servicepersons, and utility  lweld
crews. Higher level pecsonael have little if anv wtor.
mation that has to be immediately or directly com-
municated (0 ihem, alleviating the need for upward
diffusion ot the mobile system tu these levels. In ud-
dition, field operatives can contact anddle-level tech-
nical and admimstrative personnel at heudquarters
when they have a question or problem. Further. the
communication needs of higher level personnel dilfer
from those in the field-service sectors i that they ire
more proprietory, mote stationary, less routine. and
of longer duration. For this reason. 100, 4 speuitically
mobile syste is less useful 10 them.?

' 11 should be noted that 10 ¢very ofganigation scudied. it
was 3t the urgaazahion's owa Iitiative chat the system was
installed; they did nol acquire it as a result of markelng
efforts by producers. Bach orgamzation sought out i pro-
ducer or distributor to 1nstall the mobile communicanon wys.
tem and then actively participated in its design to isure that
it fulfllled the orgamization’s needs. This indicates that there
was 2 mobile commuineanion “gap” that the owners/mana.
gers believed would be fliled by installig ¢ mobile communt-
cation system.

3 Similacly, the characteristics of the users of paging sy
tems varied with the size of the organization under study. In
smaller organizations, the users were typically the owners

o
hey

MONS 085125



A definnte diffusion pattern took place within the
larges orgamzanons, The first field units 1o have o
dispatch system nstalled were the ones that handled
energencies: next were those umits which handled
1anly toutne jobs bike Tretd construction and mstaila-
aon; Tollowed by those units charged with speaific
functions, like fickd anspections, where operations
wather  closely Jollowed  a predetermmed  work
schedule. [ general. the more non-toutine 3 lield
aperative’s task, the more likely he,she was 1o have
access (0 g mobile system s Liest stages of intrg.
duction,

Fur example, w the case of one ol the large clee-
trie unhity companies, the transnussion hines service
diviston was the st o weewve dispateh sesvice, This
division handles extremely dunge rous and non-routine
assignments where speed and efficiency are of utmost
importanee i nsuung continuty of service, The elee-
e service division, which handles customer come
plaus, was then equipped with o mobile system.
While their task 15 also dungeraus and non-routine,
the vonseguences of 2 slower tesponse time are not
usually as adverse us disruptuon of transission hne
service. The gas seovice division, with the moce rou-
tne functions, recesved the system next

This thiee stage dilfusion process also took place
w the parks depariment, The purk pulice, who
handled emergencies, were the first (o have radios
installed, second caine stal'f supervisors who taveled
from park 10 park inspecting tacilities and dJealing
with park attendant problems. and third came the
maintenance persons whose activities tended 1o be
more programmed and routine.

In Jarge orgamzations. the dispatch system was
never expanded beyond the secturs involved wiith
lield service to the public. Likewise, in most organiza-
tons with paging sysiems, there has been linle dittu-
ston of the system beyond tield departments or divi-
stons; an adequale number of pagers were rented to
meet the percerved mobile communication needs of
the divisions and there diffusion of the system typr
cally ended.”

wdfor managers of the companies. while i the lurger organt.
zatinas, the usecs werd at the supervisury and tield workee
tovels, Reflecting managenial utihizotion, there was a cerlan
Jegrew uf status assocsated with benvg ussigned a pager in the
smaller orgamizations. In larger organszativns, the technology
was perveived Much More a3 3 contmumcation ool much
Wke J telephone. Hence, many of the mdividual paging woirs
1 the urganizations studied were not considered 1o be the
“propeely” of a single employ¢e, but instead, were shared by
a number of users. Thus. widividusls may or may not have
pagers on a given day depending, 10 a farge extent, on therr
and their co.workees” workload.

I Phe exceplions to ths generalization m our xample of
gomzations were the medical scoul, the teaching hospital,
and the chemacal manufactuning firm where, after the first
depactonnt acqurred paging wiits, other depastinents BEgan
ty demand that they (00 receive pagers. This may partly be
<¢xplamed by the stalus associated with the pagers, that is, as
2 symbol of depactmentul tmportance, but it is equally tskely

Social and Organizational Hinpacts

Although few orgamizatons have underthen 1 oy
evaluation. 2 prelimmiary sssessment of seang -t [
social and economic impacts of mstatling 4 e
COIMUICIUON sy stem cun be made. i

Economie npacrs

There was general consensus among exevutines -
adnimstrators that then arganZzanons were oy
saving money and providing better servce o Ciens
Or customers as g result of mstalling o mopde <an
municaiion systeny, They made reference e docr s oo
U tiansportsbon. costs e ferms of teael e ad
anleage for field workers. One large ty puitie weoik .
department undertook o study which shoved o
their — dspatch  system produced v '
$.35 huemployee, and un elevaton manalfacare: .
mated that their paging svstem saved $.90 1o
viceperson i telephune calls.

Despite the alleged inceeases in etficiency
fram inproved comnnmication copabilus . .
tons neither developed new servives o e -,
thetr service areas. Those using pagers did nos ao
thetr service aeas bevanse the range ot then e
tully covered their potentigl ares of apetstions. Mo
over. many ot the vrganizdnons usimg dispatch s
vices, such as the parks department and the an v
firms, have tegally prescnibed service aeas. o vy
mzatons not having delmited service sieas L
mobile commuiication system permutted v
wlensive servicing of the ousuimg ares s
demand for the service had generalls en sy
than the orgamzanon’s ability o supply 1 eificent
betore the system was mstalled. In shoet hecanse b
range ol their system was adequate or bevaase "hes
had to vperate within legally delimuited service aiei
orgamzatons used  the efficiencies lermang
mobie communcation systems 1o expand the niem
ber of customers they could service withm an ares @
deliver more services, ur (o deliver the sme wovce
awre expeditousty.

Coordination und Control

Improvements in service appeared to result trom ihe
argasization’s ability to assign and reassign men and
matenal in a more efficient way with 4 mobike W«
tem. For example, 3 number uf supervisors spaae

that there was 4 real percerved need tor the pagers on the pare
of the viher departments. The pattern of ditfusion o thess
three organizations was. however. quite sumibar tu that ated
i the study of two.way radio users. The watem wis hied
wirndoced wn those depariments which handied Frequent
emergencies. [t was next acquired by those which handicd
occasional emergenciex. but Whose Mission Provrniy entaiked
Wofe toutie work, Finsily, the aystem spresd G depan
ments where jobs were quite routine: n these umies. pigers
are more of 3 convenrence of status s mbol than 4 il o o
RIS IHON DecessIty
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dispateh services as providing them with direct links
to thesr men, enabling them (v utihze field personnel
as their “eyes, ears, and hands™. Smaller firms also
used the wobile system to centralize technical advice
by keeping specialists at the home base. thus increas
myg ther productivity. This type ol situation was not
found m ihe fwger orgamzations where field vpera-
tves, for the most part, were highly skilled crafismen
and joutnevmen who had brde or o need to ask tor
wchnical advice  only Tor parts. equipment. and
hational intormaton, .

The predomuiian: iype of headquariers-to-field
transmissions approximately 7543 were locational.
kven  ficld-to-headyuarters  transpussions for assis-
tanee and techmeal advige, though more frequent m
the smuller orgamzations studied. did not veeur as
ulten as locational transimssions: when the uses i
small and large organizations were considered togeth-
er, Locationat transmissions. in addition, teoded to be
mstitutnabized, especially in the lager viganizas
nons. tn many cases. ficld personnel were responsible
tur calling i when they arnved at a job site, when
they completed the assignment, and at speciic time
mtervals. Such tocational transmissions allowed leld
personned 10 complete a larger number of jobs during
the day: from the orgamizations’ perspective, there
wis less “wasted time ™ in deploying and courdinating
personnel.

f-or example, personnel i the electric service divie
sion used theirr mobile radio to obtain information
mstead of returnng to headquarters or attempting to
find a regular telephone. Working through the dis-
patcher. the supervisor ivormed them where the
power line was located. 1ts path. whose humes were
bemg fed elecuicity. which other personnel were
working on the line, etc. Simdarly. as a resuit of in-
troducing pagers, emergency crews ol the elevator
manutactunng concern were able to mainain direct
contact with headquarters. The firm was also able to
1espond more gquickly 1o emergency calls for elevator
repaurs because crews in the field could be contacted
directly for reassigniment.

The case of tefevision news crews provides an
miterestng example of the effects of mobile sysiems.
AL wie tune, all communication between the news-
roum and camera crews in the field wok place via
twosway, carmstalled radios. Many “spot” news
stoties were theretore nussed because 1 news crew
covering 3 story could not be contacted for reassign:
ment. Since the additional introduction of pagers,
better and mure cumplete coverage of news events
could be provided.

Job Structure and Worker Satisfaction:

The overall response of workers to having to use a
mobile communication system was favorable. None
ol them fett that they were working more, though
several vommented that their productivity had in-

creased 45 a resubt of using pagers. That respondentis
were favorably disposed to using the system muay he
explamed by three factars.*® First, few workers had
to use the yystem during non-working hours: bemp
puged was considered us part of their jub. Second.
because pager users 2l held some pusiton ol respon-
sibility (e.g.. docturs) or felt that their work was
important (e.g., clevator repatrtnen, fnemen. tele-
vision cameramen ), they beheved that the mobtle syvs-
tem helped them to respond toassigniments, emergen-
cy and routine, more etfectively. Third. the sy stem
reduced enors and wnnecessary tips thas increasing
workers' confidence w thesr abiity o handle devr-
sions and problem sitvaaons becawse they had inone
rapid contact with (heir supervisors. Indeed. workers
and supervisors/managers agreed diat dispatch e
vices provided both greater control uver and greater
support uf field personnel ™ I fact, tespondenis
found it difficult W separate these (wo activities,
many actually statng that support and contol go
hand in hand.

ft is turther the case that, wiile workers could
accomplish tasks mose etficiently due to substantially
reduced response time, the actual structure of thewr
jobs was not markedly changed. I fact, the alterations
that did occur were in jub structure were viewed as
being in a positive direction - towards increased trees
dom and Nexibility. Muny ol the users were sble to
maintain less rigid schedules since they could be von-
tacted it they were needed. Addinonally. several ot
the veganizations allowed employees o conduct per-
sonal errands during slack working houts sice they
could be in constant conumumication via the paging
system,

Possibilities tor Adoption ot the Cellular
System
Higher level personnel responsible tur the acquisition
of the mobile communication system in thew vrgani-
cativn genetally expressed a great deal ol satistacuon
with it. They indicated that dispatch services and
paging systems provided a convenient and adequate
communeaton link for employees who weee mobile
While their perception may have been colored by 3
recession-induced outlook. they considered few of
the innovative features of the cellular system. such s
privacy, two-way capacity. virtually unlimited num-

3 A few of the docturs. who are sometimes paged as often
a5 80 to 130 times a day, did express some negative feehogs
about the numbee of pages they received, but they were
quick (0 1dd that they could not get atong without the sy
tem.

M perhaps as important, especially for pun-peofessionals
such a5 plumbers, the svstem provided them with 4 way 1o
teansfer some responsibility (oc field-celated technical snd
deploy ment decisions back 1u the supervisors, Thi transter-
ence of respomibility seemed to provide supervisors with the
feeling that they had greater control vver the subocdinale’s
activities and subordinates with greater feelings ot suppon
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ber of users. and extended range, as either desirable
or necessary.’® The two-way capacity of the cellular
system was viewed as unnecessary by pager users
since 1hey usually have ready access to fixed tele-
phones if they work in an office. Further, page
acknowledgment capacity is increasingly being used.
Of course. dispatch service has two-way capacity,
although time limits are imposed on conversations.
Higher level personnel in only two orgamzations
were interested in the privacy feature of the new sys.
tem. Onc police official indicated that in publiv emer-
gency Situations or stake-outs, privacy would be destr-
able but hat, in general. it would be relatively unim-
portant. The manager of the national chemcal cor-
puration also expressed some interest in the privacy
aspect of the systemn when a situation involved dunger
to the public and there was concern about possible
panic. In some instances, privacy was definitely not
desired.”® ln fact, a number of dispatch users stated
that the “openness’™ of the system was valuahle since
each field operative could hear his co-worker’s radio
transmissions and sometimes be of assistance. Like-
wise, except for dispatch users facing spectrum limita-
tions, the cellular system's unlimited user capacity
scemed to hold little interest for higher tevel person-
nel since they thought of their current system as
being virtually limitless; however, the improved
quality of transmission would be an attractive feature
for some dispatch users because they experienced
occasional interference and frequency overload.
Several features of the cellular system were actual-
ly objectionable to many respondents. For example,
paging system users were concerned about the size of
the portable units in the cellular system. Employees
could carry pagers on their belts ot in their pockets
anything larger than this might be an effort to carry.
Further, a person can ¢ither respond imnmediately or
at some later time when he/she is paged. The new
system would require that the response be given
immediately. This could cause etiquette probiems for
executives in a meeting or in other constraining situa-
tions. As one person put it, *You'd be looking for a
closet wherever you were so that you could answer
your phone.” Another objectionable leatuce of the

? (ost factors seemed to strongly affect respondents’ bias

aguinst the cellular system: with the exception of respondents
n one lsrge national corporstion, none of the owners or
managers expressed appreciable interest in the cellular system
unless the cost could be brought down 10 approximately the
current cost of pagers or radia systems. In fact, a number of
respondents commented that they would be uninterested in
deploying new communication equipment unless it could be
clearly shown that it wouid save a substantial amount of
money,

1t was noted that during some civil disturbances. it is
desirable to have some police broadcasts overheard since the
knowledge that police are on the way will (requently cause
“mob" to begin to disperse. Additionally, it was indicated
that officers ars able 1o “watch-out” fot one anothver if their
¢adio contacts are heard by a number of other officers.

proposed system can be termed “use unperan
that is. several executives felt that If vou had the
system, you would feel obligated tv use 1t in order 10
justify its expense.

In short, higher level personnel did not view the
cellular system as an attractive replacement for thes
present mobile systems. Only the unlimited number
ol users and. 1o a lesser extent, the POVICY ol oo
munication characteristics were viewed as positive
considerations

TENTATIVE CONULUSIONS AND DIRECTIONS
FOR FUTURE RESEARCH

Even at this explocatory, fieldwork stage ol the inves.
tigaton, auportant clues concermmg the poteniial
uses and impacts of emerging mobile communigation
technologies have been uncovered by studying t pes
of users and patterns of use of existing mobile | -
munication systems.

[t can be tentatively asserted. for example, that
orgamzations presently using dispatch services and
paging systems in their field vperauons are not 4
likely source of demand for the ceflutur system. A
new market will therefore have to be devetuped. Such
a demand for the cellular system may appear
white-collar service organizations at higher levels in
the managerial and professional hierarchy thun where
mobile systems are presently being used. Higher level
personnel may have privacy/proprietary ind status
needs which would be well served by the cellular s s-
tem. A second potential clientele 1s made up of selt-
employed or independent professionals (doctors,
lawyers, real estate salespersons, engineers, architectss
— both those presently using paging svstems or the
conventional mobile car telephone, as well 15 those
who do not now have a mobile communication sy s
tem. A thurd potential user group consists of urganiza-
tions engaged in police, emergency. and uother
disaster-related activities. Despite the assertiun that
the openness of commumcations in extsuag mubile
systems is considered an advantage, the need for
private or secure communications is nevertheless ot at
least equal importance 1 this area and may well be
persuasive in adopting the cellular system i« -
Jjunction with current mobile systems.™ Finally. the
mushrooming market for citizens-band radio suggests
an enormous potential demand on the part of average
citizens for mobile communication capacity n per-
sonal and recreational (us well as quasi-business) uses.

* The New York Telephone Company's lower Manhattan
switching bullding fite in carly 1975 provides an example o
the importance of a high capacity mobile telephone sysiem iy

at least a back-up to the existing fixed line network. In this
instance, conventional mobile telephones were provided 1
police, fire, and other (1 n

order to mantain at least some communication capaety
during this " disaster’.
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1t is v this instance of “the techaology as a toy " that
thete 15 the potential for massive penetration of the
cellular system.

Future research will continue to locus on existing
forms of mubile commumications (radio dispatch ses-
vice, paging systems, the conventional mobile car tele-
phone, and citizens-band radios) but in a more
rigorous and in-depth manner. Survey questionnatres
will be mutled (0 4 sampie ot users and matched non-

users of these technologies in order to derive 4 sigiut-
icant and relisble data buse about usuge patterns and
social impucts of these technologies. Through analvtie
induction, suine statements about pussible impucts of
the cellulur systein will be denved. Tlus intormation
will be utilized by the other researchers m the com-
ponent mvestigations as well s by the technology
assessment group as a whole in developing impact
chains and policy recommendativns.
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Coates’ Corner

THE YOSSARIAN

This column is pleased to announce the establishment
ol a new annual award, the Yossarian, for that act of
crednve or pertocaung artoin or out ol bureaucratic
organizations, which displays most effectively the
vital innerdynanucs of large organizations.

The Yossanan will be awarded annually in mid-
July, tt will consist of a large eagle, carved from a
block of ice. The recipient will receive the award by
surface mail, Nominations must be in hand by July
13th.

A current contender for the 1976 Yossarian is a
recent Hollywood film, “*Qne Flew Quer the Cuckoo's
Nest™. This can be seen as a tale of the difficulty
management faces in the operation of 4 lunatic asy-
lum,

Nominations for the 1976 award may be pre-
fiminarily submitted (in triplicate) to this columnin a
self-addi 1. stamped envelope. marked return to
sender.

LONG-RANGE TRENDS -
A STARTER SET

One of the major difficulties associated with any
technology assessment is the matter of state-of
society ussumptions and possible discontinuities,
shifts and changes in and among them. The implica-
tions of continuity and change in those trends for the
physical, biological and soctal technologies and the
related public policy. is a central matter in future
planning. Without wishing to suggest here in deétail
how vne might begin to utilize long-range trends, 1
offer some sixty long-range trends as a starier towards
beginning to understand and systematically consider
the implications of trends with regard to any tech-
nology. Any specific large-scale problem in technolo-
gy should be analysed and evaluated against this
trends background.

General Long-Term Societal Trends

Economic prosperity and affluence

Expanding education throughout society

Rise of knowledge industries and a knowledge-
dependent society

4 Relative decline in common knowledge of the
physical world

Urbanization/Metropolitanization

6 Rise of the middle class society

s -

w

Jaurnal of the International Society for Technology Assessment, Spring 1976 2[ST4

~

Cultural homogenization — the growth of 4
national society
8 Growth of permanent military establishment
9 Mobility

4 personal

b physical

¢ oceupational

d jub
10 Internationat affaics and national SeCumy Js 4
major societal facto

Technology Trends

11 The centrality and increasing dominance of rech-
nology in the economy and society

2 Integration of the national economy

3 Integration of the national with the internstonal
tconomy

14 The growth of research and development s 2

factor in economy

15 High technological turnover raie

16 The development of mass media in telecommuni-

cations and printing

An awareness of the finitude of resources

“

Trends in Labor Force and Work

I8 Specialization

19 Growth of the service sector

20 Relative decline of primary and secondary em-
ployment

21 Growth of information industries.
toward an information society

22 Expansion of credentialism

23 Women, blacks, and other minonty groups enter-
ing into the fabor force

24 Early retitement

25 Unionism

16 Growth of pensions and pension funds

27 Movenent toward second careers and mudlite
change in career

28 Decline of the work ethic

movement

Trends in Values and Concems

29 General shift in societal values

30 Diversity as a growing, explicit value

31 Decline of traditional authority

32 The growth of anti-authoritarian movementis

33 increasing aspirations and expectations ol success

34 Growth of tourism, vacationing and travel

35 General expectations of high level of medical
care

International Sociery
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36 General expectations of high level of social
service

37 The growth of consumerism

38 Growth of physical culture and personal health
movements

39 Civil rights, civil liberties expansion for Blacks,
Chicanos. gays, and other minorities

40 Growth of women's liberation movement

Family Trends

41 Decline in birth rates

42 Shifts in rates of family formation, marriage,
divurce and living styles

43 The growth of leisure

34 The growth of the do-it-yourself movement

45 Improved rutrition with the consequent declines
m the age of menarche

46 Protracted adolescence

47 Decline in the number and significance of rites of
passage, birth, death. marriage, etc.

48 lsolation of children from the world of aduit
concern

49 The accuituration of children by other chiidren

50 The growth of a large aged population

S| The repl of the ded family by the
nuclear family and other living arrangements

Institutional Trends
H

v

The institutionalization of problems. This is the

tendency to spawn new institutions and new in-

stitutional mechanisms for dealing with what

were in the past personal, private, or non-govern-

mental responsibilities

$3 Bureaucratization of public and private institu-
tions

34 Growth of big government

$5  Growth of big business

56 Growth of multi-national corporations

57 Growth of future studies and forecasting and the
institutionalization of foresigh hani and
long-range planning

58 Growth of public participation in public institu-
tion and private institution decision-making

59 The growing d ds for ability and the
expenditure of public resources

60 Growth of d ds for social responsibility

If one were studying a particular technology, there
would presumably be subsidiary trends peculiar to
the technology or the institution or the public or
private frame in which it is imbedded. For example,
there would be special long-range trends in the chemi-
cal industry, in the manufacturing and seiling of auto-
mobiles, in health care delivery, and in focal
government. [t would be a good start to use this list
10 see how many dlirectly transfer to a particular area.
Trends to bureaucracy, credentialism, participation

and telecommunications. for example. permeate i
sectors. Backing away from these trends. which I gl
middie level long-range trends. one might also want (o
keep in mund the more general lung-term multi-phase
trends identified by Herman Kahn and vthers,

The author welcomes comments and suggestions
tfor vther specific long-lerm trends that might be ad-
ded or utilized in the expansion or extension of this
list.

WORLD PRIORITIES: CANDIDATES FOR
PROBLEM FOCUSED TECHNOLOGY
ASSLSSMENTS

Boris Pregel, Harcld Lasswell, and Joln McHale
edited Volume 26 of the Annals of the New York
Academy of Sciences {227 pp., September 1975). on
the general subject of “Environment and Suciety in
Transition: World Priorities™. The report is an excel-
lent introduction to many of the problems attecting
the world. {t is written from authoritative and credi-
ble perspectives by people ot the calibre of the edi.
tors. By the nature of the case it has much to
recommend it as a mine for problem-originated tech-
nology assessment topics. In the limited space avail-
able. without doing justice to any of the authors.
consider the topics covered. A Survey of the World
Priorities”, by John McHale. follows his now tradi-
tionally fine systematic exposition of complex issues.
It gives an excellent sense of vollective thinking on
world priorities. Other articles deal with the qualny
of life, alternative futures, energy, world monetary
order, policy selection, economic growth, education,
science and technical information, foud population,
violence, and other subjects.

THE SECOND AMERICAN
REVOLUTION: A VIEW
FROM MOUNT OLYMPUS

In 1973, John D. Rockefelier 3rd published a bouk.
“The Second American Revolution - Some Personal
Qbservations™. [t is an interesting digest and sum-
mary of much of what has been said by vthers ubout
the generally unsatisfactory state of the Republic.
However, this book enjoys singular interest. com-
prising as it dues the deliberations of a man ot signiti-
cant corporate and industnial responsibility i the
United States. Some indication of the scope of “The
Second American Revolution™ is given by the titles of

the first seven chapters, which deal with currents of

change, Blacks, youth, values, conflicts, new values.
and the crucial role of the modecates.

The second section of the book, un critical areas,
covers in nine chapters such topics as the sell-renewal
of organizations. humanistic capitalism. corporate re-
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sponsibility. the role of government. the giving soci-
ety. a learning society, a planning society, and the
politics of humanism. The book ends with a personal
view expressing optimism and the author’s interpreta-
tion of the concepts “private initiative™ and “quality
of life”. The style is gracious, conversational. tenta-
tive and unpretentious. The book is available trom
the publishers, Harper and Row, for §1.50.

ILLICH VS, ENERGY

In the mass of data, information and propaganda
being disseminated on the worldwide energy situa-
tion, it is unusual 1o find someone with a truly fresh
perspective on the matter. In this regard. Ivan Nlich’s
book, “Energy and Equity” (Harper & Row, New
York 1975) is provocative and radical in getting to
the roots of the issue. It is the energy equivalent of
his famous *Deschooling Society™.

A sampler of lllich's thinking: he points out that
there are two common approaches to dealing with the
energy situation, One is to addzess the supply side of
the problem, looking for new methods, means, and
resources (o meet growing energy derands. The sec.
ond approach is 1o look for means of conservation,
reducing both waste and demand. lilich points out
that very little effort has been made to deal with the
issue from an organizational pesspective, such as put-

ting those responsibie for encegy programs in 4 pusic
tivn of being conservative with energy. Takmng this
concept and applying it tu the American sitwation. it
would be an interesting problem to tum tv the Ener-

R ch and Development Admimsiraion or the
Federal Energy Administeation and make it a condi-
tion Tor employment in the urganization that vne
engage actively in an energy uccounting and conserva.
tion program. For example, one could imagine 1 year-
ly energy balance and running inventory of energy
consumption struck for each employee and his ranu-
ly. This could add a new rcality to the energy issues
in the lives ol those responsible for deabing with
them, Consider the results if vne were 10 ;;m\lde
some kind of incentive or reward lor each [0 or 3 %
decrement in annual consumption that could ensue
Bringing the realities of a problem home w the bu-
reaucrats is vne vf the central problems Facing every
major national and world issue. Illich has some heen
thuughts on this question.

O'NEILL'S LAW

As you all know, the great anonymous Murphy pro-
claimed the tundamental law of human activaty that
“if anything can go wrong, it will”. We have learned
recently via Kenneth Boulding of the more powertul
QO'Neill's Law: “Murphy was an optimist™.
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Information for Authors

All manuscripts (with the exception of review papers)
are submitted with the understanding that they are
not under consideration for publication elsewhere or
that they have nuot been published previously. If a
paper has been prepared for presentation at a meet-
ing, this information should be noted on the manu-
seript. Accepted manuscripts become the property of
the journal.

Preparation of Papers

Manuscripes are to be submitted In triplicate, double
spaced. Authors should aitn for a clear, concise style
in the presentation of all material. The 2nd edition of
Webster's Unabridged Dictionary is suggested as a
gutde for spelling and punctuation.

Abstract — A factual account of the contents and
conclusions of the paper, as well as an indication of
any new information presented and its relevance,
should accomparny e.ach mlnuscnp( in the form of
one e, paragraph of not more
than 250 words.

Introduction — A short introduction should state the
purpose of the work, with brief reference to previous
work on the subject.

Text — Authors are urged to arrange subject matter
clearly under main headings and preferably one
degree subheadings.

Acknowledgments — Recognition of financial support
or other assistance in the preparation of a paper
should be given in a separate paragraph under the
heading, Acknowledgment(s), after the concluding
remarks of a paper. -
Ciwtion of Bibliographic Material — Bibliographic
material should generally be cited in footnote form.
In the text, the numbers should be set off by using
superior Arabic numbers. All footnotes should be col-
lected on a separate sheet at the end of the manu-
script. Authors who wish to cite large numbers of
published works and find it inconvenient to use foot-
nutes because of the amount of material Involved
may list them as References and insert the numbers in
the text in square brackets.

Both footnotes and references should be presented
in the following style:

| Coates, V.T.: Technology assessment in the poli-
tical context: A summary of an AAAS session, J.
Int. Soc. Tech. Assess. /(2): 45-49 (1975).

2 Amstein, R.. and Christakis. A.N. (eds.): Perspec-
tives on technology assessment: pp. 45-49 (Sci.
ence and Technology Publishers, Jerusalem 1975),

Units — Metric units are preferred. If other umits are
used, they must conform to standard practice.

Equations, Formudas, amd Svmbols — Whenever pos-
sible, mathematical equations should be typewritten.
with subscripts and superscripts clearly shown. All
Greek letters, bold-face letters, and special symbols
should be called out the first time they appear. A
clear distinction should be made between the figure |
(one) and the lower case | (ell): between the capital
letter O and zero (0). To simplify typesetting, please
use fractiunal expunents instead uf root signs, and use
the solidus (/) in simple fractions; bold symbols should
be underlined with a wavy line.

Tubles — Number tables consecutively with roman
numerals, and give a clear descriptive caption. Each
table should be typed on a separate sheet. Vertical
rules are to be eliminated. The units in which results
are expressed are given at the top of each column
only.

Figures — All figures should be numbered with cun-
secutive Arabic numbers, have descriptive captions und
be mentioned in the text. An approximate position
for each figure shuuld be indicated in the margin.

Preparation: Figures must be of a high enough
standard for direct reproduction (otherwise authors
will be charged for the preparation of drawings). Line
drawings should be prepared in black {India) ink on
white paper, with all lettering and symbols included.
Photographs intended for halftone reproduction must
be good glossy originai prints, of maximum con-
trast. Each figure should be clearly labelled with the
author's name, the title of article, and figure number.
Original illustrations will only be returned at the re-
quest of the author.

Figure legends: Captions should not be typed or
hand written on the illustrations. They are to be col-
fected in numerical order on a separate sheet.

Proofs — Authors will receive page proofs (including
figures) by airmail for correction, which should be
mailed back to the printer within 48 hours of receipt.
Please ensure that a full postal address is given on the
first page of the manuscript, so that proofs arrive
without delay. Author's alterations in excess of 10%
of the original composition cost will be charged to
authors.
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