


T




LA CRISIS DE LA LNEKGIA

TEMAS AFINES

MUNITER & ¢

ENE KU




UNIVERSIDAD AUTONOMA DE NUEYD LEON

CENTRO ELECTRONICO DE CALCULO
MATAMOROS 175 PTE s 1.a o
MONTLRHEY, N | MEX1 (¢

m\TAalE\

FIVE VIEWS UN VALUES AND ‘'ECHNOLOGY

KARL E« SCHEIBE

VISION, FAITH, AND KNOWLEDGE

DUNCAN T. HOLLOMON AND J. HEkKBEx) HULLOMON
ON THE SOCIAL PSYCHOLOGY OF ORGANIZATIONAL
RESISTANCES 170 LONG RANGE SOCIAL PLANNING
DONALD N. MICHAEL.

GUALS FOR TECHNOLUGY

JOHN G. TRUXAL

UNIFIED PROGRAM PLANNING

J. DOUGLAS HILL AND JOHN N. WAKFIcLD

THE MODELING PRUCESS

Ge. ARTHUR MIHRAM.

SATELLITE POWEK STAT ONS: 9 NEwW SOUKRCE
OF ENEKGY?2
WILLIAM Ce BKOWN

ENERGY : ' CkISIS AND CHALLENGE
GORDON D, FRUEDLANDEK

TOWARD A NATIONAL ENERGY POLICY
GORDON D. FRIEDLANDEK.

OlL: THE OMWIPOTENT ENEKGY OSOUKCE
GORDON D. ‘FRIEDLANDEK

CONSERVATION : A POSITIVE POSITION
ROLAND C. CLEMENI

PLUMBING THE OCEAN DEPTHS: A NEw
SOUKCE OF ENEKGY

ABRAHIM LAVI AND CLAKRENCE ZENEK

SULAR ENERGY PROGRESS - TWORLD PLCTUkrE
JOHN I. GELLOTT=

POLLUTION POLITICAL =EXPEDIENCY?{ AND TECHNOLOGICAL
COMPETENCE «

ED KEINECKL

DeESIGN OPTIMIZATIUN USING COMPUTEK
TECHNIGNES

A. D. MAYFIELD




UNIVERSIDAD AUTONOMA DE NUEVO LEON

CENTRO ELECTRONICO DE CALCULO
MATAMOROS 175 PTE TELS. 43-54-94 Y 42-42-49
MONTERREY, N. L., MIXICO

AN ENGINEER LOOKS AT THE ENERGY DILEMMA
ROBER1T W. GRKAHAM

SOLAR POWERED REFRIGEKATION
ROBERT K. SWARTMAN AND C. SWAMINATHAN

COMBINED HELIUM AND STEAM CYCLE FOK
NUCLEAR POWER PLANTS.
8. R KILAPORTI AND M. M. NAGIL

POWER IN THE YEAR 2001 PAKT 1
DAWN OF THE SOLAK AGE
SAMUEL WALTEKS

POWER IN THE YEAK 2001 PAR! 2
THERMAL SEA POWER
SAMUEL WALTERS

POWER IN THE YAk 2001 PAR!( 3
SOLAR POWER
SAMUEL WALTERS

POWER IN THE YEAR 2001 PART 4
ROC:. BURNING AND SEA BUKNING
SAMUEL WALTEKS

COOLED FAST FREEDER REACTUk DESIGNS
J« B. DEE AND G. B. MELESE D HUSPITAL

M.H.D. CENTRAL POWER: ASTATUS REPOKT
J«B.DICKS,.

POWER PLANT EFFUENT - THERMAL POLLUTION
OR ENERGY AT A BARGAIN PRICE ?

W.S. LUSBY AND E. V. PRICE ?
RADIATION THERMOMETRY PAKI 1
RECENT ADVANCES AND TREDS

GENE D. NUITEK.

ENVIROMENTAL M\NAGEMENTS

TERRY W. ROTHE.MEL

RADIATION THERMOMETRY PART 2

GENE D. NUTTER.

ENGINE AND THE ENVIROMENI

L. D. CONTA.




UNIVERSIDAD AUTONOMA DE NUEVO LEON
CENTEO ELECTRONICO DE CALCULO
MATAMOROS 175 PTE. TELS: 43-549%1 Y 43-42.45

MONTERREY, N. L., MEXICC

30,— THE SOLAK ERKA PART 1
THE PRACTICAL PROMISE
LEON P. GAUCHEE

TRENDS IN ENERGY NEEDS

FRANK A RITCHINGS

THE SOLAR ERA PART 2
POWER FRODUCTION WITH SMAEL SOLAK ENGINES
FARRINGTON DANITELS

THE SOLAR ERA PAKL 3
SOLAE KADIATION: SOME IMPLICATIONS AND ADAPTALIUNS
BAKOLD R. HAY

TUNED DOATING PLATFORM FOR OFFSHORE
POWER FACILITIES.
JOHN F. HOLES AND CHARLES R. FINK

THE SOLAkx EKA FART 4
THE UNIVEKRSITY OF FLORIDA " ELECTKIC "
H.Ke Ae SCHAEPER AND ERICH A FAKBER

THE SOLAR ERA PAKT 5

THE POLLUTION OF OUR SOLAK ENEKXGY

P.K. SWARIMAN, VINH HA, MICHEL JULIEN AND
Da J o WHITNEY

37«- THE ENEEKY CKISIS
THE ENERGY CKISIS FORM NEW YORK

BOON TO SOCIETY THE L M F B R
R. J. CREAGAN

39.- LONG-RANGE APPROACHES FOR RESOLVING
THE ENERGY CKISIS
ALVIN M. WEINFERG

40.,- TECHNOLOGY, THE ENERGY CRISIS, AND OUK

STANDARD OF LIVING
FRED SCHULMAN




UNIVERSIDAD AUTONOMA DE NUEVO LEON
CENTRO ELECTRONICO D& CALCULO
MATAMOROS 175 PTE. TELS. 43 54-94
MONTERREY, N. L, MEXICO

d Y 43-42.19

4l.- THE ROLE OF HTGRS AND FBRS IN MEKTING
THE ENERGY CRISIS
PETER FORTESCUE AND H. B. STEWAKI

42 .~ ENERGY, TECHNOLOGY AND SOLARCHITECIURE
H. K. HAY

43.- LAKGE - SCALE SULAK POWEK VIA THu
PHOTOVOLTALC EFFECT.
Je. Jo LOFERSKI




IEEE RANSACTIONS ON SYSTEMS, MAN, AND CYBERNETICS, VOL. SMC-2, NO., 5, NoviMiEr 1972

1

Five Views on Values and Technology

KARL E. SCHEIBE

Abstract—This paper describes four common postures in writings on
values and technology. These are called: the Luddite, the technocratic,
the apocalyptic, and the “cautionary moral sermon.” These positions are
considered (o be legitimate, but lacking in both instrumenial signifi;ance
or adequacy of their conceptualizations of human villues. A discussion
of values in the framework of a rudimentary decision theory is then
presented. This leads to a consideration of several pradoxes involving
vilues—one based on the dimension of time, another bascd on the shift
from individual to collective values, and the third based on the excliange
of one type of value for another as problems are solved. These paradoxes
are offered as partial justification for a fiftl perspeciive on the relation
between values and technology: that of ihe “curious, hopeful, and
soinetimes astonished observer."

INTRODUCTION

h | ‘,I\? RITINGS on values and technology seem to me to

fall into several categories, all of which | want to
avoid if only because each category is already well visited.
I have forced four such categories into exisicnce and have
aflixed to each a label. These are: the Luddite, the techno-
cratic, the apocalyptic, and the cautionary moral sermon.
After a brief description of each of these, I would like to
describe my own perspective on the probleny, which [ will
call that of the curious, hopeful, and sometiies astonished
observer.

The Luddite

‘The basic premise of writers in this category is that
technological development is inevitably and fundamentally
dehumanizing and corrupting. In a technologically de-
veloped society, man is forced to live in a way that is both
unnatural and spiritually depraved. A common specter is
that of shortssighted little men, usually: cngineers * and
profiteering businessmen, who have taken over spaceship
carth and are mindlessly extinguishing all human values,
Bui there is hope. Charles Reich foresces a spontancous
emergence of a new posi-technological mentality which
will restore human authenticity. Theodore Roszak sees hope
in the development of an anti-technological counterculture.

The Technocratic

Skinner [ 11] asserts that technology is our strength and
that if we want to survive we must play from strength.
Technology is on the march, and man must adapt to jt.
Scicnee is accepted as universal ethic, not just a method
for finding the truth. But the admixture of outmoded,
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traditional, quasi-religious ways of thinking and the scien-
tific. sophisticated, correct way of thinking about man has
produced the inefficient and potentially disastrous custom
of “muddling through.” We must clean up our thinking,
design our futures, and control that which we can control,
which, thanks to technology, is just about everything.

The Apocalyptic

This perspective has much in coramon with that of the
Luddites. Both hold that man has created the means of his
own destruction through the exercise of his rational powers.
Howcver, the apocalyptic vision docs not share the belief
that technological development can be stopped or that man
will spontaneously reject the insanc world he has created
and return to pastoral innocence, Scientists, who are still
engiued in the pursuit of saving truths, are not likely to
act s prophets of despair-—-it is incompatible with the
requirements of their role. Instcad. this view uains clearest
expression from critics, such as Leslie Fiedier and Thab
Hassan, novelists and filmmakers, such as < unt Vonnegut
and Stanley Kubrick. Other writers, such as Paul Ehrlich
and Alan Toffler, present visions of the future which seem
almost as hopeless, though they may continue to express
the belief that there is @ way out. The one < red of hope
presented in this perspective is that perhap- i ..¢ upocalypse
will uct as a massive cultural electric-shock treatment.
Possibly, when the dust settlcs, the remainder of mankind
will live a long while before Creating another massive
disaster.

The Cautionary Moral Sermon

The most common practitioniers of this ari form are
scientists themselves, who for one reason or another look
up from their laboratory benches and are alarmed by what
they see. The list of practitioners reads like an honor roll
of science—Rene Dubos, Jacques Monod, George Wald,
Linus Pauling, Garret Hardin, John Platt, J. Bronowski.
The common theme is that scientists have been naive and
unwittingly irresponsible in the pursuit of their calling.
They have been on the glimmering puih of truth and have
trusted to politicians to run the world and 0 e social
scier lists to keep score and offer practical advice. Now it is
clear that scientists have misplaced their trust. They must
rekindle their humane values and must play a crucial role
i creation of a new and more benevolent world order.
With Whitehead [12], scientists must recognize that “*Man-
kind has raised the edifice of science, because they have
Judged it worthwhile.” Science is value-laden in origin and
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el cct, and it is.up to scientists to redeem the trust humanity
his placed in. them by dediciting themselves to tho highest
human valucs,

Another Perspective! The Curious, Hepeful, and Sometimes
Axtonished Observer s

| do not mean fo treat these perspechives on the question
¢! value and technology with disrespect. In fact, § think
thicre is considerable merii in each of theni; But [ have a
goneral dissatisfaciion with them on two counts. First, the
pr actical benefit (of human society of such considerations
is not demonsirably great, A second and reiatea difficulty
is that each perspective contains presuppositions about
human values which strike nie as psychoiogically naive.

Academicians are capable of considerable self-deception
when it comes to considering the inpact of their ideas and
discoveries. Noting the spate of scholarly works on na-
tionalism, a subject not irrelevant to the topic at hand;
Kedourie [7, p. 125] notes:

it is absurd to think that professors of linguistics and
collectors of folklore can do the work of statesinen and
soldiers. What does happen is that academic ( nquirics
are used by conflicting interests 1o bolster up thei - claims,
and their results prevail, He who exercises power,
exercises it while he can and as he can, and if | e ceases
to exercise power, then he ceases to rule. Academic
rescarch does mot add a jot or a tittle to the capacity for
ruling, and to pretend otherwise is to hide with equivoca«
tion what is a very clear matter.

At another point, Kedourie [7, p. 50] observes, “It is
niot philosophers who become kings, but kings who tame
philosophy to their use." Murtatis mutandis this is lso true
fu r science.

My point is ihat knowledge is not necessarily pc wer, nor
does an enlightened perspective automatically at ract the
sy mpathetic cooperation of those in positions of social and
- political power. While we are occupied in talk about the
evaluative implications of technology, our efforts are
mocked by the force of events in the political and social
rcalm. Lots of sensible plans exist for saving men from the
negative: effects of technological development—pollution,
over-population, dissatisfaction with meaningless, repeti-
tious labor, the arms race. But having a plan and being
a ke to implement a plan are very different things. Skinner’s
p an for survival could just work, though | doubt its teche
rn.cal efficacy. But even if it were a great plan, somebody
vould first have 1o give massive politicai power to the
Ssinnerians, and this is an unlikely prospect. it is the
boginning of wisdom about values to recognize that people
G0 not always do what is good for them, even if they sce the
conscquences of their actions very clearly.

This brings me 1o my sccond reservation about the com-
r.on perspectives on the question of values and (e hnology,
Liey do not evince even this rudimentary insight into the
v slues that direct human behavior. A positivistic s« heme for
« sane world order is all well and good, but such 1 scheme

o Y

arouscs ittle - passion. “Instead, there is power in more

:mysterious; doctrines. Leninism, it has been said, has the

twin virtues of “simultancously blurring the mind while
guiding the’ feet.” In certain circumstances, under certain
conditions, men will heed their prophets. However, scientific
training has hardly been a strong suit of the effective proph-
ets of the past. ““When a society stacis (0 feel itsclf hemmed
in by evil portents, whether they come as social unease,
saber rattling, or erratic ‘Dow=Joncs averages, there will
always be somgone with a faraway look in his bright eyes,
shouting, “This way out!” And many of us tend to follow
along because at least 7e seems to know where he's going.
Thercin lics the timeless appeal of psychic prophecy,” [13].
But by some means, effective prophets have acquired a good
functional understanding of human values.

This point has not gone unrecognized. In commenting
on the work of two recent pangls assessing the impact of
aew technology, one run by the National Academy of
Sciences, the other by the Institute for the Future, J.
Bronowski [2, p. 199] observes: '

What the panels guess about chianges in physical and
biological habits is as aiways bold and stimulating; but
what they say about the effect of suchi changes on per-
sonal and social psychology is as always mecager, old-
womanish, and painfully vague.

I assume that it is in recognition of this kind of criticism
that a psychologist interested in values was asked to
participate in this workshop. I also suspe.: that what |
have to say about values and technology il decrease
rather than increase your sensc of certainty abo. the topic.

As a student of human values, I find my os. legitimate
stance to be that of the “curious, hopeful, and sometimes
astonished observer,” and it is ‘this perspective which |
assume for the present discussion. Much is to be learned
about the origins and operation of human values, but the
learning will come from observation, not from prioristic
theoretical conceptions about what values must be, Like all
scientists, the student of values must be hopeful that his
observations will be of positive use. But, if T may hark back
to the earlier point about the differences between knowledge
and power, it is important to distinguish between hopes and
realistic expectations about what the future might bring.
Finally, if the observer is honeést and if he observes widely
enough, he will discover facts about values which are truly
astonishing, or at the very least decply puzzling.

The next section presents a rudimentaty concepiion of
values in a psychological framework. This will be followed
by ‘a consideration of three sets of observations about
human values, each of which is both puzzling and highly
relevant to the question of evaluating the impact of tech-
nological development.

A PSYCHOLOGICAL CONCEPTION OF THE (GENESIS AND
OPERATION OF VALUES
A few years ago | wrote a little book {10], which major

prenise is both useful and interesting to conceptualize at
least some human behavior as following from individual
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oeliets and values. The two key terms are relited to two
mjor areas of psychological research and theory—cogni-
tion and motivation. Also, the terms beliefs and values are
reluted in a generic way to (wo subdivisions of philosophical
inquiry. epistemology and ethics, What a man does is
conceived as depending both upon what he believes (cx-
pecis, knows, suspects) and what he values (wants, desires,
prefers).

Admittedly, such a con. eptualization is highly schematic
and crude: indeed, even il developed it turns out that there
“re many important psycliological questions which simply
cannot or should not be approached in this way. But if one
is to undertake a discussion of values, it is important to
recognize the logistic position of values in a full behavior
theory.

A clear paradigm is afforded by modern decision theories
of both descriptive and nor native varietics. All suc h theories
contain a variable that is cognate to value and all contain a
variable that is cognate to belief. It is also common to all
such theories that choices, decisions, or behaviors are
presumed to result from some combination of motivational
and cognitive antecedents. In simple gambling games, for
instance, choice of play is presumed to depend upon the
expectancy of success associated with each outcome and
the positive or negative payofT of each outcome. In norma-
t:ve terms, the expected value of each bet can be readily
calculated for all well-defined games. In descriptive terms,
& major psychological scaling problem exists in under-
standing how individual expectancies and utilities are

functionally related to the objective odds and payoffs.
The fundamental operation for defining values in this
approach relies upon the preference paradigm. Given a

range of possible objects, events, or states of being, all of
which are equally available to the subject (in this case
expectancies are equivalent for all options), the relative
frequency of choice among options is supposed to reflect
the relative values of the subject for the objects, events, or
states of being in the array. As we shall ‘ce later, some
fundamental problems are submerged by this method of
operationalizing values. However, it should be clear that
the preference paradigm is the major way of closing the
conceptual gap between values and behavior.

If decision theories offer a way of conceptualizing the
relationship of values to behavior, they do so by incorporat-
ing certain facilitative assumptions about the nature of
values. It is generally assumed, for example, that values are
where you find them—preference hierarchies are assumed as
given, and the problem of the genesis of values is simply
avoided. The question of how values are translated into
behavior is only one of the concerns of the motivational
psychologist. The other Question is that of genesis or
development. How do evaluative dispositions come to be
what they are? What are the antecedents for the develop-
ment of human motives?

At one time the stock answers for this sort of question
were taken from the instinct psychologies. Post-Darwinian
th:nkers of the 19th century were ready to consider human
beings as motivated by the same sorts of instinctive dis-
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positions as were thought to control lower animals. How-
ever, the behaviorist-empiricist revolution in 20th century
American psychology led to a rejection of this sort of
explanation. In its place, great emphasis was placed on the
processes of learning and conditioning. The second law of
thermodynamics, leading in physiology to the principie of
homeostasis, led in psychology to the proposition that all
behavior is drive-reducing. This principle, tozcther with the
principles of association borrowed from ihe British em-
piricists, led to apparent theoretical solutions to both the
performance and the development problems of motivation.
Behavior results from a state of disequilibrium and is
directed to a reestablishment of cquilibrium. The sorts of
stimulus events which can lead to disequilibrium and the
kinds of motoric performances which are instrumental to
the reestablishment of cquilibrium were acquired through
associative lcarning.

It would take us far afield to consider the controversics
to which psychology was led by this gencral point of view.
Suffice it to say for the present that the old instinct doctrines
have never again enjoyed the use they once had in answers
to the question of where values come from. However, the
empiricist doctrine of associationism which replaced in-
stinct, theory has come upon cvil days as an adequate
theoretical base for responding to the same question. Some
of my colleagues will still disagree, but I believe it correct to
assert that both instinct theory and classical learning
theories have failed as attempts to account for the origins
of human values.

But the question of the origins of values i~ still a very
lively one. In contemporary psychology, researci. und theory
on this problem comes under the heading of s.cialization.
The human infant is born as a social innocent Dut comes in
the course of development to manifest an entire range of
tastes, preferences, passions, desires. and moral principles
as a product of his continual interaction with societal
influences. Freud suggested that the major mechanism of
socialization is identification, whereby the chilé comes to
introject the moral standards and values of his parents.
More modern theorists and rescarchers, from G. H. Mcad
to Jean Piaget and Lawrence Kohlberg. consider that a
child develops through a series of stages in the process of
socialization which correspond in part to the suiges of his
cognitive or intellectual development. The sources of in-
ternalized norms and values are considercd to be not only
parents, but peers, social reference groups, and idealized
ethical systems. :

For the present discussion it is suflicient 1o recognize that
there is in contemporary psychology a great amoun: of
theoretical and research activity on the problem of sociaiiza-
tion—on the problem of how individuals come
the values that regulate their social behavior.

For example, a number of monographs have appeared
on the problem of political socialization, where the concern
is to describe the way in which a child comes to evaluate
political figures, institutions, doctrines, and opportunitics
for political activity [3], [5]. [6]. This line of rescarch has
received a great impetus recently from recognition of the
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THE VALUE PARADOX POSED BY TiME, OR WHEN ARE

rui Criips CASHED IN

Decision theorists consider only those choice situations

which can be mapped and which are bounded in time
Similarly, i cost-benefit analyses of proposed projects or
technical developments, a time horizon must be established
But the arbitrary establishment of time boundaries produces
a disjunction between the decision model and the real

consgquences of

world. Second, third, and higher order
chosen courses. of action continue to be realized into the
indefinite future.
evaluatively meutral, the initial solution to the decision
problem may wyield paradoxical and
sequences.

Because these consequences are not

nonmaximal con-

Considerable psychological research has been done on
the problem of delay of gratification [8
sitations areé devised such that a subject may accepl a

|. Experimental

small reward now or a larger reward later. This research
has established the existence of consistent individual dif-
ferences in the capacity to delay gratification. Some in-
dividuals seem to make decisions in a larger framework of
time thaq others.

The functional relationship between time and utility is.
of course, mcluded in the analySis of technological feasibiliy
studies. Some developments are explicitly designed to yield
shori-term benefits, which in the longzer run produce nega-
tively valued outcomes. For example, the development
efficient muass-production techniques for manufactured
articles yields relatively immediate benefits. However, the
long-term consequencgs, such as worker and consumer

rapid

eventually he realized

boredom and diminutionn of raw materials will

and! in'such a way as to make

questionable the wisdom of initially opting

niques of mass production. Clearly, dificrent companies

and difierent nations differ 1n the extent woiwh
to include long-term consequences in their decision matrix.

One of the most ambitious technological projects of the
post-war era is being execuled in Brazil [15]. A 3000-mile
highavay S being cut through the Amazon jungle, in dn
the the South

continent for development. Obviously, the decision of the

attempt 1o open up heart of American
Brazihian government to build this highway is a bold one
It entails the assumption of weighty short-term sacrifices

diversion of capital and technological expertise from other
possidle projects. However, Brazilian technocrats are con-
fident of the Tong-term benefits of the completed project

Access to new land, new raw materials, provision of new
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Will the increased power of Brazil bring about new Latin

Ameaican wars? Will the present precarious balance of

power m the world be upset by the emergence of a new
super-power. which the Trans-Amazon highway will facil-
iate?
Merely suggesting these possible long-term COnsequenees
is likely to Iead foreign observers 1o wish Brazil (o 20 slowly
with its developmient From ous perspective, there may be
the additional hazard that the technical and econ nie
development of Brazil may mean the end of one ol the

most delightful tourist atiractions on earth.

THE INDIVIDUAL-COLLECTIVITY VALUE PARADOX

We may now see a relation between the time paradox
and the problem which Hardin [4] has aptly called. “The
tragedy of the commons.™ Hardin demonstrates that in-

prudence inexorably  produce
AS the limits of scarce resources are approached

dividual nay collcctive
disuster
dyimass development and consumption, the benevolent
ivisible hand of Adam Smiith may turn into a device of
ulation.

Ob~fousiy. it

s> <1
5 . ihe mnterests of all of the more than
rotioas on eanth 1o seek technological development
aoodern medid act asy our mission:rics. only they do

 jotmuch more eliciently. Without question. the under-
developed nations of the world want whit we have, they
cin sec the images of our products and our techniques very
clearly  We may attempt.a cauti wary moral sermon to the
that the
technowogical problens we have solved have lelt in their

cllect That our own socicty is. in deep trouble

Wike muchemoie difficult problems despair, the mindless
urge to destroy, pervasive psychoncurotic difliculties. /' The
cautionary moral sermon will have no-elfect ik as il the

ighboring farmer urges you not to add another cow to
ruze on the commons because he can attest that a big
- W one he has brings nothing but headaches.

Our Lttempis 10 tell smaller nations that they should not

el d-guclearairsenal, i the fitercsts of the collectivity,

Areol asinaldr Kind-4is obvious: that power matters in

miernaional reiations. A you-do not-have power you arc
Aot getimg as much respect as you might il’ you did have
power. Result: s in the interests of every nation to develop
» nucear capability. OF course, the result is collective
vasier

The pomt &s that it is difficult 1o get an individual or a
otecuve entity socialized to the i terests and values of their

vmpetitors, so that when rhey make decisions. they will

Ene onr values into consideration
HiS. 1o revert toan earlier point.
Hucrests must be controlied and
100 1o collective mterests is
drreeted. we MuUst estabish ol OEY
aul a world government which daes nar vive uii
o knowledge, freedom of inquiry. individual
techinological progress.

.\uhnd) wishes to do this We have
atiempls at tyrannical collectivization 1n
we are ltkely to continue to do so. But in th
mexorable tragedy of the commons is worki
sast act. Erlich’s population bomb is ticking, Nin
new automobiles continue (o appear each year o
Wiirs of

tion™ continue, so that newly liberated pPeopics ci

1o our veneration for freedom of chioice lioera-
L aspire
to the same kind of material afMuence which ARiericans are
finding to be so stale and tasteless. hese are some observa-
tons about human values which the student wy find

astonishing or puzzling.

THe CHIMERA OF PROBLI M SOLVING

soth of the preceding value probiems may be
problems of extension. For the first. ¢ xtending the di
of time yields paradoxical transformations of
payofls. For the sccond, extension from 4
the collectivity produces unanticipated (r
wish to elose by mentioning a third value-paradox

[

that is a problem of intension rather than extension. refer

Hnension
UECISIOT

1

5 1 Te 3
¢ Individual ta

st n !
nsvaiuations. |

ane

to the problem of intrapsychic value conflicts.,

Whiie one may not agree with Freud about (he
origins of the problem, abundant evidence exiits
proposition that man is at war with himself. that he Goes not
huve unequivocal values. that the solution to what he
thinks of as his problems only produces other problenis

|_wish to resorl 1o 4 quotation (rom Orwell [9. p: 163}
which illustrates very well the sort of paradox | have in
mind:

I you look into your own mind. which are you: Don
Quixote or Sancho Panza? Almost certainly you are both
There is one part'of you that wishes to be u hero or 4
saint, but another part of youis a little 14t man who sees
-very clearly the advantages of staying dlive with a whaole
skin. He is your unofficial self- the voice of the |
protesting against the soul. His tastes lic tow ards s
soft beds, no work, pots of beer and women with v
tuous™ figures. He it is who punciures your i
andurges vou to look after Number One, to be oins
to youriwile, 1o bilk your debts, and so on aid so fo
Whetlier you allow yourself to be influciiced by i s a
different question. But it is simply a lic 10 say that be i

not part of you, just as it is a lie to say that Don Quinote

1
Is not part of you cither, though most of what is said and

writien consists of one lic or the other. usually the first

IT this sert of speculation has merit. and | constder that
does, then it yields an interesting conclusion when
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together with the observation that technology can only
solve problems ol the Sancho Panza varicty. The conclusion
is that technical solutions do not really solve a person’s
srobloms - they merely transfer the probiem to a different
aspoet of self. When a person’s belly is em:pty his over-
whelming problem is well defined, and it has a technical
solution. But when his belly is full, he may have leisure to
pursuc & depressing serics of thoughts about the significance
of his efforts. the meaning of his life. *What arc people
for.”” asks one of Kurt Vonnegut's characters just before he
commits suicide. Such a question would not occur to
someone struggling to live.

My final observation, then, is that technical problems
admit of technical solutions, but that these solutions will
inevitably produce additional psychological problems —not
so much deficit problems as identity problems. When in-
dividuals feel an identity problem coming on, thcy may
retreat from it, but only at the cost of creating for the:aselves
living problems of a more technical kind. Thus we sec the
modern phenomenon of the high level drop-out, the profes-
sional man who opts out, chucks it all and joins a rural
commune. | do not see that kind of regressive role tiansfor-
mation as a solution to the: society’s problems, bui rather
as an/indication of the nature of those problems.

As a final note of observation, I must confess that | can
see no clearly realizable solution to such problems us over-
populatjon, pollution, the nuclear arms race, diminution of

&

national resources, or the less tangible probiems of loss of
identity and cultural despair. 1 cxpect that we will continue
to trade these problems for cach other. But [ am astonished
because I remain hopeful about that which [ do not see.
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TWO HUNDRED years ago Adam Smith articulated
J aningenious explanation 1o an unicomfioriabic problem.
He theorized that individual economic action taken to
maximize personal utility would, through a process of co-
ordination by an “Unseen Hand,” lcad to a maximization
of the collective good. Important as this theory has been in
our economic history, it is not clear whether its wide ac-
ceptance has been due to its empirical accuracy or to its
intellectual comfort. What a reassuring thought it is to
consider that the more selfish and narrowminded we are,
the more we are furthering the public interest.

Today, in an era of vast corporations, external dis-
economies, and a high degree of complexity and inter-
dependency, one might well wonder where our faith in this
mystical Unseen Hand has led us. For many of us the peace
and comfort of a belicf in the universal harmony between
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the individual and the cosmo have been shattered by & new
awitreness of unintended oyl The unaccounted-for con-
sequences of economic and 1 -chnical activily are bee oming
inCieasingly inescapable. Ai | noise, and water pellution
foul our natural resources, an | our central cities are i, nuny
casces rapidly becoming unliv. ble,

The impact of these consequences has been to cause some
moial questioning. and much name-calling and castigation,
Who is to blame for our current situation? Whose fault is
pollution? Whose responsibility is its alleviation? Who js
to blame for unsale automobiles? After all, remember
caveat empror. IS the government the sole protector of the
public good, leaving individuals to maximize their seif-
interest? What responsibilities do you have as citizens, as
engineers employed by a corporation, as members of a
profession, and as political and cconomic leaders?

We are not so presumptuous as o pretend to be able to
answer any of these questions, and we should all be sceptical
of any attempt we should make. We can together, however,
search for ways to think about such problems in order to
find constructive ways of conceptualizing ethical problems
so that they are more amenable to clear thinking, rather
than merely losing sleep over them or ascribing blame to
someone else so that we can £0 to sleep more easily.

The phenomenon of unintended detrimental consequences
in the large, due to actions taken in the small, is of course
not new. Cities have had to cope with the problem of
garbage collection for centuries, and the questions of re-
sponsibility have been pondered since such problems were
are full of exactly the
been raised here.

Wh.it, then, is different about our times? Why should we
feel the need to come together liere and now to ralk about
our mutual corcern? First, a number of changes I ave taken
place in our ctiture during the past fifty years or so which
Increase our wwareness of these problems anc give an
urgency to the meed for solutions to them. The irontier is
and the consequences of economic activity (for ex-
ample, depletion of natural resources) can no longer be
alleviated by 3 deeper penetration into the hinterlands.
Moreover. the system is vastly more complex and its sub-
systems more-interdependent; As 4 consequence of these
two/ factors, the impact of ¢hauges in the system. both
begeficial and detrimental, is fol much more quickly and
fmore severely than earlier in oy, history. Communication
and transportation Systems. are fur more sophisticated,
allowing us to he aware of many parts of the system
simultaneously and able (o recognize their interconnections.

Another important change which is quite recent involyes
the perception of our position in the Industrial Revolution
and our relative level of affluence. We ¢an now afford to
look arcund us and ponder what we have wrought, both in
terms of time and money. We are 1o longer a young country
10 & hurry to make things and get places. We are older, more
Mmature, and in a new way fecling responsibility for “our-
selves and our posterity.™

Let us then begin to look at the
nology and value or, more precisely,

recogrized; the Socratic dialogues
1¥pe of moral questions which have

gone

relation between teck-
technology and ethic:.
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We choose the term ethics because it refers to both aspects of
moral consideration: value, good and bad ; and obligation,
right and wrong (i.c., roses which smieli sweetly are to be
valued, but we ought not to use them to make sSoup).

Notice that Adam Smith’s formulation of the relation
beiween individual self-interest and the collective good
requires a distinetion between two moral perspectives——
two ;vays of looking at value and obligation. The first is
individual—personal goals and motivations designed to
maximize individual satisfaction. The second is collective—
a perspective which considers benefits which accrue to the
people in general, not to anyone in particular. Smith's
theory proposed a correlation between these two calcula-
tions of good (value): the more individuals maximize their
individual good, the more the public good is promoted.
It is precisely this correlation which has now been called
into question and which serves as the fundamental question
for this conference: what is the relation between individual
cconomic and technical action and the general welfare, and
what can be done to adjust this relation to further the
public good?

Delving further into this problem, utilizing this distinction
between in-out (individual) and out-in (collective) ethical
perspectives, let us distinguish between two types of reform
proposals. The first accepts the Smithian (or, more ac-
curately, Hobbesian) formulation of the self-secking nature
of man. The proposals according to this perspective are
essentially manipulation of economic institutions in order
to bring about the coordination for which the Hand is
unseen (for example, Milion Friedman taxing pollution).
The second type of proposal for reform is founded upon the
hope that the nature of man can be changed by instituting
new economic relationships, and by a system of propaganda
which encourages business and technical people 1o consider
their social responsibility. Note that the ditTerence between
these two approaches is not one of ultimate ends—that is,
they often agree concerning the determination of the
general welfare. Rather, they disagrec as to the malleability
of man’s nature—the former asserting that it must be
assumed to be constant over time and self-seeking in
character, and the latter asserting that it can be changed for
the better.

It follows from this distinction between two types of
reform that there are, correspondingly, two formulations
of the moral responsibility of the consequences of the
economic and technical system. The first (fixed nature of
man) argues that since man is by nature self-seeking, it
cannot be his responsibility to change his calculations of
cost and benelit 10 include public considerations. It is thus
the responsibility of (he government to compel or arrange |
such considerations of the public welfare. Rousseau artic-
ulated this position with his classic formulation of the stag
hunt. In this formulation he supposes that ten men want to
organize themselves for the purposes of hunting a stag.
They agree that if one of them finds a stag, he will call o
the others, and together they will have a greater chance of
killing him. However, during the hunt, one man spots a
hare. According to his calculation of individual gain, this
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the hare and thereby gain more than
i

mistin would follow

what bis share of the stag might be. Thus, some system
ol authority is necessary lo ensure collective gain in the
face of individual caleulations of personal benefits. It is the
responsibility of the men who compose this government to
“provide for the common defense, promote the general
welfare.” The other type of reform position ascribes moral
responsibility to the individual actors in the system, assert-
ing that, mn addition to individual caleulators of personal
gain, they are citizens of a collectivity. As such, they have
a responsibility to consider the public welfare in their
imdividual decisions. Con Edison, according to this view,
should (i.c.. has the moral responsibility to) consider the
cost to the locale of their pollution of the Hudson River
they butld their new hydroclectric
gencrator.

Justas there is divergence of opinion as to the malleability
of the naturc of man and the proper ascription of moral
responsibility, there is also divergence as to the relationship
between individual motivation and institutional imperatives.
One point of view claims that the motivations of economic
actors are determined by institutional incentives (he who is
sell-aggrandizing gets ahead). Marxists, for example, argue
that/the acquisitive, manipulative, materialistic nature of
modern economic man is due to the.nature of labor relations
and, more broadly. the capitalist system. According to this
view il is pointless to try to change the nature of man (e.g.,
encourage him to consider his broader social responsibilitics)
because 1 is the cconomic system per se which determines
the motivations: of his actions. Rather, the economic in-
and be changed.
Another view asserts that it is man’s “real” nature which is
drawn upon by the system. In this case, it is pointless to

alicpl to change economic motivations and incentives by

when propose 1o

stitutions rclations themselves must

manipulatmg the anstitutional, relationships or by using

some fornt of propaganda, since those motivations are
innate in man’s character and will be operative in any sys-
e Ralph Nader. for example, does not argue for a
propaganda campaign o encourage corporation policy-
mascrs 1o consider their social responsibility for the broader
consequenees of their individuallactions: Rather. he acets as
4 waichdog for the general wellare, barking foudly ‘when
the corporationithicl comes trespassing on-the posted ground
of consumer welfure

Fhus we cun make two formulations of the problem of
moral responsibility in our post-Smithian world. and two
corresponding proposals for reform. The first asserts that
this mansy Fundamental natare 46 bhe self-sceking, that his
accisionsavill always be made on the grounds of individual
utiity maximization. Accordingly; the only hope for alleviat-
1ng the current problems which arise from the nonexistent
Hund (1e., the divergence between individual and system
rationality) is to manipulate institutional relationships and
incentives to ensure the protection of the general welfare.
The second position asserts that man’s nature is nore
malleable, and cconomic actors can be convinced of the
wisdom of acting in accordance with the public interest
rather than constantly secking individual gain.

8

Consequently, these two views can be distinguished along
threc dimensions: 1) the mallecability of man’s nature
(changeable or not, determined by economic institutions or
not); 2) the corresponding view of moral responsibility
(government or citizen); 3) the method of reform (institu-
tional manipulation or moralistic propaganda).

Now that thesc two ideal-typical views have been con-
ceptually distinguished from one another, we should like o
proceed to consider some of the territory between these two
polar extremes. We are sceptical of monocausal anthropo-
logical explanations of social phenomena. For example,
both those who assert that certain innate characteristics of
man’s nature “determine™ cconomic institutions, and those
who assert that those institutions “determine™ man's nature
and motivations oversimplify the symbiotic correlative
nature of the relationship between personality and cultural
institutions. An ecological perspective of this interrelation-
ship might perhaps be more elucidating. In the case of man,
the organism responds to changes in its environment by
adaptation but at the same time can manipulate certain
changes in its environment. For example, when man first
developed agricultural tools, they allowed him to manip-
ulatc his_cnvironment. However, the new environment
created new pressures for adaptation in terms of social
organization, which in turn created new possibilities for
manipulation of the environment. Each element in the
ecological system affects each other element symbiotically.
Thus onc cannot determine causal primacy since the
changes are mutually causative.

Another view of the relationship between institutional
structures and economic incentive is seen in what we might
call the *‘after you, Alfonse™ problem. In this view the in-
centive for change is seen‘as alrcady existing within the
personalities of the members of industry, but the econonic
structure and thelegal framework within which they operate
prevents them from changing their behavior accordingly.
For example, the automobile manufacturers claimed that
they were quite willing to'design and build safer cars. bu:
two factors prevented them: the public was not interested
in safer cars, and antitrust laws prevented their combining
their research development resources. According to this
view there existed a situation in which each firm was willing
to-change its pattern of behavior il the other firms did so
at the samc time. Yet each fi*m sas unwilling 1o go first.
since by doing so it would be commilting cconomic suicide.
or so they felt. Hence-—after you, Affonse.

The response of government to this situation was to
mandate safety standards which allowed the automobiie
manufacturers to offer safety features simultancously. This
is an‘intriguing view of the problem of values in the context
of the cconomic structure sinee it asserts that the motiva-
tions for change are present, but the institutions thwart
their realization as changed action. This is in juxtaposition
to the views articulated earlier which asserted that it is the
institutions which mold the motivations of the actors in the
cconomic system, and that one must change their basic
self-aggrandizing motivations either by propaganda or
structural reform.




MORI Basic CONSIDERATIONS

The unprecedented power given mankind DY @ science-

based technology places him in a race between Utopia
and oblivion.
Carl Madiden, Chicf Fe QHOMIST

U.S. Chamber of ¢ ommeree

[Systemis simulations] give indications that suggest cor-
rective actton will often be ineffective or even adverse in
ity results L L choosing an incfiective or detrimental policy
for copinge with a complex system is not a mere maiter of
random choice. The ntuitive process will sclect the wrong
solution more often than not.

Jay Forrester

Massachuserts Institute of Technology:. Cambridee, Mass.

What is needed, but lacking, is a set of procedures to
enable consideration of social utility and “of scientific
nicrit to be fused in both the design of institutions and
the process of public policy.

Carl Madden
Underlyving the concern with pollution,

unsafe automobiles, and robot assembly-line workmen is a

much more general loss of faith. Somehow what was pood

and holy— the work ethic, the efficacy of technology to
solve secial problems-—is no longer 1o be unquestionably

ghetto slums,

revered. It is a rude awakening to many that the totem of

technology has not worked its magic. This is in its deepest
Sense nol a crisis of cconomic values at all-- it is a rcligious
crisis. Beliefs which have been decply held and cherished
dare being smashed by our nation’s iconoclastic. youth. Our
condition is not only
oue of anguish.

one of eonfusion and malaise, it is

WHhatis the vature of this religious questioning? What are

i old values? What are the new ones being recommended
totake their place? What changes in belicf are called for, and

)
Wiy

Y- Are there conditions which mandate change at this
We should perhaps approach this
confusing and cmotionally charged area of coneern ) with
& lunguage with. which: we can name intellectual concepts

and communicate with onc another with less chance of mis-

deeply personul level?

laterpretation; and
order 1o

chronological context

2} from an historical perspective in

view, the presents situation in its appropriate

We. think thé current scepticism of our industrial system

felt by much of the youth of the country and by many of

the more thoughtful members of the “establishment™ finds
its focus in two basic tenets of the industrial technological
spirit. The first the religious belief in the
and technology to solve problems, ad-
and-bring “progress.” There is of COuUrse
much/ evidenee 1o SUPPORL this view, but for most of us it

IS scientism
cihicacy of suenee
vance mankind,
has & very large aflective or emotional component as well
Scientism s the belief that technological development is
elilcacious and beneficial

The second fundamental tenet of the spirit of Western
incustrialism s individualism, the belief that cuitural and
technological advancement takes place most rapidly and
beneficially when members of the culture work individually
and independently. This type of activity maximizes the
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chances of innovation. clear thinking, and human creativity.,
As Max Weber argues with such insight, 1he rise of the spirit
of capitalism came about in Calvinist Germany following
the Protestant Reformation, which restored the direct link
and their God. Through faith.and

work, mdividuals could obtain silvation through Gad's

between individual men
cllicacious grace. This ethic wis noppasition to the previous
cthic of traditionalism  the aceeptance of the institutional-
ized church as the link between man and God. Protestantism
was ascetic (self-denying). nonvirtuosic (individuals could
through their own efforts obtain sals ation), and rationalistic
(the meaning of the universe was understandable: purposive
action could be taken. as opposed to the previous belief in
the magical, the mysterious, and the traditional institution
of the collectivity)

Weber asserts that it was precisely this Protestant ethic
which served as the underlying spirit of cupitalism and
indu.\lri.ul development. In more simple language, it meant
that individuals did the work that was before them: they
did their job. Such was the highest form of human endeavor.
If men worked at the tasks before them and lived a self-
denying, conscientious life, they maximized their chances of
going to heaven at the same time as they worked for the
good of their culture. Thus the ethic was essentially this-
worldly—involving a correlation between the religious and
the secular-- as opposed to almost every other major religion
which involves a separation between this world and the
next—between actions taken for personal material benefit
and aclions taken for spiritual benefit. .

Combine this new Protestant ethic with the Smithian
view of the ultimate collective benefits of individual eco-
nomic action and one can begin to see both the power and
the comfort of the new technological
behavior. Life was so simple. All we had 1o do was look out
for our own interests and everything which we wanted in
both this world and the next would result. All we had to do
everyday was our jobs, and plog ahead doing our duties 1o
God, self, and country, and we would advance science, cul-
ture, and ourself stmultancously. Such was the definition
of progress—individualisticand self~aggrandizing. based on
the efficacy of technological advances.

view of economic

Now

Of course conditions have changed radically since the
beginnings of the industrial revolution. But what changes
allect this underlying faith in individualism and scientism.,
the Protestant-capitalist ethic? W hy is it being questioned
now? Essentially what has happened. and only within the
last_wweaty years, is that the collective consequences of
individual action are more casily perceived. The frontier
is gone; land and other natural resources can no longer be
conceived as inexhaustible, and the economic system of
manufacturers, buyers, and sellers is now closed. Therefore,
the feedback processes are appareat to all participants.

This new: situation is much more signtiicant than one
might first think by merely listening to jeers of disgruntled
students and the complaints of Ralph Nader. Individual
action must be seen in an entirely different light. It is not
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congestion ol a road relieved. Accordingly, they widen the
road to allow the freer passage of automobilcs. However,
since the road is now more attraclive, more drivers ¢ hoose to
travel the road, and it becomes niore congested than before.

This example of counterintuitive negative feedback de-
seribes many aspects of our current technological situation.
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clinger our

pear somewhat bedrz 2led by now.

m ol deep religious and philosophic
convinced of this significance by
1o Charles Reich orto R. D. Laing,

sees something of the transitional nature of

| C

predicament can
e unigoihianain

il other words,

from ‘an understandin, belween the

cconon Land cal iencts

which st rroundin

of -man Lane
Industri: kevolution

between

SONa
tions of economic actor

meaning syst and
ystem. Personal

the incentives of the econc

needs for meaning (religio lar) were satistied

by the interaction of the economic and religious sSystenis

. H 1} . 4 M . N w1 11 i vy { i . s10d 14
Such was the relation of the Protestunt ethic and the spirit

of capitalism in Weber's sense. Individuals took efficacious

action by doing their job, by being thnovative

J and by being

self-aggrandizing, both in terms of personl

' . L7 1 ‘“ P
terms ol the economic system. Concepts such as “achicve-

ment™ and: “progress™ had definite and personally salient

meaning. Problems were intrinsically solvable; to solve
o

them simply“took time, cffort. and ingenuity. Life could

grow betler from dayto day through work. And the evidence

through' feedback was that these people were right —tech-

nological advancement was fantastic in its pace and con-
sequence. The standard of living rose more rapidly than at

any other time in history. Transportation systems were

built,and the system of interchangeable parts was developed.

for mass production. Wars were

providing the technique I

fought and won, and a depression was overcomnie through
suffering and hard work

These ‘values which fit $6 neatly into the cconomic

DCCauUse

systeprare not called mtofquestion today simply

wehave reached a technologic:i! platea e post-industria

society is niot defined in terms relative atlleence and

{ Hng meanmn

the need for finc aiul no Students today
are not sceptical and iconoclastic simply )

because they ar
spoiled and mobile and do not | > compulsion to work
Lo support_themselves. The economic system is not

criticized simply bécause it results in ni gative diseconomies

Rather, these values are eall negative question be-

What has been

amentad belief that yy

cause they arc in fact no long Qpriaie

called into question is t
something {in
to accomplish (in the
lis doubt, which can lea
personall level, comes about
which dre taking piace simultancou

cultural values, the sccond in

action. The first phenomenon

{ 'k

;)1_"-\1.';\.; rewards lrom the capialist sVsien ne result

achievenient material acquisition Avas supposed o be

happiness and satisfaction. Arewe really

fl\iﬂghk‘!' beCAUsSe we are FiCiier, or arc .:iL\!.“x:H‘;Z and satisfac

ton to be found in some other facet of numan endeavor?

This is one gquestioning brou about by our

technoiogical [t involves the relation of action to




ond phenomenon involves the relation belween

ud Rnowledge. The systemic interactions through
Of OUTr SOCIELY 4T¢ NOW SO Inescapable and complex

that they must be dealt with in an catirely new way. We

cannot sumply apply ourselves to a problem; based upon th
!
i

¢
faith that our working at it will somehow alleviate the
difiiculty. Our foreign policy and our urban policy, to name
only two oi the mest obvious arcas of public policy, have
sufiered because of precisely this type of myopic naiveté.
Supporting a country militarily with the hope of making
1L more JRely o become democratic is perhaps more often
than not counterproductive, since the country becomes
increasmgly dependent upon the support, hence less capable
of providing for itsclf, hence less capable of govérning itself.
Or, to use a previous example, building low-cost center-city
housing can only serve to increase the congestion of the
center city by making it more attractive to live therc
What is needed in response to the dual problems ol action-
valuc and action-knowledge is a different vision or the role
of technology in our society. In the past, technological
development was scen as an end in itself, a vaiue to be
pursued per se. It seemed obvious on the face of it that that
Progress meant Progress—i.e., technical advancement in
the small meant progress in the large in terms of an increase
in the quality of Fiuman life. We have tried (o show that both
views of that beliel - the religious personal and the scientific
=dre being Subjected to the most basic scepticism because
our condition in this complex; interdependent, affiuent, and
at it, applying our
lechnologicil know-how, does not necessarily get us closer

baflling society ‘warrants it. Working

to where we want o go
should be seen as a tool, as a means which
1ech-

Technology

o achicve the values, independent of

ulnized

we decide wedwish to realize. To take an

viedge example: i we wish to relieve the con-
the town highway, the problem must be con-
ized as exactly- that—the abatement of congestion

highway he task is not, as so

many engineers

would miuttively assert, to build 2 betler highway. The

HRWer logtnecongestion problem might be found in a quite
hilerent component-of thelinteractive system (i.e., alternat-
& Work hours, building a rapid transit system, or digging
pot holes in the road). Or. to take an action-valuc perspec-
must be recognized that the enterprise of technology
>0

y 4 1HCADN

personal happiness and satisfaction which
Wy or may naot come as a result. The endeavor itself should
Botbe confused with-those humian values which it seeks to

i your division of General Motors is not

nealize. Bxpali
this good only if it provides some good as a

ling
good in jtself:
jucnce (wives have more time to spend with their
ninds because they have a second car, your expanded
tes several currently-unemployed faborers. etc.).
i iechnology is seen simply as a means, not as an end n
cif. and not good or bad in itself, what is the responsibility
IS 1o develop and apply tech-
are your responsibilities as

cogieers whose job 1t
» w? What -
wilogy? Wha 4 cilizen, as a
nember of a

profession, as a member of a firm, and as a

auman being 1o see that your technology has beneficial
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rofes conflict”? These Gues-

HEE TRANSACTIONS ON SYSTIMS, MAN, AND € YU RN

conscquences? Do your variou
tionsare both serious and diflicult. and cannot be answered
in such a short paper. We would. nowever, like to consider
several perspectives on the problem, hopetully shedding
some new light on some of them

The first view we would like to consider is that propounded
by David Rockefeller and niany others both in and out of
“the establishment™: the social responsibility of business
Rockefeller argues that part of
community; they take actions which have profound
upon that community,

to contribute to the solutions of the social problems of that

businessmen are a their
effects

and therefore have a responsibility

community. Although we applaud its sentiment, we think
this view involves a fundamental confusion concerning the
role of business in our society. Businessmen gua businessnien
have no such social responsibility. That i, there is nothing
in the role of business which gtves them that responsibility
for the alleviation of social problems. It may be that as
citizens of our socicty the members of business sectors may
see some of the detrimental consequences of their behavior
beneficial action, and may
but they

and some of the possibilities for
take-constructive action as a result of this vision-
arc acling as citizens, not as businessmen.

More important, however, we should look at the motiva-
tional basis of this approach. Businessmen should respond,
argues Rockefelier, because they find the argument morally
persuasive. It is possible that they will respond to this
exhortation and be convinced, but therc
that they will. Here we return to the iwotold distinction
made at the beginning of this paper. We first distinguished

IS N0 guarantce

between two strategies for reform: propaganda and incen-
tive manipulation that

strategies were based upon difiering views of the
mant the first assuming that

motivations, that they can be convinced of the rONngness

Second,  we showed these two
nature of

men are changeable in their

of their action and will take steps 1o change their behavic
hat

for moral reasons: the second dssuming men alwa

act to further their self-interests and. accordingly, it is these
interests which, they must.be convinced to chai

What is the answer? Howican you encourage the users of
technology to undcrstand! and! be responsible for 1ts con-
sequences? The answer we think depends upon vour role in
the society. As a citizen you should join Rockefeller
exhortation, seeking to be as cloquentand persuasive as y
¢an 1o convince members of the business communiiv
become socially responsible. As
yourrole is entirely different.
engineer who must construct and adjust a complex social

policy-makers, howess
In this role you are a social
cconomic system and make certain heuristic assumption
about human behavior in order to be effective That is. the
policy-maker cannot rely on trust i the goodness of the
human spirit to realize his objectives in terms of changes of
behavior. Laws must be passed which make 1t in the s
interest of those o whom the jaw applies to
rather than violate it

The Founding Fathers understood this principle. With
astounding insight and genius they constructed a syvstem

which would work even if the members did not trust one
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tantly sought their own advance-

cons

ol the country. 1 is & system i miany

wavs bused on mistrust, jealousy, and self=mnterest. Such is
the visson of socd enpmeers. And not because man 18,
fact. untrusiworthy and self-interested and unpersuaded by
ruments, bt because he must be treated as such in
guarantee that the system will work. It must be
assumed, 16 return to the example used by Rousseau, that

cach member of the hunting party will, in fact, chase after
the hare even il be has promised not to do so. Because if
there is no pumshment, it will, in fact, be in his interest to
do so and this will be recognized by the one or two self-
interested men n the group. Thus, the argument about the
real moral nature of man 1s irrelevant since, in order to
guarantee that the system will work, man must be treated
i any system asal he is self-interested

Those of you whose role is social engineering in terms of
poiicy formulation are advised to ook to the manipulation
of incentives rather than exhortation in order to encourage
social responsibility. As members of the profession of
engineering. however, it scems to me that your responsibility
15 quite diflerent. The question here to be considered is:
what role does engineeringplayan our transitionalcondition
of action=value and action-knowledge? It appears that the
current anxious situation finds its primary focus on this
profession more than on any other. It is precisely because
of the 1wo aspeets of the questioning of the Western indus-
trial cthic that enginecring must redefine itself. It is no longer
enough for you to say that you are what you do, that,
you do technology, you are engincers. But to what
end 2 i technology is really to be seen as a means to.an end.

because

stiould not the imventors of that technology understand the
1 between means and ends? Is that not what enginecer-
wout  the application of technology as a nieans to
vomeqdesired end? Therefore, the vision of the
meer cannot sunply be confined to that problem which
pears betore him or which is thrust before him. Consider
the example of the highway congestion. The responsibility
RZIMeCr, 1t seems, I1s to explain to the policy-makers

the highway will bring about more conges-

lesse, That is his job, since he undersiands/the

nsiup between means and ends, and understands how

= the conscquences of his action be in the'direction

wishies to realize
ay, engineers cannol simply be problem-solvers
smail (ie.. widening the highway). They must be
lem-solvers the large (relieving congestion). They
st setinemselves the task of uaderstanding the nature of
terdependenties and feedback loops within the system
which they are dealing and be able to take intelligent
ponsible action. No one ¢lse can perform this role. All
ticr actors in the system—politicians, busincssmen,

astmiers, cle -are interested in solutions to problems in

simali. There Is no incentive for them to be concerned
th problems in the large. As Russel Ackoff of the Univer-

ity of Peansylvania states:

In a real sense, problems do not exist. They are absiric-
tions from real problems. The real situations from which

12

they are abstracted are messes. A NICSS 16 A system of
mnteractng problems. Plunning should be conceried with
messes, Not problems.

The solution to a mess is not equal o the sunt of the
solutions o its parts. The solution (o its parts should be
derived from a solution to the whole: not vice versa.
Science has provided powerful methods, technigues, and
tools for solving problenis, but it has provided little help
in solving messcs. . . . The question of priorities is mis-
leading. All messes shouid be dealt with simultaneously

and interactively.

Enginecrs, then; are not gadgeteers; they are consequence
experts; they study and practice the control of consequences
in a complex, interactive system. This task may be Very
simple in a simple system such as the design of an electric
circuit, or very complex and subtle such as relieving some
of the problems of the inner city. But the essential role is
the same: the understanding and manipulation of the con-
sequences of a certain set of actions in order to achieve a
desired end. An engincer is a designer and a means expert.

There are many other issues which are vital in under-
standing the nature of the relationship between technology
and_human values. This paper is intended 10 provide an
intcllectual basis upon which to pursue such a discussion
and to provide a conceptual ‘.':'.‘lmc\\nrk within which the
issues may be productively considered. it 1s clear that some-
thing is going o1 in our culture: we are in an important
period of transition. Old values no longer scem appropriate
The efficacy of the capitalist system, the political system, and
even of thought itself has been called into question. With
a haranguing irreverent son around it is casy to feel guilty
and without direction. We hope that we have been able 1o
clear away some of the brambles which tear at your skin on
this ethical journey, and 10 point out some of the trails
along the way.

SOME THOUGHTS FROM SUBSLQUENT REREADING AND
DISCUSSION

1) The use of the term “scientism™ may be confusing,
since 1t sometimes-refers. only to the application of the
scientific method rather than to some quasi-religious belie!
in its ultimate efficacy. The two concepts should be kept
distinct, since it is certainly possible 1o apply the scientitic
method to problems without havingithat method det
one’s world view. That may very well'be a likely tendency,
however.

2) Related to the dual difficulties of looking at a problen

only.in the small and adopting a technique (mecans) as

religious world view (end), is the phenomenon of
identification. That is, many pcople in our society identif
themselves emotionally and philosophically with their job
or their role in the culture. Often, the first question asked ol
you when someone 1s first introduced to you is “*What do
you do?", as if what you do were related in some deep and
determining sensc to what you are as a person. Note how
closely this cultural phenomenon is related to the ethical
myopia of “l just do my job™ (knowledge-value) and work-
ing at problems only in the small (knowledge-action).
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oo countermtuttive approach to a

currently pressing problem is that of energy production.
Aost enguieers are ook W alternate sources of cnergy
to cope with the problem ol increased energy consumption.

nips we should consider using better insulation or fewer

1

ps the real problem is not energy consumption

{ all, but rather energy efficicney.

v very anportant to realize that both strategies of

relonm (propaganda and manipulation of institutional in-

CCIILIVES) are DCing |

pracuced now. Advertising, for example,

is very definitely a form of propaganda in which a group of

peopie is persuaded by one mcans or another to take action

in accord with the wishes of another group. Tarnfls are a

means ol mcentive manipulation. The point is that we are
not position to choose one or the other as allernate
courses ol action. Rather, we must question in what ways
we wish the influence of these strategies to operile.

5) Perhaps a usceful way of looking at our culture today
is to consider that we are presently in a position to cflect
self~conscious evolution. Our capabilities for storing and
relating knowledge are great enough that we can now under-
stand ‘many ot the systems of interconnection ‘with which
we have only been able to struggle myopically before.
Thus, our view of the city should be ecological in the sense
that it recognizes that the city evolved in the way it did
because of the logic of its symbiotic relationships. The only

\ 1
PS ycno

; ,\,
L_JUA

\3
‘2
3

e-Social
tances to |

ihstracr—Tliis paper is a brief report and reflection on a three-year
study of the social-psychological probiems involved in changing public
orgawizations so that they are able to perform social, particularly urban,
loniz-range phioning. It reviews the philosophy of the study, the present
state of long-range planning, planned-change literature and its implica-
1ions, and somc ISsues in organizational transformation.
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way we can clleet benelicial changes in sach a system is 10
alter the fundamental ecological relationsin

way.
6) To understand the current cconomic

psin . bencficial

That is a task for responsible engineers.

SIS one must

look not only at the way it chang responds, but at

the way it stays the way it s (its neriia) Viadden poinis

out, “Mental telepathy is unlikely to be vigorously re-

searched by uupon...um with heavy investments i

munications equipment.” " To pursue this argument,

large corporations and monopolies lack the stimulus
3

competition,

extensive

and smail companies lack the finances for

technical research and development. Perhaps,

then, in terms of the strategy which looks 10 nstitutional

incentives, we should alter the antitrust laws to allow for
and to stimulate technical research and development.

7) It would appear that Mao Tse Tung has been able to
use propaganda so effectively that he has been able to alter
fundamentally the

country. The Communist Chincse people seem to act on

cthical outlook ol the individuals of his

the basis of a commitment to the value of collective good
rather than of individual gain. Is such a change good?
How will it affect the individual creativity and idiosyn-
crasy?

' H. A. Cairns. Ed., Clash of Cultures.

New York: Praeger, 1965,
p. 41,

logy of Orgar
g-Range SO(‘lal

DONALD N. MICHAEL

arc able to perform social long-rapgc planning

! Posing and

sceking national goals, indeed constructive and positive
social survival, appear to make long=range planning mun-
datory. Yet, our study of zational resistances
long-range social planning suggests that iff present

ganizational structures and the norms that sustain then

oraan

not radically changed these resistances cannot be avercon

using available organizational theory or available plan

change practice expertise. The conceptual and opera

crisis implied in these findings present a major mxcncu;z.:i

and professional challenge
The criteria oilered by M. Webber

conceptualization of the lon:

present an excelleat

g-range planning technology.

linainoe™
lanning

generally

' The time period implied in the phrase “long-range social P
would vary, ol course, with the adt VLY l\.nN evained but,
S| ’L‘mms, it refers 1o a ien (o twen Ly ycar perspeciine




NOSRANGE SOCIAL PLANNING

Fhey have been used in our study as the reference against
wWiticit to assess the nature and extent of organizational
TCSISLENCE 1o ong-range planning:

) Analysis leading to goals setting in conjunction
with 2)

2) Farecasts of future selting (differentiating cXogenous
and endogenous fictors) for which the working out of the
plan over time is relevant and desirable.

3) Exaluation of alternative plans,

4) Tracing out the conscequences for plan
circumstances ouiside the plan’s direct operating environ-

of pertinent

ment

) Laying out sequenced chains of actions that define
the plan

6) Evaluation of how the plan is working out on the basis
of’ environmental feedback that permits recycling of the
prk'kk'\““:_' NMEPS.

OF central importance for the social psychological issues
involved are three factors:

I) The requirement that present actions be deeply in-
fluenced by estimates of relevant future societal contexts.

2) The requirement that, at all stages of moving from
present actions into the future, the environment be seanned
and the feedback from it be controlling in the unfolding of
the future-oriented movement of the plan.

3) The requirement that goals and the implementation of

programs (o realize them are intertwined conceptually and
operationally. Goals are process guides rather than rigid
end points.
In other words, the cybernetic concept of the relation of
10 ils eavironment must be reflected in
of the organization that derive from its
long-range planning activity.

Al this point the reader nay

dead

the organization
the operations
feel this study is beating a
organizational
nicrpretation has already demonstrated that organizations
have good logical and operational reasons 1o respond to
environment incrementally. And they,argue that that
way things ought to be in

horse sinee the Lindblom schoal of

their
t

Lol

1IN e

a democracy. There is no
quesuon.that-thisds the way organizations doirespond, bt
s> nuinerous observers have pointed out! this IS a major
reason whyithe plight of the society is inereasingly desperate.
I'shall not make the case here since it seems obvious enough
th made it clsewhere [17, that
gadls of environmental revival and protection,
city building,
ey implementation, arms control; technofogical Zssesse
biotechinalogy and social technology all require, /if
there I 10 be effective allocationofintellectual and malerial
resources, something radically different from policy
based on reflexive mini-twitches

eovermance and resource allocation,

on e face of it and | have
national
Third-World development, new educational

PG

for-
in agencies of
policy learned in past
£ct ahcad of problems and oppor-
shall be buried under them: entropy increases
tian increments of allocations.

mujations
expeniences. We niust
SO0 we
.".;“.L‘:'
iurihermore, the Lindblomian mode of description docs
a6t enlighten with regard to the relationships of organiza-
tional structure to the characteristics of the external task

environment as these affect and are aficcted by psych
logically-based FCSPONSes 10 environmeniul uncertainty a

These

respoiise. particularly poli

organizational innovation, relutionships  beco
critical when organizational
futures rath

formulation, must be made to problematic

than to a stable past. That is. if we wi

their
need to know more about organizatonal structure and h

+ L0 TV 10 redesi:
-Organizations to be long range in activities, we w
man behavior in relation to the future-infused environme
in which they operate than is provided by convention
political-administration levels of description and analysi
This study focuses on the level of analysis and descriptic
that is appropriate for thinking in terins of the feasibi
of changing the people in, and structure of, organizatios
So that they can cope with the internal mnovations neede
to cope, in turn, with their environment, over the lon
range, through planning procedures.

That the ideologically dc:"d. or at least dying, horse mig!
instead be the incrementa] philosophy itsell is strongl
suggested by the imagery and rhetoric that increasingly i
heard these days avowing the need for, indeed. the fact of
long-range planning. It is expressed by the federal govern
mental publicizing its efforts to apply planning, program
ming, and budgeting (PPB) by congressional efforts 1o pas
legislation relevant for long-range technological assessmen
and manpower development, by executive raining program¢
aimed at teaching corporate chiefs how (o introduce long
range planning into their organizations. by a growing
normative literature on social planning, by publication
such as Fortune and the Harvard Business Review with thei
emphasis on the new management-planning techniques
and by the growth of futurist studies and publications,
and by this Workshop.

However, while the rhctoric and the imputation thut
long-range planning is underway or imminent are increas-
ing, according to our studies little if’ anything is actuaily
going on that meets the Webber criteria. I will return to
this later. This state of affairs is compatible with the body
of theory and field study—and 1 will return to these too
that describe organizational
innovation, to use Schon's phrase [2].

“dynamic resistance’ (o
THE PHILOSOPHY OF Tii STUDY

Before reviewing more specifically avhat we have found.
let me describe the philosophy of the

study. The value

premise in this study is that long-riunge planning is both

necessary and dangerous to the democratic ethos. As such.
there is need to introduce and implement it with all the
sophistication and humanity possible. Hence we huad beticr
try to anticipate and influence what may happen in this area
in the light of what we know about men and organizations
on the one hand, and what we believe about the
conduct of planning on the other. We

proper
have tried in thi
study to understand the reasons for. and implications of,
this dynamic resistance to imnovation about long-range
planning in public organizations. in spite of the growing lip
service favoring it. Our understanding derives chiefly from

a comparison of the normative literature on w nat planning




should be with the lierature on orsanizationa! behavior

and planacd org

antzational change. We have tried to check
our hierature-based conjectures and to carich them by
lvoking at what 1s happening to long-range planning in the
real world today. And we have tried to better understand

the |.,'..71I\.ul(\l:\ of thiese processes for public organizations

by wlso looking at the condition of long-range planning in

private:corporaiions.

This study represents a preliminary effort at sysicmatic
conceptualization (o uncover arcas
rationales and to propose,
feasible, hy potheses lor rescarch on the social-psychological

and and

for

SAHGTYSIS
specific rescarch when
problems and opportunitics involved in changing over to
range planning in organizations concerned with the
public interest. This means, most importaatly, government
agencies, but it also includes private, public-service, social
welfirre organizations. Thus the project should be thought
of as an ¢xpedition, an exploration into an unexamined

area of organizational-environmental-interpersonal pro-

fone-
&

CCASCS.

The study is not exhaustive. It contains no statistical
tables, random samples, or tests of significance. We read
and interviewed both primary and secondary sources. In
this way, we acquired a sense of the current status of plan-
niag activities and the implications for the future by
comparing the normative literature about planning and the
material on the theory and practice of organizational be-
havior and change. Hluminated in thissway, more specific
arcas of rescarch and knowledge application can be
dehincated tor further systematic work.

Present State of Long-Range Planning

I will turn first to what we have found to be the present
state of long-range planning. We looked some at corpora-
uons to see - within that potentially more amenable or-
and “environmental” setting such long-range
defined herein was occurring. Contrary to
popular imagery, this is not the case in most corporations.
To be surc. the acrospace industry projects hardware re-
a decade or more ahead and organizes its
rescareh-andydevelopment and  sales promotions accord-

Sometimes<—but only sometimes— technological goals
Chunge as the anticipated environment changes. The utilities
and wood industries have simply
extrapolated demand and planned accordingly. But these
rlld\ of corporations respond to profoundly different
charactenistes ol the societal environment from those which
characterize most corporations and all-of the public sector.
Depending on therr particular product, they deal with or
thought they dealt with/stable_environments ‘and highly
specialized clientele, and they had no problems of dis-
tributive equity to struggle with.

canizational

planuing as

quirementis

Iigiy.

organizations grower

watluable
by J

pari-time st contributions to this study have been
Crowloot, A. Gruskin, and R. Olson. A work group has
deniberated mitensively hvr several two-day mectings. Its members are
K. Bauer, H. Davud, Dumont, R. Kahn, P. Ratoosh, D. Schon,
M. Webber, and A. \VL\(IH
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In more conyentional corporations. t
planning systems in operation of the sort represented by th
Webber criteria. Some organizations arce tryis 12 10 organi
to plan products and investments beyond two to four yeus

~which seems to be the usual time period for convention:
planning In when there is an

long-range corporations

long-range planning at all - but the reorganizational cost
50 far have been so great in organizational and interperse

readjustments that not much has been put in operation an
certainly nothing has been operating long cnough 10 cor
clude that it has been institutionalized even
settings. Although there arc very small beginnings within

very few organizations of trying to design and implemen

in particula

longer range planning, there is essentially no planning the
looks to alternative futures for the socicty in which thes
groups hope to operate and then alters present corporat
goals and styles to attain or avoid those futures. The usua
corporate procedure is to project a future that is compatibl
with present values, operating styles, statuses, and commit
ments and on that basis make their plans to grow in tha
projected direction. Indeed, it has been the experience o
one of the most conscientious and sophisticated of th
organizations doing futurist studies that most organization
are so narrow in their perceptions of their relationship tc
the larger society, and so unfamiliar with the processes o
thinking from the future back into the present, that futuris
studies are uscless to them. Even when corporations clain
they want to benefit from such studies for planning purposes
they actually use the studies only if the projections ar
compatible with their already-held plans and perspectives
Taking scriously and acting on a future that Jjeopardize
present successful allocations of status and rewards is simpl
too threatening.

Thus even though corporations seem to be the organiza
tional setting in which long-range planning has the
likely opportunity for realization in our society, little if any
planning is actually in operation except in certain arcas o
product planning and capital investment. Here. however
narrowness of context and purpose are contrary to th
planning perspectives needed in the public sector.

Remember that our attention to the corporate sector wa
only an alerting procedure to ascertain factors that mizht b
worth.comparing with.our data from public sector Organizi-
tions and from the literature. What about the public sec
There is even less effort or suceesy at long-range planning

Nnos

here than in the private sector. There few
templts at goal setiing,
technology, and a few solicitations of futurist studies. But

the interrelitio

arc a very
a few attempts at using plaasit

the goal setting is generally too narrow,
ships are ignored, and they are based on SIMpic projeciion
of present values and conditions.
been misused or not used: PPB and data banks are usuil
ritual activities. At best, they are used to facilitate Marging
improvements in operational
Futurist studies end up “on the shel™

Planning technologzy

]
present-oriented activitics.
s and no organization

has even thought about the requisite feedback system lor
monitoring and revising planning impicmentation. Gen-
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crally speaking. the present so preoceupies agency personnel
that the future is fett 1o take care ol itsell. Often the justiiica-
tion tor this attitude is why take risks now to deal with an
snknown future. In addition, the exigencies of reclection
rationalize avoidmg serious attention to the longer range.
\ lew public interest. private organizations seem to be
more penunely preoceupied with the future but seem
cquilly unabic o translate this concern into action. (The
only cxeeption we know of is the National YMCA.) That
is. they are unable to make the basic shifts away from the
priorities and personnel that the present rewards. Mean-
ume, Congress calls for technology assessment, holds hear-
mes on the need ior longer views in planning manpower
and coping with the urban condition, and proposes legisla-
tion to implenent the ussessment capability. No laws haye
been passed, but even legislation cannot itself deal with most
of the steps in planning.
LITERATURE AND ITS IMPLICATIONS

Tir Prassep CHANGI

| turn now to the results of our literature exploration
which is the crux of our study. The present “real-life”
situation of itsell’ proves nothing: the pressures for long-
range planning and the technology to do it are only now
developing and the future will be the more critical setting
for assessing the possibilitics of changing-over organizations.
I'he diterature on planning and on organizations is a more
fruitful means. for estimating the nature of that future.
The present would be more important if what is going on
were contradicted by what the theory and research, as
represented in the literature, would predict. But there is no
contradiction. When we compared the normative require-
ments for long-range planning with what is known and
theorized about erganizational behavior, the consequences
for tomorrow look like the circumstances today.

Or the many ‘ways | could summarize the situation, I
choose that of describing some operational design problems
and then some organizational transformation problems.
These will be catepgorized to reflect on the tasks Webber
designated as defining the long-range planning process.

Uneertaimty

Uticertdinty is to-be differentiated-from risk. Risk per=
tains when one thinks one Knows the probabilities involved
and makes risky choices based on the probability-based
expectation or evaluated hope that things will go one way
thin

Gational

rathes another. Models of exemplary behavior for
men and myths aboul rational behavior' assume
Aniowi probabilitics for making decisions. Uncertainty per-
tains whenyou know, or Suspect, that you don’t know what
you niced to know to make risk-type choices. You may have
too much or oo litile information: either way, one knows
one is working in the dark. Friend and Jessop [3] have
distinzuished three types of uncertainty that operate in
planning-type situations:

1) Uncertainties in knowledge regarding the environment
relevant to the planning task.

| B

2) Uncertainties regarding the future intentions of those
responsible for choices of action in related ficlds of activity.

3) Uncertainties regarding the appropriaie value judg-
ments upon which to make planning choices.

These lead to feelings ol need for: 1) more research regard-
ing environmental characteristics: 2) miore coordination:
and 3) more policy guidance.

Nomne of these needs for unceriainty reduction can te met
adequately in the long-range planning situations. However,
as Schon and others have shown, rational men find uncer-
tain situations threatening and usually avoid becomin
involved in them. Lindblom [4] warns in support of the
political and logical reasonableness of incrementalism,
“nonincremental policy proposals are typically unpredici-
able in their conscquences.” Uncertainty is avoided by
ignoring the issues that lead to uncertainty, or by gra-
tuitously translating an uncertain situation
situation. Much of the ritualized rationality that charac-
terizes high strategy in the nuclear age, especially with
regard to thinking the unthinkable, typifies these responses.
But either is an inadequate responsc to the problems of
long-range planning wherein the very problematic nature
of the future means the situation is inherently uncertain.
Organizations arranged so that they could deal with un-
certainty would be ones in which the members are trusted
enough by cach other and by their relevant constituencies
to propose goals, and means for reaching them, which are
original, tentative, and subject to revision as the organiza-
tion environment moved into that future—a future in part
invented by their actions and in part imposcd by the actions
of others. We find little evidence that men who have become
successful by defining themselves to themselvés and to
others as rational and pragmatic are able to~live openly
and continuously with uncertainty. We find no evidence
that we know how to design organizations that can work
effectively in an explicit context of uncertainty.

Into a risk

A Turbulent Environment

Emery and Trist [5] have conceived of and examined the
concept of the “turbulent environment.” This is the task-
relevant external environment {or an orgamization. The
characteristies are such' that ‘much that happens within it
that is significant 1or the organization is not the result of
actions taken by the organization. Essentially, it 1s an un-
certain environment full of unanticipatable amplificrs and
attenuators. The authors give reasons for arguing that this
1s the present and anticipated environment for organizations
in highly developed. complex, technological societies. 1
they are right; then internal differentiation of organizitions
to match their environments will be extremely difficult and
never more than temporarily in phase. It also means that
feedback from that environment will face the organization
with formidable. probably overwhelming, regulatory re-
quirements for adjusting means and ends at the time, much
less in an anticipatory manner. Both of these issues will be
discussed, and clearly turbulence increases uncertainty with
the consequences mentioned above.




Kedo traitron of fiternad and External Functional and

Operational Bonndaries
Cybegneticists workmg from their theoretical perspectives,

nad theorists such as Miller, Rice, and Thomp-

planning theorists such as Lawrence and Lorsch
s that organizations must be differentiated internally
Morcover,

their relevant exterital.environment

der that the overail organizational goals can be pursued,
the oreantzation must intearate these differentiated activities.
But osne thing s clear from both literature and the field:
the exasting intra= and interorganizational differentiation
and mitcgration of agencies “serving™ the public interest are
appailingly mismutched to that public interest. The new
wechnologies of data banks, social indicators, simulition,

Gl .

could permit greater apposite differentiation and in-

tegration than has ever been possible. Futurist studies could

help delineate patterns of dilferentiation and integration
I i

that

than

might be more responsive to the developing situation
those derived the past. But when these
nologies, which are all a part of long-range planning tech-
nology, are applicd for purposes of cstablishing new
they arc profoundly
threatening to preferred and stable views ol 1) what is

from tech-

differentiations  and  integrations,
important “out there™: 2) internal empires and status: and
3) detimuions of self in terms of skills (see what follows)
and one’s internal and external utility. For these reasons,
very dew persons will be prepared to give up the rewards
ol present boundary arrangements in order to try to cope
better with a problematic future, or even to become em-
brotied in problematic redefinition of present operational
and runctional boundaries.

New Skills

Use of long-rangeé planning technology depends on
acquiring new sKills In“interprefing data, reorganizing per-
sonal perspectives. coping with turbulence and error, living
with uncertainty, task-oricinted interpersonal relationships,
sentient relahionships, and in future orientations. A crucial
psychological usefulness of” organizations is the protection
they afford therranembers from being overwhelmed by the
covitonment: Bul all aspects of fong-range planning require
thase involved toenlarze/their skills at.coping with greater
persanal and societal complexity and turmoil. To the extent
programs and perspectives will need revision, everybody
i the organization must have these skills. However. not
cverybody in existing organizations can learn, or cares to
leagathems rom top te, bottom; the casicr situation is 16
avoiddhe challenpe and-disruption by avoiding long-range
planining.

Fecdback

Fhe sme qua non of long-range planning is the capability
o evaluate continuously the relevance of the goals sought
and the means used for secking them and, on that basis. to
revise coatinuously both the goals and means as appro-
priatc [6]. The organization must scek information in the
environment and must act on it. However, if the environ-
ent as turbulent, its characteristics are not gencrated
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exclusively or princinly by its mmteraction with the specitied
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organization. Thus the feedback is very Likely 10 indicaie

thit things are ¢ither going dilfierently than steaded or are
mystifyingly indeterninate as far as assessinz the impact of
the organization on the eavironment from the perspectives
of the long-range task with wiich it is coping. Not only
nust the organization be structuraliy dilicrentiated aad
integrated to deal with such discomborting terbulence and
evidences of inadequacy but, 1o do so cllectively would
scem to require a profound shift in values. Insicad of being
open
must become the necessary way to go about societal learning

a threat to those “‘responsible,” “error embracing™
through the revision of on-going plans. Political man and
rational man avoid error acknowledgment like sin --which,
indeed, it smacks of in our saciety. In the existing way of
doing things, a rational and skilled man has, by definition,
the good judgment to choose his risks correctly. In terms
of conventional wisdom, he does his very best 1o avoid
getting mixed up with uncertain situations. But in the open-
system  cybernetic philosophy treats error as a natural
property of such systems to be detected after the act rather
than to be anticipated. Indeed, the capacity to adjust
dependsion effective use of error. But we do not now have
an crror-embracing ethos, nor do we know how to design
organizations that have a capability for continuing re-
differentiation and reintegration as a lunction of what the
feedback from the environment requires.

Technolegical Inadequacy

Since concepts and data for selecting among them are
relatively primitive as regards our understanding of the
socictal processes that would be the subject of social long-
range planning, it follows that otir computer-based simula-
tions, data bank conlent, social indicator selection and
interpretation methods, and methodologies tor futures con-
jecturing are «ilso primitive. As a result, potential users feel
justified in rejecting long-range planning on these grounds
alone, whatever clse motivates them. But this means that
the incentives, resources,cand opportunities needed to im-
prove the technotogy by evolvingiit in its natural setii
in the library, or-in the laboratory arc comparatively few
This situation constitutes a seli=fulfilling prophecy for those
in public organizations who say long-range planning wiil
not work. {As | have said eclsewhere, 1 do not think long-
range planning would work well underthe/best of of
tional circumstances for a long time to come. But this way.
it will notwork at all!)

Inssumgorganizations that should apply leng-range plan-
ning technology and philosophy in public intcrest areas to
cnable anticipated future states to guide present actions
must live with the personal and organizational threats
inherent in: acting in unceriainty; acquiring new skills:
living with frequent boundary redifferentations and re-
integrations that would upset present statuses and senses
of self: and embracing the errors that inevitably wiil be
produced in part by the planniag
part by the feedback from a turbulent environment. These
problems and processes would repeat themselves endlessly.

technology atselfl and in




e requirements o be met witlin one or-
ad Buve not discussed here the obvious prob-
lems ol inter-organizational collusion and competition and
the elieets of these on the above delincated internal require-
is no wonder long-range planning is so thoroughly

resisted!

Now that |

psycholosical sources of organizational resistance 1o long-

nave speculated about some of the social

range pianning, let me deseribe some of the social-psycho-

logical isues of orgamzational transformation.

ISSULS OF ORGANIZATIONAL TRANSTORMATION

It follows from the above discussion that a NeCessary

precondition lor long-range planning is organizational
development. The personal and interpersonal skills and
flexibilities needed 1o cope with the emotional and intel-
lectual burdens of the change-over and the operating
situation far exceed those that most people seem to pOssess,
and certainly exceed those that organizations, particularly
public agencies. reward. But these strengths and skills
would also need to be linked to the appropriale structure
of individual, task group, and functional arrangements.
Finaily. bath pcople and strueture would have to be miatehed
to long-range planning technology per se. And all of these
designs would have to be appropriate to the relevant en-
vironment. But not. of course, in & once-and-for-all sense
since the eavironment and the technolc gy, hence the people
and the structure, would be changing.

Qur review of the literature on organizational develop-
ment techniques makes it clear that none of the current
technigques available 1) 1o shift interpersonal skills and
personal behavior, 2) to recommend some valuable strue-
tiral changes, or 3) to better relate sone organizational
ks 1o through-put technologics, is adequate (o the chal-
lenge posed heress What iSamore, there is zo theory or
technique that combines technological, interpersonal, and
structural organizational change.

In‘the public sector, the situation is still more discourag-

aperience and theory make clear that organizational
development_takes years of deliberate effort—This time
peniodimust be dominated by a champion at the top of the
erzamzation withosullicient control of resources /and or-
ganizational bounddries to make possible the controlled
cquencing of the organizational change procedurcs. None
oi these requirements is met in government. Of special
fmportance, no one high in governmenl organization can
have sufhicient

|

one

conirol of organizational boundarics for a
cnough period. There are congressional and. client
constituencies avadable (0 those linside the organization
that muke the boundaries highly permeable and boundary
control ampossible. And these problems and limitations
arc comimon knowledge, which further the in-

centives to put real effort into organizational change

reduces

Itienks like 1) we do not know how 1o design organiza-
Hois 10 do public sector long-range planning and 2) even
i we did know how to design them, we do not know how to
deliberately get them transformed from what they are into

the appropriate new forms. What then? One could hope

I8

that we will stay ieve this is a

R |  pmy = 1
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tragically naive hope. Onecan “cop-oul” inall the approved

ways a rich multiple-option socicty provides. One can scek

revolution, but I have yet to se¢ a model of a complex
sociely thal overcomes the theoretical and practical prab-
lems posed here which apparcntly have no ideological
Itmitations. One can look for surrogates for long-ranpe
planning and for the organizational development processes
that provide its functional cquivalents. That is what we are
now looking into. Let me mention some directions of our
Work.

Crises and disaster appear to be the occasions affording
the greatest opportunities for basic structural and personad
changes in organizations. Social and ccological crises and
disasters are inevitable, probably in increasing numbers.
What about contingency planning of programs that in-
cludes designing organizational changes to be instituicd in
fluid, crises situations? The problem here. aside from our
pathetic design capability limitations, is that contingency
planning of this sort on a sufficient scale to matter probably
depends on acknowledging publically befure the facr that
one has no real capacity for avoiding the crises Otherwise,
the planning effort will be too feeble. The needed skills are
scarce and hard to recruit. But acknowledging impotency
has obvious problems for the agencics (or foundations or
private social service organizations) that would take this
step. What's more, the contingeney plins, by the very fact
that they are too disruptive of conventional rewards to be
instituted under every-day circumstances, will be politically
controversial and, thereby, vociferously rejected in conven-
tional political quarters.

There is.one hopetul (?) social-psychological factor that
may operate here: As the calamilics increase, it may be
casier for leaders 1o acknowledge crror and incompetence
simply becausc many of them will be perceived as trans-
parently incompetent. In that way,
bracing learning philosophy regarding long-range planning
might be more implementable, because it will be obvious
we simply do not know what works. But the more typical

sychological response in, crises IS to scek leaders wha
- & t

the whole error-cni-

comiort by insisting they have the answer.

Another approacli is to.sce whether the planning process
can be “partialed-out” to other parts of the society that are
functionally better able to accomplish them. For example,
corporations or think-tanks could do theradical imae
Advocates and citizen groups could do their own scanai
ol the environment and force the feedback on the respon-
sibleiagencies. Laws could act as resulators, in Vickers'
sense.sensitizing the system to when it is going in the righit
direction [7]. But the structures that would accompiish
this in the public interest do not now exist cren in theory,
much less in a necessary interpersonal reward system within
the organizational and inter-organizational matrix.

There is, in principle. another way 1o view these probicms
and that is to ry to discover a theory that makes possibie
the needed organizational design and its implementition
which would encourage and permit long-range planning.
Throughout this study, | have been haunted by a picce of
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I here was a time when acrodynamists

design prety good awpianes but the theories upon

which the des were based adlso said the honeybee could

Today. they design betier planes and can also

not
wow the honeybee flies: Maybe society, and the
by

have

that comprise i, can be made to

than

fly

dilicrent or additional principles those we

discovered so i

nind, the

fo my most pronusing approach here is to

think about the possibility and feasibility of a complex
soviely where organizational structures and the norms that

them are designed to reward a different set of
nature of It scems clear that

15 about the man.

to be a dehimiion that says it is natural for

it would have
man toembriace error, live in uncertainty, live in nature, be
trusting, and be as constructively and openly feelingful as
“Unnpatural’™ as that de-
finiton of human nature scems o us, it is age old—Huxley
has called it the Perennial Philosophy—and scems to be
making sensce today to a growing number of people (I think).
Wheiher the occasional, tentatively successful, experiments
have matched “human_nature”™ and organizational
structure in. this perspective can become the norm or even

he is now constructively rational.

that

Scie

eworK for

nce
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become an imporiant strand in the
i

change remains to be seen. But if our theory '.:’;\i his
organiza
arc in terrible trouble.

long-range planning for their realization and national goals
o L -

i 3 - i ror- . 1y avfy »y
tions cannot be replaced or radically revised, we

For national goals will depend on

as planning guides will be a necessary input to the planning

process. The way things are, that process is inaccessible 1o us.
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HARVEY BROOKS

thstrace—Seience by itsell has no impact on society. Is impact is

meluied threnih the professions, all of which are concerned with design

i seie sense. Seience and  technplogy are buth  option-generating
processes and the options have a high mortality. It is only the application
of iechunlogy in a replicative process that is option-choosing and comniits
us oty socl CONSCLQuUcnces.

Sockdsystems do not conform to traditional systems analysis. They do
not have single olijective fanctivns, Fhey exhibit contlicting and internally
iconsistent ganlse Svstems analysis which aims (o incorporate society as
part pldhe sysicor musl incorporate these conflicts and inconsistencics as
pari of the analysis,

Varctan enviconmental analysis and Allison’s models of governmental
decision-making: arce described as illustrating how the concepts of systems
atudysis oight be broadened (o take into account the response of social

“roups and burcaucratic structures to technocratic plans.

" Tipt received May 22, 1972, This paper was presented at the
\\..u\ wipon N x.nmm Goals, Science Policy, and Technology
at, Warrenion, » April 26-28, 1972
awihor s with the I)nnmn of E n;nnu.nnh and /\pplu.d Physics,
Harvard University, Cambridge, Mass.

If engineers are to bring systems thinking to bear on social problems,
they must learn how to incorporate social and political theory into'their
analytical framework ab initio.

TECHNOLOGY, APPLICATION OF

TECHNOLOGY

SCIENCE, AND Tiil

FAHE RECENT
& poliey” or *
of confusion in thinking

popularity of such terms as “‘scicnce

science and society” has led to a good dea

about the relationships betwee

science, technology, and socicty and the responsibilitics of
scientists and engineers and other technologists in these
The term science on society ™ is

relationships “impiact of

an extreme shorthand expression for a process which is
very complex and involves many c¢lements besides science
By itself’ science has no impact except on man’s thinking
and the way he views himsel

Science is not action but thought, and thought which aspires

{ in relation to the universe
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thstruct—If modern technology is to tmpact successfully on sig-
niticint social problem, the Quantitative model must lead to a hnite set
of ultervatives, cach clearly referenced o its social, economic, and
political constraints. Fron: such alternatives, priorities must be estab-
lished by ihe political process—it is at this step that the major current
impedinient (0 progress occurs. The engineering community carries the
responsibility of clucidating the specific decisions which the public

must make.

T HE SCIENCE ddvisory system of the Federal Govern-
' of engincers and scjentists

from
peer reviewing of proposals to service on standing commit-
tees and ad hoc commissions and from personal contacts
with members of the legislative branch to overt attempts to
iniluence public opinion. A primary objective of this com-
plex advisory ‘mechanism is to establish specific national
gouls which represent realizations of the positive contribu-
tions technology can make to the improvement of the
quality of lite in this country.

In recent years, there have been a number of attempts to
this advisory mechanism. Articles in Seience,
reports by Nader's organization, studies by elements of the
system (the President’s Science Advisory Committee and
the Academies), and the Zrowing body of literature on
mieraction have cited a number of
suceesses (for example, in biomedical rescarch or CRVIFon-
meatal activity) and certain marked failures (most notably,

£ ment javolves thousands

Atiempling to impact the system in 4 variety of ways

evaluate

Sicnee-government

i the current public attitudes toward technology, but also
such areas as our inability to reduce the annual auto-
bile Litality rate, 10 curb the drug epidemic, and.-to

ainchiorate the serious urban problems).

one looks at the variety of national programs
the past decade which have been developed o attack

MaAjor socidl problems, one is lempled to draw the concly-

that'ahe only positive result is the demonstration that

cachiol rhese will 1ot work. In the area of cducation, for

SeC 1o nearer 1o a resolution of de lacto

Indeed, if

2On

cxample: we
Ceeregation problems: educational television has been re-
jecied i tormal educition us Medns to obtain improved

iem performance within cosi constraints; Computer as-
a decade or more off
in the investment of dollars
Head Start program is widely
Department of Health Education and
Wellare has quictly dropped the ES "70’s program and less

Citedinstruction s gonsidered still
4 company which has led
HITCTeUtive manpower: the

cized; and the

prreceived May 22, 1972, This baper was presented at the
Hiop on National Goals, Science Policy, and Technology
simweat, Warrenton. Va » April 26-28. 1972,
" U he author is 'with the State University of New York, Stony Brook,
N.Y. 11790,
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quietly proclaimed performance contractine 2

three weeks the Nen York

failure, One
has the impression that cvery
I J

Times announces in a front-page story the fantastic success

ol a new method for teaching reading. with another lead

article faithfuliy following a week later to antnounce that
test results were manipulated in that particular progran.
We seem to be left with only

programs: day

a few new and untested
carc centers for pre-schoolers and open
universities for posi=schoolers. With such exceptions, we
4are In a state of idea bankruptey, nor only
but also with respect to most social problem arcas I'he
paucity of exciling novel approaches coincides with the
national recognition that these problems are not as trivial
as the technological challenges of dey eloping a new weapon
system or placing a man on the noon.

We could go on to chronicle the many confluent forees
Wwhich lead to the current national atiitude toward tech-
nology which threatens to force legislation limiting. directly
or indirectly, the development of that new technology which
1S so essential if we are to ameliorate these problems. This
Is the same national attitude which results in 2 onec-year
drop in freshman engineering enrollment from 71 000 to
58 000, and which marshalls public opposition o new
technology without any willingness to undersiand the
alternatives.

All of us in technology, however, dre far too aware of the
difficulties and hostilitics we face. It is precisely at such a
time that-we must forge new, creative. and positive pro-
grams. The very fact of the wide perception of the failure
of past efforts is. tor op-
timism about the future. Not only will any small Success
represent a refreshing change. but after several years of
naive optimisim, we now recognize the enormity of the
problems, we understand the neeessity to make progress by
small steps, and we appreciate the complex interaction of
social, political, and cconomic factors with tectinology. We
have laid the groundwork for
tributions to education, health. environmental contral,
transportation, housing. and (he like. 'We
from the difficult conversion from the
cconomy:to the civilian econony.

in cducation,

IN_onc sense, the greatest cause

major technological con-

are cnicrginge

military-space

THE BASIS OF A PROGRAM

A specific program designed (o 4pply technology to
improve the quality of life by effecting
particular aspect of that life (education, transportation,
etc.) must be based upon an adequate quantitative model of
the problem areq.
fanction, the model Must encompass not only the costs of
the service, but also definitive measures of the quality—or
the ways in which there is a deficiency.

change in any

If we are discussing a specific service




s quantiative modely coupled with an understanding

sdern technology as well as the existing social and

o e O

pohitical constraiils, allows logical decisions on the deiails

of the prosram. Typically, a long list of possibiiitics is

seierated s possible avenues of auack. Social scientific

Caformation is then required before prioritics can be cstab-

fished within this list —information not only on the impact
on all aspects of the social system, but also on human
aunudes toward change. When priorities are established,

the program then entails technological development paral-
leled by educational and social programs preparing for the

oy ation

{

in order to ilustrate these general ideas, we turn 1o 4

particular ¢xample: health care. An intensive scries of

national reports dating well back into the Johnson Ad-
ministration has documented the relatively poor health
tatus of Americans compared to people in the other ad-
vanced nations of the world. (Admittedly, such gquantifica-
tion has to be interpreted with care, since there really are
no measures of the average quality of health; instead mor-
tality and serious=disease rales are used.) Furthermore, the
many national studies both within and without the Govern-
mentseem Lo agree on a number of causes— several ways in
which the U.S. health services system is not meceting desired
performance levels in spite of the high and rapidly rising
cost of health care in this country.

The interesting feature of this list of causes is that in

many cases technology can make a definite contribution if

e micansis found to implement a technology-development
program by providing the necessary federal impetus, aggre-
eating @ markel enough to make the ficld attractive to
industry. and establishing ‘appropriate guidelines and
standards

 glance at the causes affirms this potential

Even 4 cursor

rule for technology

1y Senior Citizens: Here the:sorry state of nursing homes

has been emphisized by President Nixon during his Nashua,
N.H.. trip and in “popular™ terms in the book Where They
Go 1o Die. 45 well a8 in duserics of efevision specials and
asticles i the press. The lack ol technological development
Is apparent 1o -any-visitor to such-homes,-where there is
essentially nothing to improve the mobility of the physically
handicapped, (o assist individuals who are unable to care
for themselves, or to atilize computer video terminals to
nrovide entertainment. Merely a typewriter designed cs-
pecially for users who dre unable to directtheirfingers to

simall wren would be a significant did, as Myron Tribus?
Parnmouth Collepe students showed in their-work-—with
pastic children, and some of these patients could be given

strong purpose by using technology to allow them to
aerials for

seemis kb

prepare n

blind people. As a final example,
tle justification for a cost of $1000 for a

NOINL

tnere
device 1o a human being onc flight of stairs in his
nome a few Limes a day.

2) Middie-Aged: One of the principal reasons for the
poor U.S. life expectancy is the relatively high mortality
rute of ciizens of 25-45. While the causes ar¢ not com-
plete.y clear, certainly hypertension and alcoholism are
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significant factors. Even more surprising is the high
of physical disability, with the number ol handicapped
growing markedly faster than the outpul of rehabilitation
programs. In spite of the publicity. associated with the
“*Boston

blind, the percentage of physically handicapped who benefit

arm” and claborate reading machines for the
significantly from modern technology 1s exceedingly small,

With less than 20 percent of the blind reading braille. the
need for a national program to capitalize on the low-cost
audio cassettes is apparent. Laser canes as mobility aids
have been heralded, but the vast mujority of the blind
experience great difficulty in moving dround urban areas.
Indeed, until very recently our industrial process did not

par-

even make available a folding cane—certainly not
ticularly high technology.

3) Young Adults: The 15-percent drop since 1900 in the
ratio of females to males in this country has received
wide publicity because of the implications for women's
liberation and the relationship to the optimum marriage
age for males and females. One of the important causes of
the drop is the death rate among young male adults: deaths
resulting from automobile accidents, homicide, suicide,
and drug addiction.

Technology can play a significant role in mitigating this
situation. In the drug-cpidemic problem, for example, sys-
tem analysis is desperately needed to determine at which
points intrusion into the manufacture, distribution, and use
network is likely to have a meaningful effect. For instance,
the administration has publicized the agreements with
Turkey to limit the poppy crop grown there, and on Long
Island restaurants are boycolting French wines until France
takes strong action to close the Marseilles manufacturing
plants. Serious proposals have been made to use sateliite
observation to monitor the location of poppy growth
throughout the world.

Yet none.of these measures really seems significant m
terms of the U.S. problem (although perhaps they can be
justified on world-wide humanitarian
prices in the U.S, markedly higher than elsewbere 1n
world, this country represenits the prime markei. It appeurs

grounds). With diug

the

that more than9Y5.percent of the world’s poppy crop w ould
have to be eradicated before we could anticipate & muy
change in the supply in this countiy.

1
niny
Praly

In the problem of automobile saltry, technology can
several immediate roles beyond the obviouas improvemicnt
of wehicles and highways. The air bag, now dictaied
installation in all cars by 1973, requires major technolopical
development, as emphasized in lust month’s R ECAT rcp
by the Office of Scicnce and Technology.

As the President’s 1972 State of the Union message
the March 16 special message on science and eehnology
both emphasized. a major effort is needed in the develop-
ment of emergency medical care systems and devices 10
reduce the third of the 35 000 annual auto latalities which
are attributed to improper emergency care. The 88-percent

expansion in Federal lunding proposed for fiscal vear "73
for new demonstration projects arises to “pull together the

technologies into a system which effeciively links com-




wabion, transportation of victims, ambulance equip-

meant and service, trained manpower, and emergency room

hospital service. ™

BriADIH OF A PROGRAM

The three aspects just mentioned represent, of course,
only a very small part of the model for the present U.S.
the model which shows as vividly the

health care system
any soeafic points at which existing technology could

nadify the overall quality of health care. We

aocussed at all the health problems ol children,
aring costs of care for the enitically ill, or the most
' ol the more than one-third of our popula-

o iy effectively scparated from the health care

sy
Prodichiy

sysfein eacept n situations of dire emergency. (In this last
direction lic perhaps the major challenge and opportunity
for instrumentation technology, and one of many chances
to demionstrate  that technology can indeed enhance
individuality.)

From such a4 model (developed naturally in very much
more detail than s possible in these brief notes), we can
formulate a lengthy list of alternatives —specific govern-
mental or national programs which effecta positive change
i the health status of this country within the existing
social. political, and cconomic constraints. Such a list
would ceriainly include, for example, the following:

4) the design of an array of ambulances and emergency
vehicles sinndar to that now in existence in the Soviet
Union and ranging from general purpose to highly
specialized :
ihe development of low-cost special-purpose mini-
computers tor hospital information systems:
the realization of a greatly expanded nationwide net-
work of artificial-kidney centers to treat the 30 000
puatients annually who are now unable to obtain help;
research directed toward malnutrition tests which can
oc admumisiered carly and at low cost to large numbers
ol people, mothers, where
nutritiondl deficiencies seem to adversely affect the

particularly expectant

vhild

Just thiese four possibilities point out the wide range of

wchnological difficulties which can be anticipated tor the
complaie hist of altcrnatives. The programs a) and b) are
straighittorward from a technical standpoint they require
nonew technology. ladeed, a) merely awaits some assurance
ol & suitable market. Program b) requires at least a modest
study ol the true needy of this aspect of the health cure
yateni, or perhaps €ven more, an agrecment among hospital
admunisirators and nanagers.

lieni ©) begins 10 introduce technological difficultics, or

it least uncertainties, because ol on-going rescarch directed

toward cost redaction, simplification, and portability of

artilicial kidney machines. Finally, the nutritional-test pro-

gram demands a significant research effort and hence

mvolies more uncertainly as o success.

in cich of the hundred or so possible programs which
can b listed for improving health care by technology, the

22

description of the progranm must also nclude the model
for the social and economic constraints within which the
new technology must operate. For example, the ambulance-
redesign elfort (studied recently by both HEW and the
National Academy of Enginecring) is severely fimited by the
confusing multiplicity of responsibilitics for ambulance
operation in the typical city, the stringent financial con-
straints under which both municipal and entreprencurial
Systems operate, the inadequate training programs for
ambulance personnel, and a disarray of Local and State
statutes governing operation. (The proposed Federal pro-
gram mentioned carlier will attempt to find, as pilot projects,
a small number of localities where this confusion is minimal,
in the hope of inducing other cities and local governments
to take positive steps to create the legal and social setting
amenable to the introduction of modern technology).

LIMITATIONS OF TECHNOLOGY

Thus we are now at the point where a list of alternatives
has been generated., each complete with the social, political,
and economic portions of the model and the program pian.
Indeed, each can be evaluated on a quantitative basis ift we
with to strengthen the argument by demonstrating that «
proposed program will yield an cquivalent dollar benefit
greater than the cost. (Reading various cost/benefit analyses
prepared to substantiate proposals, one rapidly gains the
impression that the nation could easily utilize its entire
tax revenue in new programs which would reap benefits
far exceeding costs.)

The actual implementation of any subset of these pro-
grams requires a decision on priorities. It is at this point
that the political process rightfully assumes the decision-
making responsibility. Unfortunately. the political process
is often not assisted very cflectively by the scientific com-
munity. Anyone who has sat on biomedical advisory com-
mittees with a variety of physicians is acutely aware of the
nability of the medical experts to agree on priorities. Quite
naturally, each tends to feck that an additional $100 million
of federal funding for health should be devoted largely 1o
his own field of specialization. Every administrator of an
existing program is acttely aware of his own funding limita-
tions and argues for expansion of his program in preference
to mitiation of a novel ¢ffort. The politiciany have to be
sensitive to public concerns and have to cimphasize Programs
which involve the direct flow of money to cnrtical com-
munuties or which have a high degree of visibility (such as
the artificial_heart program or the cure-for-cancer under-
taking). Finally, hearings before Congressional committees
tend to encompass extreme viewpoints rather than studied
evaluations by relatively disinterested experts.

In the midst of all these diversent forces. establishing
priorities in u quasi-logical fashion requires exceptional
leadership and an exceedingly strong science advisory
mechanism—a mechanism which does not hesitate to enter
the political arena in order 10 win support for desirable
programs. The professional or scientific socicty which
insists on maintaining assiduously its detachment from the

political scene (often under the excuse of retaining its
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CONCLUDING COMMINT

Most of taday™s serious social problems can only be

anchorated by the miteligent use of technoiogy. Technology

cannot change the urban or social environment and human

belavior: il cannot soive nijor social problems such as

unegual or health care; 1t cannot solve the

problemis of raercasing productivity in the sérvice scector
(which now cmiploys the majority of our workers) and at

same time decreasing unemployment; it cannot yield
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an appropriate mternational trade balance
diplomatic and miernational cconomic devclopmeits,

But in each ol these aspects, the human and social use of
technology can icad to marked improyements in our quality
of life. The technology exists. The nceds are widely recog-
nized. We are primarily stymied by our inability to develop
workable procedures to establish national priorities at a
timé¢ when so many competitive forces are acting on the
political decision-makers that it is increasingly difficult to
focus efforis or resources above critical size on any specikic
program. Into this gap, the technology profession niust
move with the individual engineer. the professional sociely,
the special advisory and evaluative committees, and the
major national resources such as the National Bureau of
Standards and the National Laboratorics.

loward a rramework for National Goals and

Policy Research: Notes on Social Indicators

F. KARL WILLENBROCK, FELLOW, [FEE

Absiruci—Quantilative  information and factual indicators  ure
essential for informed decision-making, and science and technology
policy-raking is no exception. However, there are no social indicators as
there sre ceonomic indicators. Direet measures which relate to tech-

1

nolticalaccomplishments arcalmost impossible to obtain. Analogies and
¥ 4

siccdates are (he arganents vsed for programs proposed in problem
arcus rather thun speciic measures or specific indicators which permit the
evaluation of the clfectiveness of the program.

In zddition to the lack of quaniitative data, there are economic and
institutionul practices and resuliitions on an international, or state and
locallevel that often act as powerful nontechnical barriers to technological

dent and change. These include state highwav regulations,

b 1 Codvsgdan nites and structures, the patent System, re-
strictive application of afti-trust and trade regulation, absence of and
Hageewy of nonperforngnce based standards, and subsidies and tariils.

The methids o scicntific investivation and the social engincering

called systems analysis which ovn primarily successful in the
solution of mililusy and space probicms have important roles to play in
;

this sireas They cun provide ihie framework for the determination of the

particukar types of qualitative informiation needed to measure the nation’s
soctal Ticalth,

INCRODUC TION
A NHANTERATIVE ilormationand factual indicators, in
\/ neral, Gie obviously essential for informed decision-

kg, and scicnee and technology policy-making is

2 75 -
Aprii 28, 1972, This paper was presented at

kL

Nauona! Goals, Science Policy, and Tech-

2y Assessne renton, Vi,

Lo author s e Instis

April 26-28. 1972,
te ior Applied Technology,

_ ' i National
au ol Standards, Washington, D.C. 20234,

no exception. We are by now so accusitomed 10 secing and
using econoniic indicators, such as gross national product.
price indices, and national inconieé accounts, that economic
policies would hardly be considered without reference to a
wide variety of these indicators. Social policies and policies
related to science and technology, in comparison, do not
have similar indicators. Although it may appear as though
comprehensive economic indicators have always been avail-
able on a routine basis, they actually were developed in the
‘thirties, and then werenot developed overnight. There is
a long history of research and development by economists
and econometricians becapse progress required theoretical
deyclopnients and was not just a matter of collecting data
It appears, thercfore, that there is a long-way 1o go betore
quantitative support for science and) techaology policies
can attain the sophisticiition and scope available in the area
ol cconomics. No attempt will be made here to lav out the
necessary theories for science and technology indicitors
What we shall do first is to discuss the need tor quantitatine
information.

Quantitative inlformation for rationa! decision-making is

essential because it enters into nearly all aspects of the
process ol arriving at good choices. One type of quantitative
information can serve Lo identify problem arcas. The areater
the detail in the nformation, the sharper can be the focus
in terms of providing an understanding of the problem and

the nature of the action that might be needed. For examiple,
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1. DOUGLAS HILL, MEMBER, 1ELI

{hseract —Program phitsning begins with prohlem definition and cnds

with planing for action. The key products that resull from the problem
definition, value systenn desipgn, and system synthesis steps are discussed
and interrelated through (he use of interaction matrices. Particular
cinpluisis is given to defining objectives and to defining a set of measures
on the abjectives by which to determine their attainment. Interaction
miatrices relate objectives measures to objectives and link activities and
measures of their accomplishment o the attainment of ohjectives. A
major consequence of program planning is the choice of 4 program to
pursuy, and identification of the projects that will be carried out as a part
of a selected program, Selecting the set of projects is discussed in {erms
of consistency with corporate or agency policy, and (he economics, risk,
and potential benefits associsted with cach project. A criterion function
that incorporates the latter three factors is described and proposed as 2

practical way of evaluating the relative merits of projects.

INTRODUCTION

TN EVELOPMENT of a theory of systems enginecring
;_/ thatawiil be broadly accepted is much to be desired.
I he process of developing such a theory.is iterative between
fornr and ‘camtent. If one has a form, 1.€., a broad framework
for suchia theory, the content can be matched to that form.
In the process of developing the content, it may be found
that the form is deficient and requires change. Then the
content will have to be reorganized, amended, and aug-
mented. This may result in further modification of the form.

Two things can be said about the initially chosen form,
with which the content is to be associated:

i) The form does nothave to be totally correct, but only
reasonably adequate to permit the content to be developed

ir

ARG STTUCLUred

2) Without such a form, the iterative process needed to
develop the theory cannet proceed.

Ancinitial form that seems quite adequate for develop-
ment s that given by Hall [1]. This form is a three-dimen-
stonal morphological box. Two dimensions of this box are
the plases and thewsreps of systems engineering: If one takes
these phases and steps as given for beginning the iterative
developmentokatheory of systems engineering, asignificant

onceptual obstacle to the development is overcome. It ther
necomes possible to proceed to relate existing content to
the phases :

ind the steps, and (o discover where there 1s a

need tor new ideas to aupment that content.

P 1 showsskiall’s matrix with seven phases, the seven
9 steps shiown as coondinate indexes. The @ entered in
this

malnx “ooresent sets of activities associated with each

square of tie matrix. For example, a;, represents those

dctivitics 1o be carried out in the problem definition step
of the program planning phasé. This paper seeks to develop
content associaied with phase | of Hall's matrix, the pro-
2ram pianmng phase.

anuscript received November 23, 1971.
w authors are with Battelle Columbus Laboratories, Columbus,
Ohio 43201,
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In presenting the framework, Hall did not attempt to
spell out the content in any detail, but he did call attention
“aid w discovering, or

to the use of the framcework as an

seeing more clearly, unigue activities.™ It is in this sense that
the program planning phasc described in his paper is used.
It is important to read his paper beforc proceeding with
this one.

It 1s intended in this paper to discuss steps in the program
planning phase as a connected set. It is hoped to show that
while there is continual iteration and reevaluation among
steps in this phase, it is possible to unify the process of
program planning. This is ddne by linking the primary
products of various steps in a way that allows documentation
and display of an overview of what has transpired. Though
this paper i1s limited to the program planning phase, much
of what is presented could be applicd to other phases as
well.

Because of the complexity, and the nced to be able to
perceive a multiplicity of relations, a graphic approach
seems cssential. An example will show application to plan-
ning for the development of short-takeoff and landing
(STOL) aircraft as part of an air-transportation systenn.

PROBLEM DEFINITION LINKAGES

At the oulset of a program-planning activity, an organiza-
tion is faced with defining a problem or issue that the
organization might wish, aftér suitablé study, to address.
The assumed input conditions are a broadly defined set of
organizational goals ind a set of"available resources. Prob-
lem definition is usually a group activity since it requires an
outscoping in_thinking to encompass a broad scope of
potential ideas and candidate problems. Quiscoping is a
deliberate group attemptao embed the problem or issue in
the nextyfarger problem~orvissue iteratively in order to
expand the scope-until the problem or issue is seen in an
Ao ThiS requires a language in which
Ihe

engompassing cont
to develop and portray the product of-the group.

language of graphics appears to fuliill/this'need. Trees and
matrices can be used to provide a unifying visual picture of
the program plan as it evolves

phﬂ..\\'

step and the planning

Problem, definition in the program planning
fesigr

for action step. It is also needed for the problem definition

needed for the value-system ¢
steps of later phases. Twelve products of problem definition
are:
I) a well-conceived title for the problem or issue;
2) a deseriptive scenario, explaining the nature of the
problem, and how it came to be a problem, present-
ing as much history and data as can be prepared with
available resources;
an understanding of what disciplines or professions

are relevant to an attack on the problem;
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Fig. 1. Hall activity matrix

-y
r ! To Introduce a Safe, Reliable, and Economfcal :STOL System into the National

5 Transportation System

J To Estimate Impact of STOL Transportotion System on Ugbon and Re fonal Development

[

To Develop Svstem and Subsvstest Technoloplon ty Fiarthee STOL Systom Dove lopmant
{

J To Select Potential STOL System Technolopy Developments and 'Allocate Resources

To Establish and Disscminate System Criteria to Industry and GCovermesnt

To Conduct Experimental Flight Tost Program

To Synchewize STOL Syatema Configurations to Satialy Misgion Performanc

0 Spectfy Desircd Flight Paths and Corresponding States

To Detine Cawdidate STOL Subsyastem, and Components

! Te Define the Total Alr Transportn J fonal Envirooment
e et
’ To Foreécast STOL Traffic Demand by Geographic Arean

compile and Analvze ‘ALl Backgroumd Marcrial Nelevant to STOL Transportation System

ssfon Performance Goaln

Famtions ~3

! Strong Interact
Saad

E Moderate Interaction

Fig, 2. Example of gelf-interaction matrix.
p

an assessment of scope; )) some partitioning of the problem into relevant
a determination of the societal sectors involved; elements; :

an identification of the actors to be involved in the some isolation of the subjective
problem-solving situation: problem i

an identilication of need; description of interactions among relevant elem

an identification of alterables (those ¢lements in the of the problem :

system that are subject to change); It is particularly important dusing the problem definition

an identification of major constraints; step to congeal the ideas of the planning-group members.
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A clear picture of the interactions between societal sectors
and needs, between needs and systems alterables, between
and and
needs s desired. In addition, the self-interactions among

alterables and constraints, between constraints

socictal sectors, needs, system alterables, and constraints
should be clear. The tool suggested for presenting these
mteractions is an array of interaction matrices of two types.

The first type is the self-interaction matrix [ 2] illustrated
in Fig. 2077 his example illustrates two levels of dependeney
presented by the interactions of the ebjectives defined for a
icchnical development program that could lead to introduc-
tion of an air-transport system based upon STO.. aircraft.
The name sellsinteraction derives from the fact that the
same set of coordinates appears along both axes of the
matrix

The second type is the eross-iteraction matrix illustrated
in” Figs 30 The cross-intcraction matrix portrays the inter-
action' between ‘different types of elements: for example,
needs and constraintss The degree of impact of the
by uvsing different

con-
straints upon: the ‘needs can be shown
symbols at the'intersections. For exaniple, in

I Fig. 3 we see

that environmental pollution is considered to be a severe
constraint

i

in_planning the airports for shocl-haul aircralt.
but only a4 moderate constraint on the f

development Of

commercial short-haul aircrafl.
Lhe overallpelationships betweeniconstraintsy alterablese
needs, and societal sectors asithey both self interact and
i @ prablem-definition

acuyvity may be

linking them together as shown in outline

4. Such

tangiole proaucits C\i‘u‘-.ik‘(i

a4 presenlation shows five of the twelve

fromy the problemi definition
Siep ol program planning. These products are:
g determination-of the societal sectors involved
’ i wdeattlication-af necd:
an denufication of alterables:
an icntification of major constraints:
description of interactions among relevant elements of
the ;‘):-vf':fc.'?l
Ihic use of such a presentation allows the planning group
o Keep track of the various elements that are considered
during (he problem definition process. More important, it
provides a formal structure for problem definition, and. as
will be seci:, the rationale for defining objectives.

VALUE SYSTEM DESIGN LINKAGES

Value system design activity includes 1) defining objec-
tives and ordering them in a hierarchical structure: 2) re-
lating the objectives to needs, constraints, and alterabics:
and 3) defining a set of measures on the objectives by which
to determine the attainment of objectives.

To provide some precision 1o program planning, a
specific syntax -has been developed for the form of an
objective. An objective is defined as:

infinitive verb + object word or phrase + constraints.
Thus “to teach children the French language™ is an example
of an objective. To provide a structure for graphically
portraying the relationship among objectives. one constructs
an: objeetives tree. Two simple rules are employed to con-
struct this tree: 1) Each objective 1s written within a rect-
angular box to form a vertex of the tree. 2) Two boxes
containing two objectives are connected, if achievement of
one of the ebjectives contributes directly 10 achievement of
the other,

In constructing~an' objectives tree, one should not
concerned about where (o start. Instead, one will start with
any objective that is clearly contributory tow:ird the desired
changes!/As soon “as ‘one" objective is defined, one
constders lower and higher level objectives related 10 it

A lower level objective will have to be contributory
one that wassstated first. A Righer level objective will have
10 be such that ¢
one thinks of at

“one stated hrst s contributory to it U

fcast one fower level objeenive and at leas

one higher level objective, he is on hiSswsiy 10 constrii

an objectives tree. When one is throughy he will probab

have a structure like that shown in EIg™5. from which thi

ree” derives. It may turn out that there is more tha

4

one tree;'since 1t 15 not always true that all the obje

one would s¢ek to satisty could be shown on ont

Usually though, il there are separute trees. one can find

1
i

which al

| SV

't level objective 10 trees can be ited,
crealing a single (though perhaps rather leafy) tree
A different

I3

ODjecHIves

vay of portraying the information coniaine

mn an tree i1s by way of a corresponaing scii-

6 contains all o

interaction matnix as shown in Fig. 6. Fig
the information required to draw the objectives tree shown
in Fig. 5 so long as we know that low-numbered objectives

correspond to high-level objectives and vice versa. The sell
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Objectives

Objectives self-interaction matrix corresponding to objectives

g 6,
tree shown in Fig. S

interaction matnix method of portrayal is not as clear as the
objectives tree for viewing the relationships among objec-
tives, but it incorporates significant advantages in relating
objectives to constraints, alterables, and needs. The method
suggested for portraying these relationships is the use of
Cross-interdaction matrices as depicted in Fig. 7. This figure
relates objectives to needs; to alterables, which can be
modified to bring about attainment of the objectives: and
to constraints, within which the objeetives must be attained.
in one concise figure, a complete outline of a rationale to
Support the objectives and a great deal of information
needed to plan a program for attaining them appears.

A particular advantage of the method shown in Fig. 7
isahe ease with which the intcraction of the objectives can
¢ traced through the needs back to the societal sectors
with which the objectives interact! If the interactions are
categorized as either significant or insignificant (i.e., binary),

en a simple Boolean multiplication of the objectives

:ds inleraction matrix- with the needs x societal sectors

nteraction matrix will result in an objectives
eClors interaction matrix

societal
Fhe Booleammultiplication offcross-interaction matrices
van beextended 1o the mathematical generation of some of
the matnces shownan Fig. 7 For exampleafthefourcross-

raction matrices that lie closest to the self- nteraction
rices were hited in by hand, the three remaining cross-

raction matrices shown in Fig. 7 could be

gencrated
vhematically. Such a formal procedure has considerable
Without it; one tends, torend up withiva set of eross-
nicraction matrices which-are not mutually consistent and

5 not

neru

always caSy to spot the mconsistencies. Checking
logic is especially useful when the matrices form a loop

s will be discussed later in relation to an example
The need for defining a set of mcasures on the objectives
which to determine their altainment 1s an important
oncern in program plinning. Too often, people define
objectives without thought as to how they will measure
their accomplishment. -Upon cxamination of the objectives
tree, onc usually finds that some of the
axioiogical (rooted

objectives are

in value judgments), while others are

NOVEMBIR 1972

The axiological objectives usually lie at the top of the

EFE TRANSACTHIONS ON SYSTTMS, MAN, AND CYBERNITICS,

not
objectives tree. An example of such an objective is: “to
improve the public schools.” The word “improve” makes

this objective axiological in nature, since whether this
objective is attained or not is 4 matter of subjective opraon

or vd {¢] Ie A nopaxiol yaical DJCCLIVC

J
Mozart

from a Beethoven composition." The achievement of this

i 15 one hke
“to teach children to distinguish a composition
objective is determinable, and not a matter of opinion as to
whether the children can or cannot make the distinction.
The axiological objectives serve an inspirational purpose,
but the nonaxiological objectives are more useful in plan-
ning because they arc more readily converted into planned
activities,

One may examine the objectives tree to see which objec-
Lives are measurable, and how they may be measured. For
the musical objective mentioned above, the measure is the
agreement between child’s answer and the correct
answer. The determination as to whether the public schools
have been improved is vastly more difficult to make, and
such an objective is virtually immeasurable within any
reasonable cost. However, the attainment of lower level
objectives that are contributory to that one may suggest
that progress is being made. ,

For example, it should be possible to measure the attain-
ment of an objective such as, ““To improve the method of
teaching reading to sixth graders to the extent that at least
70 percent of the students exceed the fiftieth percentile
performance ona standardized sixth-grade reading achieve-

the

ment test.”” The corresponding objective measure could be
“Percent of sixth-grade students, whose performance ex-
cceds the fiftieth percentile performance on a standardized
sixth-grade reading achievement test.”

The total process of measurement involves more than Just
the sclection of the measure or unit by which the attainment
of objectives will be assessed. Often, as in the above example,
a threshold for judging acceptable performance can be
defined and built into the objective and objective measure
The balance of the process of measurement includes plan-
ning for how the data required for evaluation are to be
sensed and how they are to be analyzed to generale an
indication on the selected measurement scale. In the above
cxample, planning for the sensing function would involve
sclection of the achievement test. planningiwhen, to which

students, and under what conditions the test would be

administered and planning for how the resulting tests would

be interfaced with the test-scoring activity. Planning the
indicator function would involve selection of procedures for
analyzing the test scores and reducing them to standard
achievement scores in a timely and efficient manner

Thus the planning of objectives and objectives measures
is tightly interwoven with the process of determining how
the measures are to be obtained, t.e., how the data are to
be sensed, and how
ment 1s to be attained

the indication on the scale of measure-

The measures of objectives may be convenicntly related
to the objectives through the use of a cross-interaction
matnix as indicated in Fig. 8. Measures 1 and 2 rclate to the

attainment of objective 6; measure 3 1o the attainment of
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Activitics Me

tives Measures

lObjc-

Bicctive 55 measures 4, 5 land 6 to objective 4; measures
and 8 to ebjective 3; anchme fsire 9 to objective 2. In'the
Stmiplel no measure relats 1y objective I, the assumption
giny that the highest level ~/’;ccu\'e, in this case, is not

scctiy rcasurable.

SYSTiM SyNTif SIS LINKAGES

s matrix, Fig. 1, shyws that following

o and value system Jesign.comes. the system
step. System syntho$s activities are directed at
£ the following quedions. What are the alternative
es for attaining Zich objective? How vis veach
ative approach dysers 2d?<The answers are usually-in
lan.for

a series Obrtuvities which form

12 steps must be
N wvisibility. If The relationship between the planned
2)y The interaction
¢ phi faed activities and thie program constraints.
required-for relating the'pro-

Sfavities to the attainment of objectives.

wbies aad-tl o 1 objectives

;'r*’;!’" i
noe . measuig nenl 5}\'\.‘&'
» on the
\gain,

whiy faced witli a linkage problem, the self- and

cracyon matricest are used as illustrated in Fig. 9.
Bic activitics » objectivis cross-inleraction matrix i1s used
J= praposed Ldclivities to specilic objectives.
« Intcracuors of the constraints with the
by the

natrix. Lhus (ae first two of the major linkages

¢ llustrated activities x constraints

« SYSGEMS, MAN,

Ob fectives

Objectives

|
|
|
!
|
I
|

ObjectiViis Measures

listed in the preceding can be given visibility through
cross-interaction matrices

INext, the meastirement of progress on activities is related
10 progress on atfainment of the program objectives. De-
velopment of a set of objectives meastires was discussed
previously. An analogous proceduresis followed in measur-
ing the accomplishment of activities, One or more measares
ol accomplishment are defined for each activity and related
to it through the activities x actiyities measures interaction
matrix shown in Fig. 9. Often, the activitics measures are
of the form “Percent completion® of - =™ where the three
dols represent one of [the ‘products of the activity under
consideration.

A question which-management/is likely 1o ask is “How
can you relate the attainment of objectives totlie accom-

plishment of activities?” One method is to examine the

I‘;_‘Ll’.:\'?',.h!llp DI WL activities measures and ODjCClives

measures. The objectives measures x activities measures
eross-interaction” matrix can be generated mathematically
by Boolean muifiplying the objectives measures

tIves;

X \‘h‘ii\'"

objectives—x activities, and activities x activities
measures interaction matrices. The resulting matrin must
then be carefully examined (o ensure that measures of
accomplishment of the activities do relate to the objectives
measures. I such is not the case, a reexamination of all

measures and of the activities x objectives interaction
matrix must be made. Either the matrix must be changed
or the measures redefined so the activities measures relate

to the attainment of objectives,
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F'o this point. a series of related linkages for the problem
defition. valoe svstem design. and system synthesis steps
of program plnning has been discussed. An overall view
of & program as planned at the end of the system synthesis
step is obrained by combining Figs. 7 and 9 as in Fig. 10
Added to Fig. 10s an objectives x agencies interaction
matrix o portray which government or industrial groups
have an interest in the defined objectives and an agents X
activities interaction matrix to identify the agents responsible
for conduct ol cach activity.

One concise figure portrays the major products of initial
program planning efforts and their inter- and intrarelation-
ships. and provides a useful tool for keeping track of subse-
quent progress as action is taken to implement the activities
and attain the program objectives. Fig, |1 illustrates an
application of a chamn of binary interaction matrices. This
chain was used 1o relate a proposed program directed at
identifying technology development areas critical to STOL
aircraft to the more comprehensive problem of implement-

ing commercial STOL aircraft service as an integral part of

the U.S. national transportiation system. At the right side
of Fig. |l are sets of nceds, alterables, and constraints
associated primarily with the comprehensive problem within
which the problem of identifying needed technology de-
velopment 1s embedded. The activities and all but the two
objectives at the top of the list shown on the self-interaction
matrix in the eenter of the figure relate to the proposed
program for identifying technology developments needed
to further STOL system development. The top two objec-
uyves relite to the eomprehensive problem.

In planning this proposed program, the illustrated set of

interaction matrices was used both to develop a perspective
problem,
and 1o assure that the program would support the objectives

]

£ 1hi
04 ANC Idf

o1 the proposed program in relation to the larger

ger praoblem taking.into acceunt the needs, alters
ables, and constraints associated with implementing a
commercial STOL system.

For cxample, one of the proposed activities shown in
Fig. I s “Synthesize STOL vehicle system configuration

AEP) to

satisty mission performance goals.” This aclivity is shown

using Monte Carlo avionics evaluation program

i d-box

at ubout the center of theist of activities in Figl 11!

A g
AS indicated

by the activity x activitic
labeled **1.7

measures cross

interaclion associated

the activilty measure

with this acuvily is “percent completion of delfinition of

vehicle system configurations.™ The activity was designed
o atlain the objective “To synthesize STOL systems con-
igurations 1o satisfy mission performance goal§s’™ as’in-
dicdated by the tross interaction labeled **G™ on the activi-
Ucs X objectives cross-interaction matrix

By following

around the loop of interaction matrices at
the left side of Fig. 11, one sees that the interaction labeled
“J™in the objectives measures X aclivities measures cross-
interaction matrix relates the activity measure to the objec-
tive ercent completion of mission performance
goals definition™ which, through interaction X, is related
to the objective mentioned above. In this way, the activity

measure *

HFEE TRANSACTIONS ON SYSTEMS, MAN, AND CYRIRNETICS, NOVEMUER 1972

and its measure of accomplishment is tightly connected 1o
the attainment of a corresponding objective or objectives
and their measures of attainment.

One can also sec from Fig. Il how the proposed activilies
relate to the more comprehensive problem. For example.
thio account tne

the aforementioncd activity must take

constraint ‘‘System operating costs™ since it s directly
related to that constraint by the activitics X constraint
interaction labeled “#." In turn, through the cross inter-
actions labeled * 8™ and “A,” it is seen that onc of the
major alterables 1o consider in conducting the activity is
“aircraft performance characteristics™ and that the activity
rclates to the need for “‘commercial short-haul aircraft.”

The cross interaction labeled “F," “E.” and *“D" point
oul, as would be expected, that the nceds, alterables, and
constraints previously discussed also affect the objective
“To synthesize STOL system configuration to satisfy
mission performance goals.” The agencies responsible for
attaining objectives and the agents responsible for ac-
complishing activities are also contained in Fig. Il. For
the objective and activity discussed, these responsibilitics
are indicated by cross interactions “M™ and “L,” respec-
tively.

The system analysis and optimization steps shown in
Fig. 1 are generally concerned with reducing the number of
program alternatives through the application of a wide
variety of analysis procedures that arc highly contextual.
For that reason, they will not be discussed in this paper;
but those proccdures must be planned to produce an output
which is consistent with the input requirements of the
subsequent decision-making step.

DECISION MAKING IN PROGRAM PLANNING

During the system synthesis Stcp in program planning,
there will have been defined measures for determining the
attainment of program oh_.icclzvcs. Also, a set ‘of activities
and activities measures for guiding subsequent activities
toward the development of a complete program plan will
have been defined. The questions that arise are ““What
crite
and “What information must.be obtained in the system
analysis. and compare

ia_will be used to select projects for development?”
optimization order to
alternafive projccis?”

Four major factors concern the decisionymiaker in evaluat-
further development.
First, he must determine that the scopes of the projects

steps - in

ing alternative projects for possible

under consideration are consistent with corporate or ag
policy. ‘This determination can be made by evaluati

well the candidate projects satisfy the program objectives
which are assumed to be in consonance with corporate o
apency policy. (A program whose scope is not consiste:
with corporate or agency policy would be rejected on 1

basis of this alone.) Those projects that pass this initial
}
L)

screenming are then rated in terms of the remaining three
factors discussed below.

The second major lactor is the comparative economics ol
the alternative ;wojects. The analysis should iook at the
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IONZ-FNge project Coats, not just the development costs or
the cost required o get a system info operation. Total life-
cycle costs appear to be an APpropriate cconomic measure
since they include all system costs and put the cost analysis
for cach alternative project on an equitable basis for
CcOmparison.

The third factor, risk associated with projects, has re-
carved considerable emphasis recently, particularly by the
Department of Defense. At least two types of risks should
be considered in selecting projects. The first is the “risk
due to By this is meant the probability that a

project will not succeed because the technical requirements

nature.”

are incompatible with basic physical laws. The second risk
1s the “risk due to technology.™ This risk is the probability
that a project will be unsuccessful  because it requires
technology beyond the current state of the art even though
no laws of nature appear to be limiting. Other types of
risks would be appropriate in assessing programs with
high-social content.

The fourth major factor to be considered by the decision
maker is that of benefits which would result from the pursuit
of each zlternative project. Decision makers are faced with
the aroblem of cvaluating the worth of each project under
consideration: Worth assessmeiit [3] is a formal procedure
for assessing the worth of discrete alternatives, |t appears
to be well suited to providing a “‘benefit input.

Criterion Function

In comparing alternative projects, it is desirable to com-
bine the major evaluation factors into a single, scalar- ralued
criterion function. Such 2 function must be reasonably
general and easy 1o interpret if it is to have wide application
Theifunction suggested here is derived by multiplying two
Parts 1o yield its value. The: first part is the probability of
successtully carry out a candidate project,
calculated by multiplying one minus the risk due to nature
by one minus the risk due to technology. The second part of
the criterion function is a cost-benefit factor composed. of
the weighted sum of inverse normalized project cost and
project worth.

being able to

function_is calculated for each alternative
project. The criterion function is expressed as

The criterion

Of= B—="RY<L RNGCY® + 51
where

value of criterion funetion for ith project: for j —
" g, where g is the total number of projects
under consideration:
risx of nalure to the jth Project = ' PL, (1~ i
(K = 1,2, -.m) is the risk due to
the Ath, project characteristic of the jth
project, where m is the total number of project
characteristics for which risk due to nature is
estimated :
risk of technology to ith project =
wherer [ = (k = |.2,-

1,2

where r, M

nawure 1o

V=110 -1, ",
**,p) is the risk due to tech-

34

characienistic of the fth

Ath

project, where p ois the t(otal nuniber of

nuh;;’__', o project
project
characteristics for which risks due to technology is
estimated ;

normalized nverse life-cyele cost of ith alternative
project = (1/C;) min; C;, where C, 15 the estimated
cost of ith alternative project ;
weighting factor for normalized mverse hife-cycle
Costs;

(I — a) = weighting fuctor for worlh scores:

worth score for ith alternative project. (0 < Sl

L=1.2- ),

The criterion function combines the risk fiactors with a
weighted average of inverse normalized hife-cycle cost and
worth assessment score. The ideal configuration program
alternative combination would have zero risk due to nature,
zero risk due to technology, the least life-eyele cost of any
alternative project, and a worth score of 1.0. In this ideal
situation, the criterion function would have a value of 1.0.

If the risk due to nature or the risk due to technology for
any project characteristic is 1 (that is, the characteristic is
Jjudged to be impossible to mect). then the probability of
successfully developing the configuration under considera-
tion is zero and its criterion function has a zero value. Since
the risk due to nature and risk due to technology will each
be greater than or cqual to the maximum risk of cach
contributing risk factor, careful consideration must be
given to the estimation of cach risk factor. The computation
of risk draws attention to those factors that would poten-
tially prevent project success and helps ensure that a critical
factor is not ignored.

Weighting factors “4™ and “p — (L= a)” allow changing
the relative Importance of the costand worth factors. The
choice of values for ¢ and b will-be governed by such factors
as confidence in the cost
make “4™ small), the magnitude of the costs relative to
total resources, and the signilicance of the benefits that could
be used depending upon the sensitivity to cost. For example,

analysis (e.u.. low confidence:

max; G, — C,

(«U

; max; C; — min; C,

provides a linear werghting to cost variation between the
maximum and minimum cos projects. The'cost normaliza-
tion scheme suggested carlier provides considerable sen-
Sitivily to cost variations near the minimum cost and much
lower sensitivity and a lower weight to costs much
than the minimum cost. Numerous other ways of normaliz-

greater

ing the project cost estimates are availuble and should be

examined in
study.

The numeric value of the criterion function at the pro-
gram planning phase is normally quite small. This observa-
tion reflects the uncertainties associated with projects during
an early planning phase. In particular, technically demand-
ing projects will have low criterion values due 10 the risks
involved. The absolute value of the criterion function js

the context of the particular problem under




020
not as imporiant. howeyer, as the relative value for each
alternative project
Proicet selections are niade on the basis ol the program
scope heing consisient with corporate or agency policy,
as mentioned earlier, and the relative values of the criterion
function for each project If the criterion values are low, the
reasons for this should be considercd and action taken in
the subseguent project planning phase to investigatc the

reasons underlying the low values

FEraluatiom I'/- Risks

In the program planning phase, the evaluation of risks
inherent in pursuing various alternative projects is usually
dependent upon expert opinion and subjective judgment
rather than detailed analyses. A typical approach to risk
evaluation is 1o make a detailed breakdown of the func-
tional performance factors forecasted for each project and
to call in experts in each of the functional areas to assess
risks due to nature and technology associated with attaining
the projected performance. Care should be taken in defining
the functional performance factors to assure that they are
all of about the same level of importance and that the risks
are due to independent causes. This care is suggested since
the value of the criterion function is equally sensitive to
cach risk associated with each factor and the risk calculation
assumes independence of risks.

High-risk performance factors should be flagged so that
subsequent projeet planning calls for an early second assess-
ment of the high-risk performance factors for each of the
projects selected for further development.

Worth Assessnient

Worth assessment is a formal proeedure for assessing the
worth of discrete alternatives in the decision-making en-
viconment brief outline

assessment procedure developed by Miller, [3]

Ihe tollowing is a of a worth
A. Define worth criteria.
List eriteria for worth assessment ensuring list:

1) contains all significant criteria;

2) contains only mutually exclusive criteria;

3) contains only criteriasof major significance;

4) contains only worth independent criteria.
Develop hierarchical structure of worth.-assessment
criteria
Break down high-level worth assessment criteria into
one or more lower level eriteria which contribute to

the high-level criteria.

Develop performanee measures,

Stlect i Single physical-performance measure for each
fowest fevel ‘worth assessment criterion in the<hier-
archical structure.

. Develop worth relationships between performance
measures and lowest level worth assessment criterid
Define a scoring function to assign a unique worth

score in points to every possible value ofta physical

performance measure. A scoring function is defined,
cither explicitly or implicitly for every lowest level
worth assessment criterion.

FRANSACTIONS ON SYSTEMS, MAN, AND CYHERNETICS, MOVI MBER 1972

3%

Define an additive weighting function with constant

58
E. Develop a single overail index of worth.

trade-off weights to combine the lowest level criteria
worlh scores.

The index of worth is devoid of any risk and/or un-

certainty. It assumes that the project, activily, or perfor-*

mance consequence being evaluated will occur for certamn

and the process of assigning a worth number provides no

mechanism for reflecting pereeived trade-olls between the
worth of an outcome, conditional upon its actual
rence. and the variable risk or uncertainty surrounding its

occurrence. The index of worth appears 10 complement the

occur-

Criterion Function which has scparate risk factors built
into it.

Miller’s worth-assessment technique relates 1o program
planning in another way. The objectives measures provide
a baseline upon which to develop the worth assessment
criteria and performance measures of each alternative
project. Also, the objectives interaction matrix and other
interaction matrices that relate the objectives to constraints,
alterables, needs, and societal sectors provide considerable
visibility to the relative importance of the worth assessment
criteria. The task of weighting the worth assessment criteria
can then be done in relation to their contribution to the
related needs, constraints, etc. ¢

As part of the worth assessment procedure, the relation
of the performance measures to the needs should be ex-
amined and used to develop the scoring functions that
relate the performance measure of each lowest level per-
formance criterion to a worth score. The relation of per-
formance measures to nceds should also be considered
when developing the adjusting factors to compensate tor
the fact that performance measures may not adequately
represent the performance criteria. Worth assessment 1S
recommended as a formal approach to evaluating the
comparative worths of alternative projects. The resuluing
worth satisfy the criterion
function for a worth score for each alternative project.

scores the requirement of

SUMMARY

The systems engineering steps required to do program
planning are/noL related ©nly 1o their neighboring steps
nor are they carried out in a sequential temporal order.
Rather, they form a logical set of ‘operations that are
highly interrelated and consequently must be continuaily
reviewed with respect to each other as program pli
progresses: In planning a complex program, the lini
between “these operations tend to become buried in
complexity of the problem rather than being empias
and given visibility. The set of interaction matrices ifius:
trated in Figs. 10 and 11 provides a visible means of organiz-
ing and managing program planning activities.

Decision making will always require the subjective input

of experienced managers. Nevertheless, formal evaluation
techniques are helpful in assessing the relative merits of
alternative projects that comprise a program. The ¢nterion

function described in this paper combines the factors of
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and cost into a single, scalar-valued lunction

wartn,

comparing aiternative projects 1 a rational, objective

Ol

manner.
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The Modeling Process

G. ARTHUR MIHRAM, MEMBER, IEEE

Abstract—Considerable interest currently exists in the application
of the systems approach to the solution of societal, political, and environ-
miental problems. The essence of this systems approach is modeling, the
capability to describe Large-scale complicated interactive systems by
ssmbolic representations so that infercaces reparding the effects of
alternative system condigurations can be casily and rapidly structured.
The modeling process is itselfl becoming better understood as a direct
extension of the scientific method. Furthermore, the applicability of
statistical methodology 10 the design and analysis of experiments with
compulcrized symbolic models is leading to wider acceptance of these
representations as tools of considerably credible scientific stature. This
paper presents a taxonomy of 24 model categorics and, in a discussion
of the seientific method and the modeling process, indicates the evaluations
pertinent to the selection of @ modeling medium approprizate to particular
systemns studies. The dvnamie stochastic simulation model is shown to
he the most zencral category of symbolic models which are amenable (o
facile prganized experimieatation. The application of such models to the
understanding and solution of societal, political, psychological, medical,
judicial, environmental, social, economic, and biological problems is
mdicated and is considered imminently praclicable,

INTRODUCTION

A

W SYSTEMumay be definedias a collection ofinter-
A;_n’cpcndc:xt elements which act together in a collective
eliort to achieve some goals The elements of systenis are
the

ponents which interact with one another. positively or

requently referred 1o as entities. fundamental com-
negatively, as the system seeks its goal.

Far most systems the goal is self-evident or, at least, can

e described  precisely. Fhe maximization-of - profity-the

nuaximzayon ol productivily, and the optimization—of!

npedtormance arc typical goals of managerial, pro-

for

any systems goals are nol so evident, such as is the case

industrial, and military systems. However,

tor biological evolution or ontological development

\':mm wript recerved June 20, 1971, This work was supported by the
NSF under Girant GK-528Y
. the author s with the Moore School of Electrical Engincering,
wiversity ol Pennsylvania, Philadelphia, Pa. 19104.

Nonetheless, whether a system is organized and con-
trolled or_is self-adaptive and self-regulating, the sysrem
scientist (or operations rescarch specialist, or system en-
gineer, or mamagement scientist, or operations analyst, as
he is variously denominated) takes as axiomatic the as-
sumptions that system goals can be defined and that systems
are atomistic, eapable of being dissociated into their com-
ponent entities in such a way that their interactive behavior
mechanisms can be described.

A TAXONOMY OF MODELS

In order to describe the phenomena internal to a system
the systems scientist prepares a miodel of the system. The
search for mathematieal laws has been commonplace among
scientists literally for centuries, and the use of replicas by
architects and engineers has beew equaliy well established.
However, only relatively recently has an awareness of their
common purpose been made manifest.

Rosenblueth and Wiener{27] were apparently among the
first to, note that both the sealed replica and the math-
ematical laware examples of models. Their initial categorizix
tion-of models-prescribed two types, each viewed as an aid
to scientific enquiry: 1) material’ models-<iransformations
of original physical objects, the representation.of a complex
system by another physical system assumed to be simpler
than, yet similar to,
maodels

the oniginal system; and 2) formul
symbolic assertions in logical terms of an idealized.
relatively simple situation, the assertions representing the
structural properties of the original factual system. Thougl
no explicit statements of preferability regarding these two

model categories were forthcoming, it scems apparent that,

at the time, greater credibility and a more intricaie repre-
r

sentation would be associated with a material model if one
were feasible in a particular instance.

Two other categorization schemes are also available in
classifying models. First, a model is said to be dinamic or




ther its features or symbols do

alier perceptibly with time. This
Iy @ cross-catvegorizaton Scheme with respect

HdvVe

classiacahon
to the blucth Wicner taxonomy, so that one may

both ds namie sand siatic malterial models as well as dynamic

and
Frankhin is a quite static material model, as is a photograph

saitic formal models. To wit, a stalue ol Benjan

and a weather map: whereas, a puppet show, a cntical

dosaee test, o mobile orrery. and a planetarium show are

all dynamie material models of physical phenomena.

Psemplaey static formal models include Newton’s inverse
satere iw and the expression for the eguilibrium queue

lerigtivin & nonprecmplive MM queue.! Typical dypamic
formal models are Lanchester’s laws? and the autoregressive
LIRC SCries.

particular problem

One should that

formulations. or classes of formulations, do not necessarily

note 1 passing
fall distinctly into the same cross-calegory; e.g., 4 linear
programming model, though delinitely of the formal model
variety, may be either dynamic or static depending upon
whether or not the optimization is conducted over time
explicitly
A second cross-classification scheme for models is con-
cerned with the predictability of the model’s final state. A
maodel is said to be stochastic if it contains intrinsic prob-
abilistic or random clements which affect the outcome or
response of the model: otherwise, the modelis deterministic.
The cross-classthication of these model types with the four
already menuoned) implies a total of eight_primary model
categories. Examples of cach include those which have becn
mentioned : the statue, road maps, or scale model (material-
statte-deterministic): the weather map or biological eritical
¢ test (material static-stochastic): the model train set
tanum  Shows kﬂl‘dlCHi!l d_\iiitﬂzi\.‘ deterministic):
how or the genctic experiment with Drosophila
Ohm's=law or Newton's

dynanuésstochastc)s:

nverse sqguare law (formal-static-deterministic); the equi-
orium queue length (formal-static-stochastic); Lanches-
A ' 1

s laws (formal- dynamic-deterministic): and the autlo-

ve time series (formal-dynamic—stochastic).

EvorunoeN or Moper Typees

oximately thesametime as thedppearance of the
rization of models by Rosenblueth and Wiener,
int scientitic fields were developing: computer

L systems (or operational resecarch) methodology

ter was 1o have profound effect on models of

the materia! and formal variétics (as we shallisee), and
iend of the systems methodology has required
greater detail-dnd -more realistie

tations 1n models

develonn
k i

mereasineg-need for

s to Kendall's classification of gucues [14]. An
iS5 aosingle-server queue with Markovian arrival patiern
ntally distributed service Limes
cSICr S
carliest recognized contributions to the systems or opcrations
carch approach. (See Newman [23, pp. 2138 2159].)

laws describe the dynamics of the battlelield, one of

FPRCEN
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(1FF TRANSACTIONS ON SYSTEMS, MAN, AND € YHIRNETICS,

S i v o3 o P ¥ » a4nd -
The systems methadol nas rehed more and on

1 . D o L 1) = | N BT P
the electronic computer. For example, the anaiog ciectronic

nputer, made practicable by the development ol
Nciently accurate clectronic operational amplifier, per-

mitled one to provide a physical representaiion lor specitic

errelated  trmes

formalized expressions: thus a scl ol 1
‘dependent differential equations (such as | anchester’s laws)
could be “solved™ by tracing appropriate clecinictd propei-
ties of an ad hoc electrical network as time evolved. (See
Ragazzini et al. [ 26].) '

T 3 A P
I'hat such analogue” models were

possible was realized

even s early as a century ago soon alter pairs oi 1orn

; T e RN ERL
models, cach originally derived for a speaiic paysical

phenomenon, were noted to be of the same form: c.g., the

applicability of an inverse square law in both gravitational
and electrical field theories implied that one might well be
capable of miming a gravitational phenomenon by an
electrical device.

I'n their ground-breaking volume on operations research.
Churchman et al. [6] defined models as “‘representations
of the system under study, a representation which lends
itself to use in predicting the effect on the system’s effective-
ness of possible changes in the system™ and categorized
models into three types:
or visuallyrepresent certain aspects of a system: 2) analogue

I') iconic—those which pictorially

those which employ one set of properiies (o represent
some other set of properties which the svstem being studied

possesses: and' 3) symbolic—those which require mathemat-

ical or logical operations and which can be used to for-

mulate a solution to the problem at hand. From the discus-

sion surrounding this classification; it seems apparent that

1

the iconi¢ models are material modeis in the Rosenblucih

Wiener sense and that the class ofisymbolic models was t

be the eguivalent of the formal class of models (4

Rosenblueth-Wicner). The analogue model was to

been-arclass **between™ the other categories. which were

themselves to be distinguished primarily from the view that

iconic models were intended to be descriptive, yet symbaoiic
rodels explanatory, of the phenomenon or system under
study.
Subseguently, Sayre and Crosson [28]. searching tor a
representational mode for an acuficialiy intetligent device,
those which display

categorized motlcis a8 1) replications

a significant degree of physical similariny inall three dimen-
sions between the model and the medeleds 2) fur

fons \_\,l‘nl'\l\?:g models 1n wiich

characteristics of the modeled are reproduced 1t
itself and in which the symbols are mani
formed . discipline such as mathemuatical

simulations— the class of symbaolic models,

symbols arc nor manipulated by a well-formed discip
(such as mathematics or mathematical logic) in order e
numerical value or

arrive al a particulas al an analyii

solution or expression

3x . :

The French orthogriaphy is employed so.as 1o distinguish between
this type of physical model (wnalogue) and the unalog type of computer,
by which many analoguce models are implemented




sigrhicant poants regarding the Sayre

Crossoa Gilegonzation scheme. First, no provision is made

ion- ol ihe analogue model, though the fact

dnadog computer iplementations Were ¢ssen-
Ssubstitutions™ for other physical phenomena (which

by the same lformal mo

v S FiTBe
h.li";\'ll to be described |

have led to the dismissal of this maodel type. Sccond, the
class ol replications specifically forbade dimensional reduc-
tions, thereby excluding photographs, maps, cinemas, and
the planctarium show as replicas of modeled phenomena.

Finally. and most importantly, sSayre and Crosson dis-

uishied between two types of symbolic models. Whereas
Clhiurchman ¢z all had essentially equated their Symbolic
category of models with the formal models of Rosenblueth
and Wiener, Sayre and Crosson recognized that the pro-
grammed clecironic digital computer was making possible
the construction and implementation of algorithpiic or
operational models more general than the formal symbolic
models which required the use of well-formed mathematical
disciplines for the manipulation of the model's symbols.
Fhese more general models, typified by a logically con-
accted sequence of machine-comprehensible statements (or
algorithmic programs). no longer required the use of math-
ematical (or mathematical logical) operations for their
manipulationg but merely a coherent consistent outline of
procedures to be followed, either in manipulating or in
assigning suceessively values to the Symbols constituting
the modeli These algorithmic models were termed simula-
tions by Sayre and Crosson.

Untortunately, theterm “simulation’ had been previously
adopted by users of inalog electronic com puters to describe
their use of such devieces in miming formalized equivalent
expressions for other timie-dependent physical phenomena.

& e.g., McLeod [ 18].) Moreover, many authors tend to

[

model (¢f; Kiviat [ 15

the term simulation with any computerized dynamic
| and Gordon [13]).
difficulties become further confounded

Thersemuntic

wheng “stmulations’™ (a

€r onc attemplts to substitute for

a Sayre Crosson) cither the term “algornithmic models®

T I8 SUERESted by Sisson [30], the denominator “pro-
~edural models.™ Each of these terms carrics a conitotation,
tLicast so among eomputer scientists, Which would permit
ne 1o Such as

Some

melude certain algorithmic  procedures,

ni

daeridal Wtepration techniques, as  simulations.
i ¢, inthose cases where the variable of integration

such: aumerically analytic mtegration tech-
Aiquesandeced constitute a dynaniic mimicry of the phenom-
non deseribed by the formalized differential equation,
\edin, the semantic difliculties of ther termsimulation™
ecome apparent “Simulition” simply has come to méin
ilferent things 10 different people!

However, the essential distinction made by Sayre and
rosson aceds 1o be emphasized. There does exist a class
FSYmbolic

models whose component symbols are not

Atirely manipulated by the operations of well-formed

fes such as mathemtics, mathematical logic, or

tumerical analysis. A few examples should suffice to illus-

(24
trate the distinction which the author prefers to make by
referring to the Sayre Crosson “simulation® calegory as
the class of siandar muodels

of the

} 3 i atres Latny
One oldest simular models 1s the static deter-

for a cake (or other culinary delicacy): th

nunistic model :

, 1 s v ] ! i S b el
nousewie's recipe, an algorithmic mode! for the finished

product, a model which certainly requires no mathematical
operations. Another such simular modef, though of the
stochastic static variety, is a nonadaptive memoryless chess-
playing program, which decides randomly among alterna-
tive, equally highly considered, moves. More interesting
among simular models arc the dynamic varicties such as
the algorithm for determining the critical path in an acyclic
connected graph (deterministic simulation) or the digital
computer program describing the passenger-by-passenger
activities of a bank of elevators subject to random demands

(stochastic simulation).

A PROPOSED UNIFIED CATEGORIZATION oF Mobnris

In summary, one is able to unify the previous efforts to
classify follows.
schemes are the dynamic-static and the
stochastic, as defined in the preceding section. In addition.
the third categorization criterion (that of Rosenblueth and
Wiener) will also be retained, although their formal models
will be henceforth referred to as symbolic models,

By reference to Table I, one sees that the following
refinement of the material class of
1) replicas—spatial transformations of original
objects in which the dimensionality of the modeled is re-
tained in the replica: 2) quasi-replicas—physical models in

models as Basic cross-categorization

deterministic-

models is proposed:
physical

which one or more of the dimensions of the:modeled object
1S missing; and 3) analogues physical models which bear

no direct resemblance 1o the modeled phenomicna, yet

whose essential propertics may be placed in a one-to-one
correspondence with perlinent properties of the modeled.
At the extreme position of precision, then, among the
material models are the replicas. for they incorporate the
same materials (though perhaps dimensionally scaled or
reduced) as does the original physical object. For example,
a scale model of a riverine-estuarine system may not be
scaled in depth commensurately ‘with the
i the system's width und length, yet' the presence of
three-dimensions ensures that such a model be a rephica
precise model, then, is the duplicate. such as

he most

presumably arises in manufacturing processes and in
biological (identical) twinning.

Less precise among the material models are the quasi-
replicas in which one or more dimensions of the modeled
have ‘been
photographs, road maps.
CRT displays of the performance of an endurance or flight

test, and weather

ciiminated. Characteristic quast-replicas  are

planctarium shows, cinemas,

maps
still useful)

replace the

Considerably less realistic (thougt quite

among the material models are those which
matertal representation or behavior of one physical object

or system with that of another: the analogue model. In this




regard, the aforementioned bronze statue of Benjamin

Franklin becomes an analogue model (of the deterministic

static variety), since Dr. Franklin was of flesh and bone,

rather than copper and tin. Othier analogue models include:
the analog electronic computer “solution™ for a ume-

differential  equation  {deterniinistic  dynamic

use of a hybrid computer with shift-

dependent
analogue type)s the

regisier random numbers S0 as to mumne 4 stochastic time-

dependent differential cguation (see Korn [I7] for details
regdrding this type of stochastic dynamic analogue modcel);
and the throw.of a single die with a black ace as a substitute

« revolver ina game of Russian roulette (a stochastic

model)

anaiogue

urther removed from the physical objects, phenomena,
vhich One¢ seeks the symbolie

I‘_';'!l L hCl

rliteral) models. TARTRE THE e 01 BIACK | 1|, the most gen-
ral among symbolic models is the metaphorical or descrip-

tise-model. Such models, being expressed in terms.of one.of

are the among

un's natural fanguages, most ““patural”

are subjected to

he

tnipulation and

rufes of

symbaolic models, but

transformation "enlyyby “means  of pted

mar include: a ‘twen-

Exemplary-déscriptive. models

text” on  Darwimnian. ¢evalu dynanuc
ve model of life on the planet Earth);

Imerica (i deter-

Hon of the United States of
mmistic descriptice model for social and political «
tlon, the symbolic model’s being of the

dynamic variety

due 1o melusionvol- an-amending —process); the, Ten
Commuandnments of Meosés (a statie deterministic deseriptive
muodel)? and'a weather report (af staniestochastic descriptive

I'he use of natural language as a means of modeling 1s

ian’s most elaborate (and pernaps n st realnsuc)

conveying a meaninglul symbolic (nonmaterial)

method of
presentiation of a system or phenomenon. The deseriptive
15 a verbal (written) ¢xplanation of a process and is

only to the rules of grammar applicable to the

natural Jas

guage in which it is expressed

LT
VIMBIR ¥ ia

|
|

Increasing
Generality

lanchester'n

Somewhat more precise, though perhaps. providing less

reality in its representation, is the class of symbolic models

defined, in the Sayre-Crosson sense, as simulations.

Exemplary simular models have been discussed previously

and are also provided for facile reference in Table 1. These

simular models may include grammatical structures (1indeed,
constder

the typical simulation program written in an ad

ioe simulation programming language), but may also in-

‘
corporate. mathematical expressions and formulas. s

one might speculate that the consutution for a ri

such as thatintended for the United States 1s quite near
simular type of model for sociil structure since most of
statements are clearly delincated procedures or constraints

Finally, there remains ughly considered class ol

formalized models or formalizations: symbolic models thal.

in the Sayre-Crosson sense, consist of symbols

manipula entirely by the operations of

disgipline _such_as  the integral

mathematical

nerical analysis, or mathematical logic

{
algecora, nt

plary formalizations are.also found cross-Calegorized in

Table |

CHOICES, A} VMPLEMENTATIONS OF MODELS

A perusal of Table 1 reveals that, as gune moves from it

to fight in the: table, an increase in abstraetion and & ¢o

comitant deyad {from rcality s cncoauntercd

replica 18 a dimensionally reduced material
| X

thercfore~less representative of the or

10 . - >y s 1>t 1 \ T 4 vl
than is a, proper replication or duplicat

model provides a greater departure [ron reality
y i

represents a change of medipn from the mode

< = 1 i1he =y I oy 17 ¥ |
model. All the symbolic models require a simila

COATIEC ¢

£e - - } ey - g
HICTOSL 0 UK

nedium from the physical phenonienon of
writien expression or model: many persons, especially thos
who have had significant training and cxperience 1n the us
of analog computational devices, would feel that, of

two types of changes in modeling media, the analogwe

representation constitutes the less drastic alteration.
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c.g.. Puhem (2 p 70 1) On the other hiand, many compelent

willers and  matnematcuns . nught argue natural

language is Lhe primary mechanism for conveying informa-

nan, understandmg, and cullure among humin DCIngs, so

that symbohc representations of vsiems and (.“‘,‘\_11

phenomena would i their mimnds be more realistic than the

physical isomorphism (between
model and modeied), which necessarily accompanies the
analogue model,

As onc moves [rom top to bottom among the entries in
Table I, a transiion o greater generatily oceurs, Clearly
the dynarmic model, whose attributes alter with time, is a
cach case

gencrahization of the static variety, and, in

determiinistic representations are muciy \pc‘:;;r_.’
i

stochastic models

Consequently, in discussing the modeling process, one
could well restrict his attention, without an attendant loss
of generality, to the classes of dynamic stochastic models.
The choice among the remaining categories becomes then
an exemplary excrcise in cost-effectiveness analysis. In
general, the analyst faces a cost or lime constraint within
which inferences from the completed and validated model
must be made. Accuracy requirenents become additional
constraints, often thereby eliminating from consideration
nany material models (which, though precise, are often
inaccurale representations).

If the dynamic stochastic model is to be computerized,
careful consideration should be given to the choice among
the alternatives of analog, hybrid, or digital implementa-
tions. The temptation to employ the analog compuier as
an ad foc analogue model is frequently overcome whenever
thedinevitable considerations of scaling and accuracy arise,
and whenever one projects the time and costs of the recon-
struction of physical eircuitry during subsequent model
veriicauon, validation, and experimentation. On the other
hand, many models eapable of implemcuiation on the
electronic analogeomputer may be satisfactorily repre-
sented by mathematical formalizations which are solved
by techniques of numerical analysis. on digital computers.
tndeed, a number of “digital-analog computer simulation
anguages™ (see Brennan and Lincbarger [4]) now exist to
ciitale suchytransitionsto digitalymachines; Frequently;
the attendant decrease-in concern regarding | sealing, . ac-
curacy, stability. and model maintenance favors the transi-

uon, .l“.]i)u‘?'fi the projected costs of devel ping the sofi-
ware program required by the digital implementation must
be borae in mind

Mast symbolic modcls, unless of the descriptive variety,
are capable of implementation on the digital computer; the
machine designed indeed for symbol manipulation. Presum-
02 then, thal the system' scicntist wishes to represeat a
elven system by a means other than by writing a treatise
tor othier descriptive model) depicting it, he is currently in

Sion to choose between the more abstract (and prob-

40y dess realisuc) formalized formulation and the less

“ostract (und perhaps more realistie) simular variety of

model. In conjunction with the earlier comments regarding

i¢ two cross-categorization schemes, it would appear that

cases ol
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sintdar vartely: fre-

maclel of thi

{ T7 by nn ) » hrel
GURERITY provides just e appropriale balk

the dynamic stochustic
¢ Of reali ML, N
of experimentation, cost of model maintenance, accurdcy,
and stability that one. séek s

Indeed, the dynamic stochasuc simular model 15 one ol
the most general modeling forms, since dyvnamic maodels
mclude static representations as special cases, since sto-
chastic models are generalizations of deterninistic minicries
and since simular models may include mathematical ex-
pressions of which the formalization is comprised exclu-
sively. A number of wd /ioc simulation programming

languages have been recently developed (see. e.g.. Tocher
[32], Pritsker and Kiviat [25], Schriber [29]. Kiviat et al
[ 16], and Dowling [3], and Blunden

Krasnow [2]), and the appearance of several texts on
Evans ¢t al. [10].
Naylor er al. [22])

Braddock and
simulation methodology (see, e.g..

Martin [19]. Mize and Cox [21], and
attests to llm'nrncl‘msi:ag recognition of the versatility of the
dynamic stochastic simular model. In view of the ip-
parently increasing unlikelihood of the exisience and
applicability of
logical, environmental, economic, and biological problems

scientific laws™ to social, political, psycho-

and phenomena, the less formal simular variety of model
will, in all probability, increase in both popularity and
stature.

STAGES IN A MODEL'S DEVELOPMENT

Of course, the intclligent selection of an appropriate
model category and its method of implementation properly
requires some a priori knowledge regarding the nature of
the system to be modeled; and, since the actual construc-
tion of a ‘model implies a prerequisite knowledge of the
system, the decision regarding model type and implementa-
tion may frequently be deferred until adequate information
regarding the system is availables

This deferment. is.usually Quite practical in view of the
fact that, regardless of the model type to be employed. the
modeling process itself has been studied and dissected into
ifs compenent: parts. «Contemporary operational philos-
ophers such as Black [1] and Churchman [7] and manage-
ment scientists such as Forrester [12] and Kiviat [15] have
proyided [better’ and betien descriptions: of the modeling
This orderly

models 15 essentially cquivalent, as we

progess procedure for the construction of
shall see, to the

scientific method and is conducted in fiye per

which

ient 4£eS,
are as follows.

I) Systems Aunalysis: This is the initial'stage of a model's
development. during which the salient components. inter-
actions, rélauonships, and dynamic behavior mechani
ol & systemuare 1solated

2) Systent Synthesis: This deseribes that stage of a model’s
development during which the model of the systemi’s be-
havior is organized in accordadce with the findings of the
preceding Systems Analysis stage.

3) Verification: The third stage of a4 model’s development
is that in which the model's responses are compared with
anticipated if indeed the model’s
structure was prepared as intended.

those which would be




VIS LAt stage of a model’s devel

Fespanses. emanaung trom the verilic

del are compared with corresponding observations ol

micasurements frony, the actual system in order

blish the verisimilitude of the model and the modeled
) Inference:

concerned with the dehiniti

Phe final stage of a model’s development

On of experim y Wilh, and com

parisons of responses Irom, the verified and validated mode

Prior to the actual commencement of the modeling ac-

uvity, however, the systems analyst must ascertain the goals

of his cifort. He must question the need for the

odel of himself what analyses he would

i indeed the model were at this time available for

[y 'L}
rform
riorm

conduct

nentation, Since the analyst will wish to
eventually such experimentation with a credible model, he
will need to be concerned at the outset with the

validation' tests that he will be able to perform with the

finished model: again, imagining himself in the context of

actually possessing the completed model, the analyst should
enquire both of the availability of the actual system for
experimentation and of the likely comparisons (with the
system) to which his model should be subjected.

This preliminary (or zeroth) stage of the model’s dey elop-
ment addresses the question, then, of appropriate measures
@/ system pegfermance. Consequently; the system's goal
should be defined and understood quite early in the model-
ing effort. OF pertinence in this regard is the ability of the
system scienlist 1o project himself accurately as the system'’s
“director™ since in this capacity he will with greater facility
understand the system, its goal, and the mechanism by
which the system's éomponents contribute to the achicve-

1ient Of the goal.

Of course, such a projection is not without its drawbacks,
or the system scientist must often protect himself from the
|
¢

it natural impulse to incorporate his own mora

judgments in the model, thereby jeopardi ing the

objeotiyit

requircd-an’ providing’ an adequate accurate

10del ol 1Or a more

the: system. (See Churchman [7]
> discussion of the matter.,)
‘resuming then, that the system’s goal and its

es are well understood by the analyst,

icling  process _may._properls Fhe—iniual

cCommence
(Systems” Analysis) stage is concetned with (uisually

wbstracky-breakdowny or analysis, of the
mponent entilies. Immediately, the analyst is

deaision regarding whether isolated

8§ B |

d5pecCts

I nerlv "t 3 . d > rinct 18 . it ’
POPLCTLY HITINsSIC; or extrinsic, to the SYSICI S

(We shall presume, without further ado, that the system
under study evolves with time and that 1S model shall

consequently betof the dynamicivaricty. )
fiemst deemed (o [he outside the systemt's intrinsic meche
SIS are said 1o reside in the system's environment. A

primary clement of the System Analysis stage of a model’s
leveiopment, is the sorting of possible contributors

the s behavior. The sorting is accomplished by

types of

. { ] . the
ver aflected  signilicantly by any of the

aits (entities) mntrinsic to the system. Alternatively, any

clement which, though allecled significantly by clements
wre dehimitely intrinsic to the system, yet does not i
affect internal system clements 15 also included in the
Forrester [12]

t would apparently refer

avironment

sorting process as the “'search for ihe feedback

[systemic]

structures that might produce the observed
behavior.™

Thus primary goals of the Systems Analysis stage include:
a dclincation of those entities which interact with one
anather (often via decision loops or feedback processes) as
the system strives to attain its goal: and the demarcation

and dehnition of the system boundary, that conceptuai

artifice . which separates the systemic entities from the
chvironment.

As these goals are being accomplished, the systems analyst
should be simultancously occupied with the task of deter-
mining the necessary descriptors or attributes of the essential
clements of the system. In this manner the state variables
necessary to the description of the system's status at any
point in time are tabulated. In this endeavor. the analyst
will need to ascertain the mechanisms by which state vari-
ables change; tiis is accomplished by noting the conditions
under which instantancous events occur in the system, such
as an increase in the number of waiting customers or the
departure ofia yehicle from a traflic node

An event is thus characterized by an instantaneous change
In one or more state variables. In many systems no dis-
cernable instantancous events will be observed. such as is
often the case for certain flow phenomena. If at the con-
¢clusion of the Systems Analysis stage, no such events have
been isolated, thén the attempt to construct an event graph
(see Evans eral. [10] and Mihram [20]) will reveal that the
model should be of the continuocds type and. therefore.
frequently capable of implementation on an analog com-
puter (or, perhaps, as a formalized model implemented on
a digital computer); otherwise. a discrete-type formulatic
ideally suited to digital computer implementation, will
likely be in order.

! as the systemssanalyst conscientiously delves
into the behavioral aspects andelements of a System. he

that

their own behavioral cHaracteristies. Reiterated application

finds clements—themselves become subsystems with

Ol conscientious mvestigation ol the SUDSYStEm structures

will likely lead 1o a great deal of incertitude regarding the

cm's clements and therr interactive behavior. This un

SVStem
*YS i

certainty being the

arises for several reasons, primary

Recessary  constraint ol the costs of extensive sysiems

analysis: efforts and the fundamental limitations of the
human observer. The resulting phenomenon. which the
Vodvling.

provides an explanation of the frequent need for stochastic

author refers to as the Uncertaint Principle of

reprcsentations in - meaningful models: “‘refinement in
modeling eventuates a requirement for stochasticity.”™ Con-
sequently, the more conscientiously developed model will

more likely be of the stochastic category




ssolation ol requirements for the

Blociastic clements of a system representation, the analyst
Wil need to note elements of data that will be necessary Lo

12 of an adequate mode). Da

e structurig requirements

and the costs of data collection become important aspects
@l the system analysts elforls to ascertain the relative cost-

glicciiveness ol alternaunve formats tor modelin C Sysiem

Systems. Analysis sta

gnder consideration. During the
Bhen, a clear

Sequent muadcling elfort should be formulated.

notion of the data requirements of

the sub-
stage of a model’s development terminates
With the dehincation of the ) system boundary, 2) system
wvironment, 3) system entities, 4) entity attributes or system
(e variables, 5) the intrinsic feedback mechanisms or
gciivities ol the system, and 6) the events (il any) inherent
In the sysiem’s behavioral Structure. In addition. the need
for stochastic events or representations in the model will
e been revealed during the Systems Analysis stage.

I'he second stage (System Synthesis) of a model's develop-
ment is concerned with structuring and implementing the
model. Consequently, at the inception of this dev elopmental
stage, it s convenient to perform the cost-effectiveness
analysis with respect to the selection of a model type and its
micthod of implementation. Since we have already presumed
dhc need for a dynamic model, thesanalyst is faced with a
tecision between deterministic and stochastic models, as
Wcll as between a material or symbolic representation (in-
Guding a choice of one of their subcategories). In view of
the Uncertainty Principle of Modeling, the first decision is
Ollcn straightforward, though the incorporation of 'sto-
ghasticity for stochasticity's sake is clearly inadequate:
Whenever Stochastic representations are indecd required,
ihcy should be entered into the model in accordance with
dpproprintely applicable probability laws such as those of
Poisson processes, the central limit thecorem. and Bernoulli's
theorem, as discussed by | Feller [ 1], Parzen [24],
Mihram, [20]
B penerated
Rorn [ 17]

['he choice among the varieties of material and symbolic

and
Methody. by which' stoChastictelements may

in- computerized models are discussed by

and Chambers [5], among others.

fodels 15 then made via comparisons of respective ac-

Curacies, unplementation costs. data main-

requircments,
@ nabilitics/tand projected costs of ‘the cXperimentation
fequired in‘the subsequent three'stages of a model’s develop-
moent-Educational €osls associated with the learning of ad

Woe simulation also be

languages, | appropriate, must
Lonsidered. For a more complete discussion, the reader is
feicrred 1o Teichroew et al. [31].

Once the modei has been synthesized, it is essential that
thc soundness of ils Structure, vis-a=vis that intended in the
€m Syathesis Stage, be ascértained. This Verification
e, for Computerized models, consists of debugging and
oration tests which are designed to locate logical faults

tne model’s structure.

he completed dynamic model should. at the end of T

A umits, yield a response R(7') which may be represented
» 4 (gencrally unknown) function of the input, or environ-

b ]

0O
mental, conditions, which onc may parametenizce 4s a vector

(xpXse

- .X,). The response becomes
i

R(T) = ri(x,X35° *7.%,). (1)

| |

In the case of stochastic models, the modei’s response

becomes a random variable,
R(T) = Rplxyx5,4%,x,: §)

f,(.\’l,l‘:,"',.“,:) + e(S) (<)

where ry(x,,x;, --.x,) is a (generally unknown) response -
function, representing the expected model response at cn-
vironmental specification (x,,¢,," “,X,), and where ¢(S) is
a random variable of mean zero, essentially a transforma-
tion of the randomly selected random number seed S, as
required explicitly by most stochastic computerized models.

In the Verification of a deterministic model, it is thus
imperative that the systems analyst be aware of some
specific environmental condition, denoted by ETRR
x,*), for which the model response R(7") could be exactly
predicted if indeed the model’s structure were as intended.
One should note that verification tests are nor conducted
via comparisons of model responses with those of the actual
modeled system: rather, comparisons between observed
model responses and theoretically anticipated results are
made in as many cases as possible for which a relationship
of the form

BRYED) = R(x *x%-" i x-%)

P
is known.

For stochastic models, Verification tests require statistical
procedures. If there exists a specific environmental condi-
tion (x, *,x,*, - -« x *) for which certain statistical properties
of the random variable

RISy (%65 “XLE- e(S)

are known, then the observation of the responses from A
“independently and randomly seeded™ iterations or en-
counters of the model will correspond to the collection of a
random sample of R* values: in the standard statistical
manner the one-sample test of the hypothesis that, say, the
mean simular tesponse.-is

. . e R - - =~ ~3
FAXEA T X7 ) =g
L )
corresponds to a Verification test for the model:

One should note that a Verification test fora stochastic

computenzed

though the model be
properly structured. This is typical of scientific investiga-

model may fail, even

tions_in which both Type I and Type Il statistical errors
must be acknowledged. In a sense, Verification tests of the
stochastic model 'may be construed also as fests of the
modcl’s random number generator: therefore. separate tests
of the generator should be undertaken to avoid confounding
the Verification test aims.

The calibration tests of the Verification stage of a model’s
development serve as a check on the System Synthesis stage.
Before a model can be generally deemed credible, similar
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Fig. 1. Modeling process.

checks on the original Systems Analysis stage would be
required. The Validation stage of a model is undertaken
with this goal in mind and is accomplished by comparisons
of responses from the (now verified) model with correspond-
ing responses or measurements recorded from the actual
(modeled) system.

Experimentation is thus conducted both with the model
and with the modeled system. Whenever the modeled system
is not available for such cxperimentation, proper validation
tests will not be feasible, implying that the analyst under-
takes a greater risk in making any subsequent inferences
regarding the modeled System from comparisons of medel
[e5ponses

1
de i ing
Sresulning

that Validation tests ean be undertaken. the
s¥steas analyst fixessthe'operating conditions for the actual

vand, after 7" time units, records the resulting system
perlormance. Then, setting the corresponding environmental
conditions for the model, responses are

propriate comparable amount of time and are compared
essentially a one-to-one¢ basis with those of the actual

In this Context, the established procedures of system

appropriat

formalized stochastic

System

ienylicaion (See Sage and Melsa [34]) 4

validation. The validity of

1.4 ) = | | = g - . '
acls is alse of considerable concern currently 1o statis-

clans. (dee the comments and re adjoining the
enlightening discussion of Efron [35]

Whenever the model is deterministic, this comparison 1s
quuie straightforward. Diserepancies imply an inadequate

ampro

nducted Systems Analysis stage, frequently
o4

Modeling, In these cases, a revised Systems Analysis must be
undertaken and a return through the System: Synthesis and
verilication stages will fikely be in order before Validation
lests can be apain undertaken. (See Fig. 1.)

I the model is stochastic, model validation becomes, like

model verification, a statistical procedure. However, since

this case two random samples (one of model responses,

failure to have heeded the Uncertainty Principle of

NOVEMEE R T
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IHEE TRANSACTIONS ON SYST 1IAN, B Y NEHICS,

METHODOLOGHS Yor MODEL ANALYSIS

the other of systcm observations) will need to be compared,
typical validation tests become two-sample tests for equality
of means or, say, homogeneity of variance. (See Mihram
[36])

Again, the failure of any statistical validation test implies
the need to return to the initial stage of a model’s develop-
ment, Any failures of subsequent Verification tests require
returns to the second or system Synthesis Stage for rectifica-
tion of the model structure. Such cycling through the
stages of a model's development is quite typical (though it
is preferably held to a minimum), and it is quite common to
most scientific enquiry. In a sense, the five developmental
stages are essentially modeling *‘thresholds,™ although the
attainment of any higher level threshold does not imply the
impossibility of a return to a lower level subsequently.

In the final stage (inference or model analysis) of a model's
development, experiments are conducted with the verified
validated medel solely. There are three general categories

modeling goals or aims can be

into which most analytical
placed: 1) the determination of the dynamic behavior of the
model during a stipulated period 7" of time; 2) the deter-
mination of the relative (or marginal) efiects of unit changes
152 55m)

on: the model's expected response-at the end of a specified

in each of the environmental conditions'(x,;, i =

period 7 of time; and 3) the determination of the particular

environmental specification (x,.x,", - -,x,’) at which the
model’s expected respofise (R(T) of (1) or rp{x; x5 <*,x,)
of (2)) is optimized.

The methodologies for-achieving these modeling goals
the model is det€rnnistic or sto

stic; typical methods are tabulated . Tuble II. For
many of the statistical procedures, the reader is referred to
Cochran and Cox [8] or Mihram [20].

nd upon whether

SUMMARY

This paper presents a taxonomy of models discussed

the context of scientific enquiry. Twenty-four cross-cate-

gorized model types are defined, and cxamples of each are
given. One might note that hybrid combination of the types
are possible; e.g., contemporary operational gaming con-

sists of a computerized simular model, a set of playing rules

(descriptive), and human participants (physical replicas).

The choice among model types for particular applica-




nted as g cost-ellectiveness study i 1s own
(

I ade as 1o Lhe crite

wslions e

iecessary to the selection of an appropriate
ind, if applicable, to the choice of a

implementation alternative

modeling process s {

method, and an orgamzed procedure

essential modeling Stages is presented as guidarnce to syster
analysts, management scientists, operations research S|

ists, and systems engincers. In this context. the evaluation

of alternative modeling media is discussed, leading to the

conclusion that the dynamic stochastic simulation model is
the most general category of symbolic niodels that permits
facile structured experimentation. The application of such
models to the understanding and solution of societal,
political, psychological, judicial, environmental, social,

economic, and biological problems is certainly imminent.
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Solar cell power, converted to microwave
power, is beamed to earth and reconverted

William C. Brown

The rapidly increasing demand for electric energy!:2
coupled with the inability of conventional means of
electric power generation to keep up with that de-
makes urgent the need for new prime energy
In addi-

mand
sources for future electric power generation
tion to nuclear luels, there are many potential sources
of energy that are not now being used in appreciable
amounts: wind and tidal energy, geothermal energy,
temperature differences in the ocean, and solar ener-
gy. This article will be concerned with solarenergy.,

For each possible energy source, ineluding nuclear
fission and fusion, there is some factor that limits the
degree of optimism. Either the source is toe small to
qualily as a major energy source, hard-to-assess pollu-
ton and ecological hazards are unavoidable, the tech-
or there
15 an cconomy barrier. Solar energy falls into the last

nology«nas nol yet-been reduced to practice,

calegory.

The amount of solar énérgy intercepted by the
earth is at least 10000 times the projected consumption
of electric energy in the year 2000, Because the sun's
energy. has such a low deansity at the earth’s surlace,
any earth-bound power generation seheme based on
the sun as energy source would require pelatively large
areas devoted to devices that either convert the sun’s
energy directly into electricity or function as boilers
lor a system cmploying turbogenerators, Moreover,
the day night eycle, atmospheric attenuation, c¢loud
coverage, and other factors reduce the amount of
solar energy Talling on a sggiven 'location to 4 small
fraction: of that falling on'the same area in space. In
December, for example, the sanniest locations in the
United States, located in the Southwest and in Flori-
da, receive only 11 percent of the energy that a simi-
lar area in space would receive® In New York and
Seattle, by contrast, the percentages would bhe 4.5
and 2.2 respectively. The impractical result of these
poor duty cycles is an excessive investment in solar
energy devices? to capture 4 given amount of energy.
And an equally excessive investment in storage facili-
ties must be made if the captured energy is to be

Raytheon Company

used as a reliable hase-load source of electric power.

To evercome the problems resulting from this pour
duty eycle, Dr. Peter Glaser of Arthur D. Little, Inc..
proposed, in 1968, that we,put large arrays of solar
photovoltaic cells into space in near-equatorial syn-
chronous orbit where the sun would shine upon them
nearly 100 percent of the time.® The d¢ power ob-
tained from the photovoltaic arrays would then be
converted into microwave power, beamed o the sur-
face of the earth, and there converted back into dé
power.
would be synchronous with that of the earth, the mi-
crowave

Because the rotation of the solar satellite
link would be fixed and operative at all
times. This concept has become known as the Satel-
lite'Solar Power Station (SSPS).

Dr. Glaser’s proposal was received with consider-
able interest because of the concept's inherently low
thermal pollution; because of the absence of any form
of particulate, chemical, or nuclear pollution; and be-
cause of its association with a dependable, inexhaus-
tible source of energy -the'sun. This interest has led
to a series ol studies of the technology and associated
economics of the system in
depth.%7 The' latest study was performed by a four-
company team, with Dr. Glaser as its.leader. consisting

stages ol 1ncreasing

of personnel from A. D. Little/ In¢:, the Grumman

Aerospace Corp., Raytheon Co., and Textron, Inc
Alter a six-month study of all aspects of the SSPS
the team reached the conclusion that the satellite
solar  power station concept, as proposed by Dr. Glas
er, intechnically feasible. -8 The present cost projection
based upon solar cell costs denived from an auto
mated version of today's conventional silicon solar-cell
technology and upon space transportation costs as
represenied by a first-generation space shuttle- is o
high to be cost competitive with established methods of
power generation. Because of the 15 to 25 years pro-
jected time frame for the SSPS to become operational,
it is entirely possible that breakthroughs in cost will
OCCur.
A preferred way to view the SSPS system concept is
’
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that il is i pollution-free. resource-conserving approat h
1o the solution of ourenergy problem in the time frame
1990 2000 aund that it s based upon an inexhaustible
Prime energy source, our sun Although not currently
cost competitive, it is an option that should be con-
sidered carefully and kept open in the event cost bre
thratiehis oceur and unexpectedly severe problems ari:

in the dr\l-’.(‘;:zm-n( of ot her ;||),nn.|r[|ps

System conliquration and characteristics

The overall contiguration and principal characteris
fics of the SSI'S 1o be presented muke up a “hase-
Line” desum. I s not intended as a final design bul
rather to serve as a starting point for further study
and the evalution of [H||ivn\mi gosigns.

The svatem is shown on the front cover of Lhis issue,
The SSPS s |b].|('('«i imn an t‘qli;'.!ui‘,:!l, SV nronous geo
centric orbit 35800 km above the earth’s: equator so
that its position with respect to any olher
position on the earth's surface is fixed. Two large
salar photovoltaic cell arrays, always pointed toward
the sun. convert the sun's radiant energy to de power,
which is then transferred to a large, active phased
array mounted by means of two rotary joints between
the two solar arrays. The active phased arrays’ func-
tions are to convert the de power into microwave energy
at a preferred wavelength that will penetrate the
carth’s atmospherc and to focus that energy into a
narrow béam pointed toward the receiving point on
the carti's surface

The microwave beam in space is unattenuated and
arrives al the earth’'s atmosphere with the same
power level as at launch. ‘The microwave energy then
penetrates the earth’s atmosphere and reaches the
carth's surface where it is efficiently converted back
into de power by a device known as a “rectenna,”
which simultaneously absorbs and rectifies the in
COmMing MIcrowave energy.

An important charactenstic of the SSPS system is

sh duty cycleBeeatise ol the 23-degree il of
the earth’s axis with respect to the ecliptic plane, and
Lhe fact that the salellite is at a distance of 35 800 kn
(22400 pules) from the earth in eguatorial orbit, the
SSPS s continuously illuminated during the
and summer months and well into the spring ¢
months. For 22-davs before and alter the ver
autumnal equinoxes the satellite is eclipsed f
s of Trime rangzing ap lo a4 masimum of one i
L minutes. I the satellite and ground rectenna
cated a1 the same longitude, the echipse period
around midnpight, T'he average duly eycle

vear is shightly more than 39 percent

proposed electrical size ol a single SSPS is in
the range o HOO0 (o 15000 MW. To place this power
level i perspective, 104000 MW represents about 3
percent /ol the eleetric _generating capacity in the

United States today but only 0.5 percent of the pro-

jected capability 1o the year 2000. The electrical size

the system s determined primarily by the power
at which the construction cost per kilowatt of out-
it a4 mintmum. Although many parameters are
involved, the most important ones appear to he Lthe area
the transmitting antenna aperture required for
efficient transmission of power, the most efficient

siilization of this area for radiation of waste heat, and

Satelide power stations: & new source of encrgy”

the bus losses associated with the transmission of d¢
power from the solar cell array to the transmitting
antenna
Fhe chotce of lrequency lor the microwave trans-
ission of power, from a strictly technological point
of view, involves several factors: how the attepuation
el seattering of electromagnetic energy in the
earth's atmosphere behave as a function of the wave-
length of the energy; the physical size of the trans
milting antenna and receiving rectenna; and the elh
ciency of the components that interchange deoand mi
crowave energy. A study of ;Hnm«phcxu‘ attenuation
versus wavelength shows that a wavelength of 7.5 em
(4 (GHz) or longer 1s necessary to avoid excessive at-
tenuation (>1 dB) during a heavy rainstorm, the
torm ol ;ulnuxphvri« disturbance having greatest 1mn-
upon microwave propagation. Atmospheric scat
tering and attenuation effecls become much more
pronounced at millimeter and optical wavelengths
and prevent serious consideration of this part of the
spectrum for etficient power transmission.
From the viewpoint ol keeping aperture sizes small,
a short wavelength is preferred since the total area of
the two apertures is proportional to wavelength for a
given efficiency. However, substantial aperture areas
are necessary for disposal of any waste heat resulting
from any inefficiencies in energy conversion, particu-
larly in space. Energy conversion components pres-
ently have better efficiency at the longer wavelengths.

1] Dimensions ol essential physical features of lhe SSPS
fora 10 000-MW system.
Solar (’e.:l area
97 km”* total

32 km? of solar cells

Transmitting antenna
in synchronous satellite

Approximate Gaussian power
distribution of beam

- 870 W/m 2

_ Approximate Gaussian power
distribution at receiver

= Receiving aperture
»#———————— 90% of beam power

—— 7.4 km at equator




I'he net result of these considerations is that at the
present timd and from a strictly technological pomnt
of view. the best compromise appedrs to be in the rela-

&3 in the SSPS de-

tively narrow range of 7.5 to 1o em
sien, o wavelengthol 1hem has been assumed

The propused physical size of the present basc-line
design 1s shown in Fig. i for a 10000 MW system. The

solar energy collecting arrfay has an area of 97 km?;
one third of that area is made up of solar cells and
the remaining area consists ol mexpensive solar con
contrators made from thin-film materinl treated to
have a rellecting surface. The transmitting anlenna Is
I km i diameler, and the rectenna array Lo capture
&) percent of the transmitted energy i1s 7.44 Km n di-
ameter. The antenna dimensions are de rived from the
relationship between ethiciency and physical parame-

ters given in Fig. 2

|

|
imenta! data

2.4 & k= 4 mm (Degentord}|

[2] Theoretical transmission ellicianc for a microwav
beam radiasted from an aperiure with a spherical phase
front whose radius is equal to the distance D. Ay and A, are
the areas of the lransmitling and receiving apertures, Als
radiation wavelength, and D is the distance belween trans-
mitting and receiving aperiures Aperture illumination 1s
unigue for each value of efliciency bul approximates a
slightly truncated Gaussian distribution for high efficiencies
One point of experimental data is given,

[3] Projected flow of power in the SSPS system indicaling
various losses. The power flows and losses are relerenced
10 the solar cell outpul.

Solar energy mput
&70%

7O

Uhe overall elficieney ol the SSPS system s the
product of the elliciency of the salar cell array and
the microwayve poOwWer transmission syst<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>