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INTRODUCTORY NOTE

This researcn program constitute
conceptual-methodological foundations for prescriptive science, By
"prescriptive science” we refer to a mode of raticnal analysis that
would be capable of encompassing valuative as well as factual aspects
of cptimal decision. Thne rincipal problems encountered are essentially
metascientific in scope. Major issues are characterized by a level of
generality beyond the immediate concern of any specific 57 .entilie
discipline., This is due %o the fact that the research objective repre-
sents a significant extension of the very aims and methods that direct
vhe conduct of inquiry. In such an enterprise existing regimens of

formal and experimental science must certainly be incerporated; but the
broader mission of Prescriptive science immediztely demands metatheoretic
innovations that ma2y seenm

em, at first, to pose rather disconcerting departures
from the conventional format of objective scientific inquiry.

$ an attempt to formulate adequate

For this reason we have gone to unusual length in preparing the
Preface to Foundaticns of the Prescrintive Sclences, attemoting full dis-

closures of our aim arg strategy, methods ang resources, 1In the course
of recent briefings and conferences, an outline of that Preface has pro-
vided very helpful orientation for overall review of the rec-arch. At
the suggestion of the ONR Project Officer, the full text of the Preface
is precented here for ils service as a research snyopsis.

™,
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NICHOLAS M, SMITH
Head, Advanced Research Department
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Will this world, vith its variety, its un-
understood numbers, ever really ylield to an
ordered description? We [must be)] prepared
for a new and at first almost unrecognizable
. kind of explanztion. Alwzys in the past
there has been an explanation of immense
sweep and simplicity, and in it vast detail
has been comprchended. Do we have faith
that this is inevitably true of man and nature?
Do we even have confidence that we shall have
the wit to discover it? Fir some odd reason,
the answer to both questions is yes.
—J. R. Oppenheimer (1956)

PREFACE

The venerable effort of men to exlend the scope-of reason is
the theme celebra“ecd (above) by Oppenheimer {1] in his vision of a
continuing advance toward comprehensive physical description and
explanation. Bccause vital human objectives cannot always vait
upon advance by regular approaches, the same theme appecrs here in
a more expansive version even before we have seen its fulfillment
in the physical sciences.

Severel divisiuns of contemporary behavioral inquiry—the life
sciences, the soclal sciences, the communication-control sciences
(cybernetics), and the management sciences—presently tend toward
a convergence presaged by the conception of an overarching domain

ol

of adaptive systems and the completely general relev nce of

adaptive control processes. Every attempted breakthrough to a ncw




order of rational comprehension in this sector, however, seems to
grind %o a halt, confronted by obstructions——primaril& methodological
in character—at a level of generality beyond the immediate concern
of any scientific discipline and hence metascientific in scope.
Prohlems of such generality, occurring only with the freguency of
historical eras, have invariably marked critical junctures in the
development of the basic aims and methods of scientific inquiry.
They apparently represent, quite literally, the initisl costs of any
concerted movement toward more comprchensive explanation and control.
Their rise to contemporary prominence is a sure sign that the historice
thrust of rational inquirv is still persistent, still audacious; but
the difficulties now encountered are not less troublzsome For that
assurance.,
THE CENTRAL PROBLEM

How is it conceivable that a supremely valuable intellectual
motivation—the drive to extend the scope of rational comprehension—
should have a welter of methodological problems as its present issue?
Briefly, the account runs like this: The methods of analytic and
experimental scientifiec inquiry, first joined in their modern combination
by Galilean physics, provided the means to momentous successes in
describing~-explaining-predicting phenomena of the "geosphere," the
domain of inorganic systems. Persistent early attempts to extend the

use of this successful mode of investigation in the behavioral sciences,

vi
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however, foundered on what we might now reasonably term the probiem

B g,
e g

of behavioral inquiry, namecly, the modifiability of characteristic

response (literally, the adaptivity) of orgunismic systems typical of

the "biosphere" and "sociosphere." In contrast with the unexceptional

A SRR R

behavior of classical mechanical systems, organisms und=r experimental
perturbation yielded not only distributions of alternative sequences
of behavior, but transformations of these distrivutions, as in the
Tixatic 1 or extinction of habits wider conditioning. The naive
expectation that adequate descriptions and predictive theories for

behavioral science could be couched in terms of primitive (undefined)

concepts developed in deterministiec physical theories finally had to

be abandoned.,

Driven by the demand for comprehension, and usually quite in-
sensitive to methodeclogical consequences, behavioral scientists have
since made notable modifications in the basic concertiual format that
historically supported the physical sciences. Our understanding of
organizational cagpicils di. prerorel nould apparently nc’ bz advanced
without the introduction of concepts that lay outside the scope of the
analytic-objective mode of inquiry: structural concepts like organism,
individual, institution, social'class, nation, society, ecology, culture;
functional concepts like life, growth, adaptation, mutation, selection,
evolution; and modal concepts like motivation, aversion, need, norm,
utility, expected value, subjective probability, preferability,

optimalily. In broad perspective the principal innovation consists in




the injecticn of normative (valuative) aspects of organizational i
gtructure and Tunction that have had to be attributed'to the total
systems that are of ultimate interest in biology, psychology, sociclLogy,
economies, and anthropology. Ncotorious methodological difficvlties
have attended all svbsequent attempts to attain major predi:tive
theories exploiting this new conceptual format. The familiar goals

of rigorous description and experimental testing of explaﬁatory
hypotheses remain to be served in ihe behavioral sciences, where

values can ro longer be discounted, no less than in the physical
scie..ces where eradication of valuative considerations proved his-
torically to be the key to uninterrupted advance.

The difficulties of predictive behavioral sciesnce, however, pale
by compa:iscn witili methodological problems confronting the rudimentary
managenent sciences, or as they are often termed, the "decision
sciences," 1In this tenuous interd:sciplinary sector, effort is
directed toward bringing the resources and methods of rational inquiry
to beér in support of new professional advisory practices that entail
Lhie proferring of recormended declsions 71 e., "m-r~viptions” in the
widest sense) puwrposefully affecting the actions—-and inadvertently if
not knowingiy——thg strategies, policies, missions and goals of a client-
organization. The low estate of methods for predicting-explaining
behavior is everywhere admitted and deplored. Yet, in the face of
this obstruction, the attainment of warrantable methcds for the pre-

scriptive practices of management science poses an even more daemanding

viii

12



objective involving the rational control of behavior (in the sense
of deliberative decision). This is the apex of ambition.to which
contemporary”men have been brought by the ardent drive toward com-
prehensive rationality.

It would be entirely bootless to withdraw our comnitment, since
human decision making must proceed with or without the resources of
rational methods. PRut, in fact, the intention is not so radical as
to calli for retreat to a more "realistic" ambition. In eny statement
of the principal objectives of modern inquiry, it is now quite
traditional to cite the goals of (1) description-characterization,

(2) prediction-explanation und, significantly, (3) prescription-
control. Every instance of technological advance provides evidence

of the expansion of our rational capability tc.manipuiate physical
processes in the service of human ends. It is only a thoroughgoing
version of the ration~’ intent, one that explicitly admits of attempt-
ing to encompzss cognit processes as well as physical prbcesses,

ol raleocn Lae speCure 06 Uhe verboten. Sespite the historic sucrecies
of the analytic (formal) and objective (predictive) modes of rational
inquiry, there is still a question as to legitimacy of a norﬁative mode
of inquiry thot could hope to provide en adequate intelleetusl haeilsg

for rational control of practical decisions in general. As we move from
the more precise professional practicss (e.g., medicine and engineering)
toward the demands of admihistrative decision in complex organizations

(govermment, bacsiness, educalion, military), the status of professional




practice admittedly becomes that of an intuitive, artful exercise

of creative intelligence. An exercise greatly enlightened by

scientific and technological advances, but as unspecifialle in pro-

cedural cetail and as inexplicit in ultimate justification now as i
heretofore. Adequate theoretical foundations>for systematic control

of practical judgment, i.es., general theories of decision and

valuation, have yet tc be devised; and sufficient metatheoretic

directives for the construction of such thecories have yet to be

advanced,

Inacmuch as earlier scientifi: methods have been developed spe-
cifically to provide a predictive-expianatory capability, they can
be shown to be incapable in principle of providing a version of
rationsl control that would constitute a preseriptive capability.

The central problem of investigations reported iﬁ this volume
may vherefore be identified with the pervasive need for a more
general rational paradigm—sa fundamental schéma Tor the construction
I LlicOrics atwaiilng O signilicanc interpretation lu verms ol wboth
predictive and prescriptive aspects of decision, valuation, organiza-
tion and cognition. This work addresses the task of providing a co-
herent conceptual-methodological framework for the several allied
developments in mahagement science, cybernetics, systems research,
and associated sectbrs of the behavioral sciences that now seem to

L) .
entail the rise of a legitimatc normative version of inquiry.
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In this enterprisc the more familiar regimens of formal and.
objective science must necessarily be embedded, but the innovations
required will constitute such a significant departure from the

traditional format of scientific inquiry that the term "prescriptive

science," as applied to this emerging normative orientation, is mis-

T T T,

leading for any interpreter who muy restrict sciencc to the partial

gtk

cbjectives and typical accomplishmenis of previous inquiry. It is

i @ A A T Tl T S £

of little consequence whether we pcrmit the term "science" to ccver
the widest range of inguiry imaginable--as imputed by the complete

list of traditional objectives—or whether we opi for the use of

distinctive terms (say, praxiology or axiology) in special reference

to normative inquiry. The significant matter, of course, is the

sisicie ot Sl e i i i i Sias

T

intensification of cffort toward thc formulation of a more ccrmpre-

i

hensive version of rationality that would be relevant to the wider
range of concerns that we invariably encounter in any attempt (1) to

characterize the behavior of adaptive systems, (2) to improve our

; intellectual control of prescriptive process in decision maling, or
(3) to understand the creative aspects of cognitive processes in con-

ceptualization and theory-coastruction.

RESPONSE TQ THE PROBLEM—A SUMMARY VIEW

We shall do well to make the personal equation a matter of record
from the beginning. Problems that are everyone's responsibility are
no one's tasks, until they are appropriatcd by particuiar men bearing
the stamp ¢f individuality on cvery aspect of their interest, experiencc,
and enterprisc.,

xi
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In this book the authors presum= .o mount theis own attack on

a major problem of inquiry that, by earlier admission, presupposes a
coalescence of scientific discipiines still only dimly surmised. They
do so from the viewpoint of professional practitioners of management
science who, for more than a decade, have bteen immediately concerned
with the conduct of a research program designed to establish funda-
mental directives for more systematic and warrantable execution of

the scientific advisory role of their profession. Significant extension
of presently limited technical capahilities in systems analysis,
evaluation and design has been the ultimate objective, but it has

long been apparent that this practical goal will become feasible only
on the strength of success in problems that are logically superordinate.
Over time our research program has come to be characterized hy an
escalade of successively more abstract projects, beginning with
eminently:practical concerns and terminating only with the patently
metatheoretical task of extending the present limits of rational methods.
In the endeavor to secure for management science the hroader capabilities
of a prescriptive science, we are inevitably forced into the region of
metascientific (or philosophical) issues. This effect is due to the
fa:xt that obstructions to methodological advanc. themselves form an
escalade in which the problems at each level are but consequences of

- the next higher-order probiem. Thus, in ascending order of generality,

we have encountered:

xii
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(1) intractability of critical decision problems,

(2) inapplicability of existing OR/SA techniques of analysis,

(3) inadequacy of reductionistic decision models, :

¢

(4) incoherence of objective v. normative theories of decision
and valuation,

(5) insufficiency of %ruditional rational prototypes,

T T

(6) incomrensurability of primitive criteria and incoapatibility
of primitive commitments.

The "domino-effect” here is unmistalable: each obstruction will
yield only %o higher orde innovations and tne mcdification of rational
primitives will therefore ):oduce a cascading result. The potent line
of attack is from the gener-l to the specific, from the meta‘heorecical
task to the practical. It i by way of a philosophical recoustruction,
an& its lumproved control oi' che theorizing process, fhat more coherent

theories, more adequate deci:lon models, more relevant techniques of

systems analysis/design, anu ultimately the resolution of more complex

i o g i gtk i

practical decision problems riny hopefilly be sought.
if the projected philoscpiical reconstruction is to prove gener-
ally persuasive and helpful, it certainly must accommodate an assimilation

of the reseexch areas z-mpvisiv- behavioral iacuiry in genersl, The

propricty of generating sich a »ioject Irom the perspective of the
particular interests of sranagemc: science might therefore appear to
be immediately questionable. In * 1ticipa-ing such an objection, we

vould maintain that management .sc’.nce necessarily confrounts the acute
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provlems of all its compunion sciences with respect tp the analysis

of adaptive behavioral systems and, in addition, certain particularly
difficult problems that are unique to its own special province. An
attempt to establish a fundamental rationale for applied management
science forces us to turn again to the nost comprehensive of the
domains of traditional irquiry—value theory. Even the most rudimentary
enalysis will show that this is the appropriatc response, since it is
all too clear (1) that the central concern of manageneni is decision
making and (2) that values constitute the basic determinants of
decisions in general. The requirements of rationality in management
science therefora generate a demand for a normative-prescriptive mode
of inquiry that can properly be conceived as encompassing thr. total
concerns of behavioral inguiry. The centrél amhit ~on of prescriptive
science is the conccptualization of rational prineiples instituting
cognitive control over the processes of valuative judgment in a manner
that is comparable, or at least consonant, with the control of factual
judgment that we now possess by recourse to objective scientific
methods. It is our hope that a delineation of the special role of

the jprascriptive sciences in the general efiort to achieve a coherent
theoretic format covering decision, valuatica, and organizaticn will
convribute ultimately to a successful resolution of the ad hoc
separalions between knowled,e, value, and action that have plagned

all carlier attempts to comprehend or control complex behavioral systems.

i8




To encompass, within a unitary rational schemé, the interrelated
provinces of acting, valuing, and knowirg that have been rigidly

compartmented in the interest of early sclientifie advance: this is

the nature of the objective. The ultimate demand of reason for
warrantable decisions in &1l of human arfairs sets the vicsionary gbal.

This gcal is, of course, one of the ancient idealizations of humankind,

and one toward which little enough progress has been discernable in
the arduous cours: of civilized development. Among the major enter-
prises of human intelligence, the attempt to provide a rational basis s
for valuative judgment has perennially proved to be the most refractory.

Tortunately, a contemporary renewal of metatheoretic value-inquiry

finds at hand a potent complex of resources that have only recently
become available to the scientific and philosophicel Eommunity. In- 3
deed, cne of the principal means of advance in th. forthcoming work
will depend upon coherent assembly of results from several lines of
specialized iﬁvestigation. But the general problematic situation, now %
as heretofore, is still best characterized by paraphrase of Wittgenstein's

[2] distinetive type-problem for philosophy: One does not . .ow his

[intellectual] way about.

Towrdativas, Logical v, rhilosophical

Among seasoned investigators it is almost a matter of scientific
doctrine to interpret any concentration of interest on foundations as
the beginning of the ends - Foundational inquiry is generally construed i

us the penﬁltimate'stage of development in & given discipline because it

19
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is motivated essentially by an aesthetic desire for intellectuval
elegance., Certainly it is feasible to emphasize lhe criterion of
logical elegance only after fruitful conceptions and significant
proslem solviicg capabilities have matured in the more exciting growth
phases of a new inquiry. For the situation that confronts ugs in

this present work, however, nothing could be more inappropriate than
the expectation “hat foundations of the prescriptive selences are to
be atlained by merc refinement of existing, intuitively acceptable
theoretical constructions. Here w2 have to deal not writh the logical
niceties of initial statements for an alreaqdy reasonably ccdified
discipline but, rather, with the initiation of a novel mode of inquiry
thot coula hope to provide (1) con:epts that are relevant and adequate;
(2) methods of inference that are systematic and warréntable,-(3) zog-
nitive models that are overationaily interpretable znd practicable
over a more comprehensive demain of experience than any that science
has previously essayed. Clearly, the aesthztic orientation of
foundational inquiry is still in force; but the quest is for éon-
ceptual axl wethodological rudimeats oy, o vrisle 4o Ailodcpn.cul
foundations, the primitive components of a new way of thinking., 1In
this »sage the familiar aesthetic demand feor parsimony must be joined
to a veritable battery of additional aesthetic criteris pertaining to
the admicsibility of any originative organization of ide»rs as an

intellectual modus operandl appropriate to the unusual scope of our

|
|
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present purposes and problems. The full connotations of "eyhernetic

" in the sense intimated above, will reqnire explicit develop-

elegance,
ment in a forthcoming section of the text. It suffices here to serve
pointed notice that foundations of the preseriptive sciences must be

laid in territory heretofore relatively unexplored froa the side of

moderi scigntific temperament , C. W. Churchman's Prediction and Optimal
Decision (1961) constituting a notable exception. Foundational issues
associated with normative inquiry-—tihcugh they may heve been the

ancient ground of moral philcsophy-4haVe génefally received modern
treatment as rudimentary appendages of proposed theofies of value

(cf. John Dewey, Theory of Valuation, 1939).

In crder to comprehend this seeming lack of drive toward adequate
foundations, it is only necessary t< consider the very great rgrity
with which obstructions to theoretical_édvance ever force the edge of
resear-h back to fhe metatheoretic level of generality. It is only
after the intel.ectual potential of a given set’of accepted prﬁnifive
commiiments has te-n literally exhausted in some historical course of
luyuiry Lna’ nictalucoretic reccﬁat#u&ﬂiua Lan SESTMT ANy DML hle
status as an objective. Not even the special difficultiesiencountered
with the injection of value considerations in behavioral science would
force us to metasciertific inquiry were it not the case that similar
normative issues have already been fought out to no effectiv: conclusionr
in the humanities (ethics, aesthetics, and social philosophy) during

long periods of investigation under every conceivable orientation

Xvii
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permitted by the fundamental dualistic commitment that launched
modern inquiry,

The area of foundational research perforce comprises an escalade
of theoretical projects that terminates only with the task of reformulat-
ing primitive commitments as directives for theory-construction in
general, It therefore encompasses a domain of such extreme reach that
only very recently have we accrued either sufficiently cogent reasons
or sufficiently promising means to warrant systematic rather than
‘merely explicatory investigation., In view of the paucity of systematic
research in the metath2oretic area, no survey will be undertaken here,
It is very much to the point, however, to review the state of affairs
in contemporary valt ~ =zory that gecnerates the need ﬁor Tourdational
inguiry.

Duelistic Impugse

he basic problematic gituation has heen created by the long-
contirued existence of a fundamental incoherénce between objective
(factual) and normative (valuative) versions of rational thought. The
dishotomy of factuel v. valuative Juigmen ard @ ooz vmently, ubs foriel
separation of scientific reascning from axiological (appraisive)
reasoning is almost as bld as systematic inquiry itself. This early
comnitment te dualism has been massively reinforced by historic successes

in the "value-free" scientific inquiry that it permitted. The criginal

status of this dualistic commitment—it was, after all, a strategic




policy for the control of systematic cognition—has therefore been
effectively obliterated by the remarkable results tnat have vindicated
the policy so far forth. Thus, the value-fact dichotomy has gradually
assumed almost the status of a sacrosanct principle. It is now a
thoroughly engrained, thematic feature of thought; so pervasive as to
be easily mistaken for a necessary condition of rationality. However
prejudicial this o#ercommitment to dualism may e with regard to the
possibility of creative modification at the fcuccdations of iﬁ@uiry, it
is clearly the result of a powerful and generally fruitful tendency
toward institutionalization.

In this light it is readily understandable that when difficulties
began to be encountered with the sub rosa injection of value considerations
in behavioral science, the general tenor of methodoloéical research should
have been solidly constrained by an almost unnoticed dualistic assumption,
Jjust as.prswious value inguiry in the humanities had‘long been constrained.

The single characteristic that is common to the rather incredible number

[

of diaparate value-decision theories extant, across both the divisions

of scicatisic and phitoscophical iuvestigation, is their general acquiescence
in the adoption of dualism as a point of departufe. From this

origin two major lines of ﬁroliferation issue—scientific naturalism

v. axiological idealism—each subsequently admitting of factorization

into more sp-rcific categories. Thus, a reasonably comprehensive

e
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classiticaticn of contemporary value-decision theories would comprise
a spectrum covering the following range:

(1) Radically reducticnistic theories in which the very
relevance of value jnquiry is disallowed due to such
conceptions as

(2) 1lack of literal meaningfulness of value concepts,
(b) voluntaristic, individualistic nature of values,

(¢) revelatory, sranscendental, authoritarian sources
of value.

(2) Linguistic-analytic theories (nonradical reductionism)
in which the only legitimate content of traditional
problems in value analysis is attributed to confused and
ambiguous interpretation of value :terminology.

(3) Formel thecries of utility and decision in which observ-
able relative preferences disclosed by an individual's
acts of decision are treated as interpretations of an
axiomatic system.

(4) Naturalistic theories in which value phenomena are
construed as amenable to treatment in the predictive-
experimental context of scientific inquiry.

(5) Intuitionistic (non-naturalistic)theories in which

i values are associated with a non-empirical yet object-

' ive domain of entities sul generis, accessille by
introspection and susceptible to logical relation, yet
unconditional (absolute) with respect to human desires,
decisions, or actions.

On either side of the deep fissure produced by objective v, normative

dualism, theoretical alternatives have been worked out quite exhaustively.

The resulting deadlock among proposed theories admits of only one

conclusion: that we are presently coafronted with an impasse between

basic perspectives of inquiry. A comprehensive rationale for valuation
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and decision would be required, first of ail, to achieve a coherent
synthesis of two disparate but equally legitimate theoretical eunter-
prises: (i) objective-scientific inquiry regarding values as hypo-
thetical constructs interpretable in the context of a decision system
as an object, yhere the aim c¢f inquiry is prediction-explanation of
the observable hehavior of an external somatic system; and (2) normative-
axiological inquiry regarding values as norms to be instituted by

some decision system as a subject (a "self" or an organizatior), where
tke aim of inquiry is a prescription determining a behavioral trend

(a program, strategy, or policy) contributing toward the viability of
tinat subject or self-system in a selective environment.

In the face of a complete scihiism between the concerns of science
and axiology, there is no conceivable treatment of valuation and
decision that could adequately satisfy our aesthetic, intellectual,
and practical demands collectively. The limitations imposed by dualism
therefore evoke one very secure conviction: -that the appropriate re-
course for contemporary inquiry is a concerted attempt to frame an
alternative commitment that construes the objective and normative
concerns of science and axiology as interdependent in principle.

Resolucion: Approacn and Rationale

It is reasonable to surmise that the more sophisticated inquirer

has always intuitively reserved the notion that knowing, valuing, and
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acting must actualiy'be inseperable in any sense other than as figments.

Under sufficient scrutiny, the recourse to dualism might always have

been vaguely recognized for what it is, a practicable way of disengaging
a feasible region of productive inquiry from a total domain of problems
in which normative considerations are generally so complex as to have
defied the most strenuous attempts to formalize adequate procedures of
investigation. The reductionism that is typical of the objective mode
of scientific inquiry has admittedly been responsible for impressive
accomplishments; but its employment appears to be obstructive to major
advance in the behavioral sciences. Tv 1to justice to the complexity
of adaptive systéms now seems to be the or@er of business, and it
appears that this cannot conceivably be done under the constraint of
the reductionist strategy of previous scien£ific inquiry. We propose
to address this requirement for complexity by the introduction of
modifications at the metatheoretic level of primitive concepts and
commitments,

Our approach may ﬁherefore be described as that of philosophical
reconstruction. In view of our previous emphasis on the conditions for
meaningful work 2n this area, the credibility of this program of research
clearly must depend upcn the citation of new sources of insight, new

evidences for the present feasibility and timeliness of this project.

The approach in philosophical construction '3 always to frame a scheme

of ldeas according tc ihe most general intimations attainable and then

e SRS S s LI st




£ o opie
B Tt B g a2 ot BB - -

to undertake the interpretation of experience systemaiically in terms
of that scheme. In this regard, the following majorjsources of new.
insight have figured significantly as directives to phiilosophical re-
construction: .

(1) general systems research resulting in the elucidation

' of desirable connotations for primitive entities,
primitive prccesses, and primitive criteria of optimal
organization;

Sl (2) analysis of cognitive processes in the more general
; context of adaptive control, where relevant considera-

tions have been taken from accounts of the anthro-
pological development of semiosis, the cybernetic
emphasis on homeostasis in several modes, certain
aspects of research on decidebility in formel systems,
current approaches in the simulation of intelligence
by automata, ané not least important, introspective
analysis;

(3) methodological study of historic prototypes of rational :
inquiry, in vhich the "evolutionary" development of i
successively dominant prototypes of ingquiry provides

g distinct clues to a more adequate integration of formal,

empirical, end axiologicel methods; and

.

ke s

(4) exploitation of existing mathematical schema that sre
interpretable in normative terms: abstract algebra of
finitz fislds, first-order perturbation theory, theory of
stochastic processes, contemporary mathematics of opti-
mization and its parent discipline, the calculus of
variations, as resources for formalization of the verbal-
intultive eonstruetions that neeesserily issue firpst
from involvement with specific problems.

The rationale of this approach may be summarized in the following
way: (1) that metatheoretic reconstruction can now proceed by recourse
to a potent complex of new intimations that issue from assimilation of

meny separate lines of specialized investigation; (2) that these intimations,
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cast in the form of primitive concepts and commitments for a sys%ems-
philosophy, now entail metatheoretic innovations that have strategié
import for the condﬁct of general inquiry, as well as the advancement
of foundations for the préscriptive sciences. The principal innovations
are:

(2) systems-theoretic schema: a conceptuat format applicable

to phenomena associated with organization and transforma-
tions of organization in general; :

(b) canons of ratiopality: a systemic collection of formal,
empirical, intuitive-aesthetic, and evolutionary criteria
as controls affecting the admissibi. ity of alternative
cognitive models, i.e., formal, predictive, and pre-
scriptive theories in general;

(¢) unified methodology: operational integration of the
supposedly disparate methodologies of formal science,
experimental science, and axiology;

(d) unitary rotional paradigm: a schematic rational formet
possessing the formal property of duality and admitting
of alternative interpretations identifiable respectively
as objective and normative prototypes of analysis that -
are mutually complementary; and

(e) normative mode of inquiry: formalization of detailed
procedures for warranting prescriptive (as against pre-
dictive or formal) cognitive models and for applying the
legitimate variant forms of analysis that ensuc from
alternative primal-dual rational modalities.

METHODS

The characteristic methods cf philosophical inguiry are so
generally familiar as to require litﬁle treatment. In this brief
account we therefore restrict comment to just those procedural aspects

that appear to have some claim to originaiity. The phrase "philosophy

Xxiv
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in the reflexive mode" provides the essential clue to what is novel
about the approach. This key phrase bears the following connotations:

(1) deliverate effort to control the design of a philosophical
position in order to assure that principal commitments
are made in consonance with actual requirements of the
cognitive agent in situ and in actu; preliminary charac-

terizations of (a) The evolulionary milieu of cognitive- i
semiotic development and (b) the cognitive agent as a 3

finite adaptive-control system are entailed;
(2) advanced reeognition of the necessarily provisional
character of any philosophical construction, coupled
with the explicit realization that a self-correcting and
self-ampiifying process of iterative reconstructior nust
exhibit a coherent trend toward stability under confronta-
tion by continuing tests for interpretability, warrant-
ability, practicability, comprehensiveness, and elegance;
(3) insistence on "reflexive correspondence" as a categorical
criterion of admissible philosophical construction, i.e.,
philosophical commitments must entail a cognitive theory
capable of accommodating the very activity of philosophical
construction that gives rise {to the theory itself.
Such a program perhaps sighals a resurgence of the methods of systematic
philosophy; yet it differs markedly from the efforts of the classical
systeﬁatists in acceding always to the demand for operational inter-
pretaﬁility, testability, and practicability of propoused theoretical
models. On a second count, it differs as well from the historic meta-
scientific inquiries of practicing scientists in that its methods must
reach toward the incorporation of value consicderations that ar: even
at this time widely regarded by objective scientists as "off limits"
for rational inguiry.

Doubtless a less debatable feature of methods is the attempt to

exploit interdisciplinary resources by way of interaction between formal




and empirical conéerns. The formalization of problems and prinéiples
is suggestively controlled by possibilities for assimilation of separeate,
specialized fields and the implications of generalized trial-constructions
are examined for consonance with known experimental results. TIterative
refinement of philosophical commitments occurs by construing these ex-
changes as sources of intimations for a more comprehensive conceptual
schema. Specific examples of these effects are: (1) the extension of
concepts central to evolutionary biology for a general taxonomy of
adaptive systems, (2) the analysis of principal features of scientific
advance that are discernable when "science" is construed, in an evolution-
ary context, as a proliferation of successively dominant prototypes of
cognitive organization, (3) the use of generalized concepts of semiotic
freedom and decidability for characterization of cybernetic features
of organization and control in adaptive physical systems, and (k4) the
development of systemic-dual primifive entities, primitive processes,
and primitive selection criteria.
PRECEDENTS

Attending these choices of aim and methods, a certain general tenor
in our investigations will be immediately recognizable. Renewal of
David Hume's radical philosophical orientation toward initial concern

for the nature of the cognitive process, as well as continuation of

similar tendencies of American pragmatism and behaviorism (after C. S. Peirce,

John Dewey, and G. H. Mead), constitute one principal motif. Sympathetic
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though doubtless inadequate appreciation of A. N. Whitehead's philosophy
of organism and philosophical extension of relativiséic considerations
initiated by Albert Einstein mark two others. Prior investigators in
the areas of metatheoretic inquiry, history and philosophy of science,
evolutionary bioclogy and systems research, cognitive-semiotic studies,
and mathematics would comprise an extensive list of predecessors whose
motivations and results now make an assimilative effort conceivable.
While explicit references will be indicated in the conventionzl way, it
would be misleading to neglect more adequate acknowledgment of major
influences of which we have been constantly aware.

Metatheoretic Inquiry

In his Reconstruction in Philosophy (rev. 1949), Dewey envisioned

an iterative relationship between theory and practice that is a precursor
of our objective. Our insistence on collective biological, psychological,
and social aspects of rationality, as well as its evolutionary context,

can certainly be vieved as an explicit interpretation of the "existential

matrix" that Dewey emphasized in Logic: The Theory of Inquiry (1938),

though it does not apvear that our elaboration of cognitive controls as
canons of rationality was anticipated.

A central theme cf pragmatism--the renovation of the concept "truth"
and the insistence on "testability" that Peirce initiated in his basic
papers—-has been incorporated and extended in a more general notion of
the "admissibility of a cognitive model" under a holistic collection of

formal, empirical, aesthetic-intuitive and evolutionary criteria. DPeirce's
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major contribution to metatheory consists in his proposal of the cate-
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gories of firstness, secondness, thirdness. Shorn of their radically
abstract status, these categories appear in our version as the factual-
valuative-formal manifold determinative in any act of conceptualization. i

A crucial epistemological innovation lies at the core of Mead's

G i it il

Philosophy of the Act (1938). After Dewey, whose 1896 paper on the i

reflex arc concept initiated the problem of the "activist" role of the

Rt

subject in perception, Mead went on to cbliterate the notion of a

g

passive organism driven merely by impressed stimuli. His emphasis on

o

selectivity, attention, psychologicél set, and his analyses of the 3
semiotic process and the social milieu of significant symbolization— u
aiong with Erwin Schrodinger's indictment of the "peculiarity" of the
objective-scientific world view—are basic iesources that support our

imputation of a "constructivist” role to the cognitive agent and our

-re— T e T T A

conception of the processes of objectification, simulation, and selection

as central to the activity of a subject-object dual system.

In these works cne observes the interweaving of methodological and
epistemological considerations ccncerning the nature of rationality and

legitimate procedures of inquiry. Whitehead's Process and Reality (1929)

adds to these themes an ontological component that is required of any
systematic metatheory. It is the influence of the organismic cast of
" this work that leads us to the strategic selection of primitive concepts

for a systems-philosophy, a philoscphy beginning with the commitment that
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#ll "existants" may fruitfully be ccnstrued as dual systems involved

in selective processes of transformation, subject to criteria of optimal
organization. There is perhaps a moot question as to whether the most
productive project at this time might not be simply an assiduous attempt
to interpret the almost impenetrable terminology of Whitehead's

magnum opus in terms that might admit of significant applications

to the present needs of objective and“normative theorists. It is our
judgment that the preferable alteruative is a parallel attempt in system-
atic philosophy, with recourse‘to scientific advances that postdate
Whitehead's work, and with concerted attention to the use of more
immediately interpretable primitive concepts.

History and Philosophy of Science

P. F. Schmidt, in his paper "Models of Scientific Thought" (read

before Section L, AAAS, 1956), and T. S. Kuhn in The Structure of

Scientific Revolutions (1962), provided very influential overviews of
the h&story of scienée, with emphasis on major recrienﬁations of accepted
parad;gms. Schmidt's identification of historic prototypes of scientific |
inguiry has served as a strategic directive for our methodolegical survey,
and his original project has been extended to include a similar analysis !
of historic modes-of axiological inquiry. Kuhn's book is perhaps our

most highly regarded current source in this field, but we do take issue

with his emphasis on revolutionary aspects of scientific development,

opting instead to construe science as the evolutionary proliferation
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of a basic cognitive modality of human behavior, when‘thinking is
regarded as a special form of acting.

Two attempts at generalization of the objective scientific mode
of inquiry for more adequate coverage of behavioral phenumena are to
be noted: from the side of the management sciences, C. W. Churchman's

Prediction and Optimal Decision (1961), and from experimental psychology,

J. G. Miller's journal publications preliminary to a forthecoming book

(cf. Behavioral Science, 10 October 1965). The philosophical basis of

Churchman's "science of values" has been the subject of an extensive
critique that was important to us for its isolation of the distinctively
normative aspects of value inquiry that are geglected under dependence

on stochastic-definite models and the posiﬁivistic criterion of "verifica-
tion."

General Systems Research

The remarkable proliferation of special theories in systems research,

e.g., the mathematical constructions dealing with information and optimal

control processes, presents a punishing reminder that no ccomparable successes

have marked attempts to establish a general theory as a basis for unification.

For an account of progress in general systems research we have depended

on General Systéms, Yearbook of The Sociely for General Systems Research,

12 volumes to 1967, edited by L. von Bertalanffy and A. Rapoport. The

- broad themes of speculative and empirical topics considered in a typical

éystems research symposium (ef. Self-Organizing Systems edited by
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M. C. Yovits, G. T. Jacobi, and G. D. Goldstein, 1962) have been comple-
mented by the interests of a relatively small coterie dedicated to an
axiomatic approach in the mathematics of general systems. M. Mesarovic,

The Control of Multivarieble Systems (1960) and the continuing output of

The Case-Western Reserve Systems Research Center typify for us the efforts
of inis ccntingent.

Any theoretical grasp of the total domain of systems will necessarily
depend on evolutionary biology as a progenitor. rThis.lé the central
emphesis of a recenf symposium réported by A. Roe und G. G; Simpson, eds.,

Behavior and Evolution (1958): "To demonstrate taat morphology, physiol-

ogy, and behavior arevaspects of organisms all inseparably involved in and
explained by the universal fact of evolufion became a principal object of
the symposium.” With such justification, our own efforts in general syétems
taxonomy rave been shaped primarily by influences from numerous areas of
specialization in evolutionary theory. Simpson (1953), Mayr (1963), Oparin
(1938), Bonner (1955), Stirton (1963), Clark (1959), Kerkut (1960), and |
Alee (1949) will be cited for concepts or principles appropriatedvin an
attempt to attain a unitary concepfual formét for theoretical treatment
of phenomena associated with organization and itransformations of organi-
zation in general. )

Two sources in this sector particularly requiré acknowledgment:

(1) Stephen Pepper's Sources of Value (1955) isolates the connotations

' after earlier

of the highly generalized concept "selective system,’
work ty E. C. Tolman and K. B. Perry on purposive behavior; (2) Melvin

Calvin's "Communication: From Molecules to Mars," (cf. AIBS Bulletin,

xxxi
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i 2 October 1965) supports the conception of emergent "grades" of systemic

& 3 complexity——the only basis we have found for unambiguous taxonomic

o
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distinctions among systems in general when all systems, however rudimentary

their ranges and degrees of freedom, ars construed as adaptive.

; Cogritive-Semiotic Studles

It Is to the credit of the principal American pragmatists and social 3
behaviorists that they achieved a skeletal account of the cognitive-

semiotic process that is now widely conceded to be essentially correct. §

rRpiade o ST TN ke R
£

Their chief contribution has been the concept of the reprogramming of
prior characteristic response via reflective mediation on the part of an
adaptive system. On the basis of original work by Peirce, Dewey, and Mead,
; we undertook an analysis of mininal capsbilities for cognitive creativity
E and control. The cmphasis in developmentel work has been placed largely
| on the control cémponent, i.e.; the problem of rationality. Here we have
attempted to pose the problem in a.manner that hopefully avoids two defi-
ciencies that have perennially obstructed adequate treatment: (1) the
reduétionistic tendency to associate rationality with fractional aspects
of categorical and extralogical control; and (2) the absolutist tendency
to sever the multiplex process of rational contrél from its stem in the

more general process of emergence. Works‘by Godel (1931) and Church (1952)

3

on mathematical logic, Morris (1964) on semiotics, Wiener (1948) and Ashby

(1060) on cybernetics, Tolman (1951) and K&hler (1938) on aesthetics, in

the sense of species-srecific natural norms of purposive systems, have

provided resources that admit of associating "rationality" with optimal

xxxii
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design of a system of formal, empirical, aﬁﬁ 1ntu1tive-aesthetic'norms
expressly designed to foreclose the relativipy of cognitive decision.
With the furthe addition of criteria associated with the viability of a
cognitive system, the‘holistic system of cognitive controls may be viewed,
like any biological-instrumental control system, as a feature of the
overall design of an adaptive system that is subject to evolutionary
modification. ‘

This result is a natural extension of the initial uudertaking of

philosophical behaviorism, inasmuch as G. H. Mead's Philosophy of the

Present (1932) expressed the general intent ol showing that "social and
psychological process is but an instance of what takes place in nature,
if nature is an evolution."
Mathematics

Here again, as in the areas of biological and cognitive studies, a
complicated skein of influences does not permit discursive acknowledgment.
Essentially, we have appropriated mathematical structures from abstract
algebré and functional snalysis as directives to the formulation of com~
mitments that initiate philosophical reconstruction. As an illustration
of the manner in which mathematics enters as a formative eiement of
philosophical development, consider our initial formal principle. It is

a commitment to the effect that a complementary dyadic schema characterizes

" the modality of admissible conceptualization in general. The comprehen-

siveness implicit in such a categorical commitment would hardly be

defensible on any basis other than a realization of existing mathematical

xxxiii
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perturbation theory, (3) theory (f stochastic processes, ard (4) relevant
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structure associated with formal duality, in this case an interpretatlon
in psychological terms having specific epistemological significarce. In
another isolated example, the abstract algebra of finite fields siﬁilarly
provides the abstract basis for a reasonsble insistence on "6perational“
testability as a primitive criterion of admissible conceptualization.

The prorising r-sult that follows from this approach is the possibility
of exploiting~in detailed construction of a philosophical system==the
correspondences establiched between certain gensral features of cognitive

constructs and perceptual-conceptual operations on the one hand, and the

abstract entities and operations of suitable formal systems on the other.
Further, we have appropriated for use in systematic theorztical
development various specialized realizatiouns of analytic structure that

heve appeared in (1) the mathematics of optimization, (2) first-order

portions of relativity and quantum theories. Regarding access to these

j
4

resources, future citation: will prinecipally- credit Dickson (1900),
Carmichael (1937), and Albert (1956) on the abstract algebra of finite
fields; Riesz and Sz.-Nagy (trans. 1952), von Neumann (trans. 1949), and |
Halmos (1950-present) on functional analysis; Kolmogoroff (1933), Feller

(1950), Doob (1953), and Wald (1950) on stochastie processes; lanczos (1962),

Bellman (1957, 1961), Howard (1960), and Por*ryagin et. al. (1962) on

mathematics of variations and optimal control; Courant and Hilbert (trans. -

1953), Glasstone and Edlund (1952), Lindsay and Margenau (1936), Bohm

(1957), and Watanabe (1955) on topics from mathematical physics. It will
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perhaps be immediately evident that formal duality, an invention of

Y B

mathematical analysis for the calculus of variations, must appear in a
strategic role. The formal dual acquired through generalization of the
Legenre transformation is always interpretable as a value system and

its canonically conjugate variables as value-measures. Note for instance,
that the formal dual devised by E. P. Wigner as the adjoint function for
nuclear reactor *theory is significantly termed an "importance" function

(cf. Jeffrey Lewins, Importance: The Adjoint Function, 1965). The Legendre

transformation thersfore implements ithe key strategem of general value-
decision theory: the conversion of extremalization problems tha' are
time and path dependent in object-space to problems depending o.ly on
initial and terminal conditions in phase-space. The Legendre transfor-
mation may also be used, alternatively, to transform an object-s, c’
representation of an extremelization problem into one expressed solely
in terms of a conjugate space~'"momentum-space" in physics, "value-space"
in general theory.

The basic rationale for our utilizalion of selected structures from
algebra and analysis may be summarized under three theses that dominate
this section of the work:

(1) that cybernetic characteristics of the finite cognitive agent
entail the reletivity and reductivity of all conceptual
objectifications~and, hence, the nzcessity for complementary
represcntations of nonsimultaneous but equally relevant
objective v. normutive ontological aspects of all existants
(enduring "things");

(2) that suitably pairec theovetic paradigms, des’ined specifically
to satisfy the conditions of formal duallivy, are required in

order to provide adequale means for ratvional analysis of the
_objective v. valuative aspects of practical decision; and

XXXV
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(3) that primal v. dual modes of analysis so formulated can be
shown to be complementary in general and correspondent, i.e.,
equivalent, under specific conditions identifiable with
optimal decision.

As these dominant theses suggest, the long standing dichotomy of
naturalist v. idealist value theories need not represent a necessary or
irreparable cleavage. A synthesis of traditional perspectives is
envisicrable in terms of (1) the complementarity of alternative modes
of rational analysis and (2) the connectivity of a stable and extendable
chain of successively embedded, reductive cognitive moéels. Here the
strategic aim of our inquiry shows most clearly. We hope to accommodate,
in a unified concevtual-methodological framework, the supposedly incom-
patible principles of previously disparate value~theoretic orientations.
Admittedly this version of "unification" will not be monolithic in
cheracter. Indeed, the principal import of complementerity is that it
supports the coconey, if nol the necessity, of introducing compound
primitive constructs quite unlike the simplistic abstractions of tradi-
tional usage: dyads composed of such supposédly antithetical philosophiczal
primitives as being-becoming, individual-universe, self-object, maximal
freedon~optimal control; dyads constituting such nonintuitive theoretical
primitives as Legendre conjugste variables and adjoint functions,
relativistic space-time complements, and group theoretic primal-dual
systems. DNevertheless, it is this type of metatheoretic modification,
primarily, that seéms to afford significant promise for resolving
perennial difficulties fhét have been inherent uncder the previous con-

ceptual separation of acting, valuing, and knowing.

XXXV
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EXPECTATIONS _
While premature assessments have no rightful place, it is incumbent

on us to specify the kinds of theoretieel and practical advances that

would ind.cate ultimate success. 'I'ne metatheoretic innovations intro-

duced in this work are expected to establish foundations for the formula-

tion of object-theories, i.e., specialized, content-sensitive, theoreti-

cal models applicable to practical dscision problems of such scope and

complexity that they are not amenable to existing methods of analysis.

Example classes of such intractabie prcblems specific to the managemant

sciences are :

(1) interface problems characterized by the general demands ror
resolution of conflict among componenis of a complex organizaticn;

(2) appruisative problems concerned with issues of optimal
organizational design;

(3) entrevreneurial problems associated with administrative
decisions affecting the viability and adaptability of a
total orgenization.

In the interest of behavioral inquiry in general, this research is

expected to contribute toward the attainment of (1) a conceptual schema

of sufficient generality to accommodate phenomena associated with any
sector of the spectrum of adaptive systems: gecosphere and technosphere,
biosphere, sociosphere, and noosphere (abstract cognitive organizations);

and (2) a normative~theoretic paradigm affording methodological capability

for more adequate treatment of the central problem of the theorist in
behavioral research: namely, the design of models capable of accommodating

the modifisbility of characteristic response of adaplive systems.
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It is now clear that by way of systematic treatment we hope-to
introduce a significant extension of scientific method; but any claim
to this effect, of course, extends only so far as we may actually succeed
in bringing the rational control of valuation and decision within the
grasp of contemporary inquiry.

Poterntial Significance

The successfuvl introduction of a new prototype of rational inquiry
has been an exceedingly rare historical occurrence. An emergent event
of this kind typically represents the culmination of generations of
effort toward the gradual refinement of a stable pattern of inquiry.

In the entire course of Western science, for example, there are appar-
ently but three major instances: (1) the axiomatic prototype of Greek
mathematics, (2) the empirical prototype of early modern physical science,
and (3) the conceptual prototype of contemporary formal-theoretic

inquiry. ©Setting aside the hard question of expectations for the
ultimate success of our enterprise, we must at least admit that it does
aim at precisely that rare type of event described as "the introduction
of a new prototype of rational inguiry." One can readily imagine with
what diffidence we do so.

Our project of philosophical reconstruction—posed as a basic
response to the escalade of problems now obstructing the general advance
of behavioral science--has been expressly designed to attempt an exten-

sion of the domain of rationality. Surely it is only by some such

extension that prediction cf normative~adapiive behavior and prescriptive
)Y Y
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) control of deliberative decision and valuation will be, if ever, brought

securely within our intellectual grasp. The subtlet& and little understood
power of intuitive judgment are not in the least depreciated. We may well
find at last that there, rather than in vigorous rationality, lies our
ultimate dependence. But the insecurity of even tie most artful employ-

ment of nonwarranted intuition presently allows no rest from tre attempt

t. institute a unified intellectual paradigm, a rational prototype
capat'e of providing the systematic basis for (1) establishment of

coherence among scientific and axiological interests, (2) attainment of

theoretical models applicable to critical classes of decision problems
now cmenable only to subjective solution, and (3) improved understanding
of aesthetic, creative, and control components of the cognitive process

itself.
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PART I: DOMAIN

PROGRAM——
Introduce the concept of prescriptive science

Counter the notion that valuative aspects of decision
making ere inherently off-limits to rational
inquiry.

Annotate a continually increasing dependence on new
scientific advisory practices as aids to insti~
tutional decision making.

Establish the ecsential prescriptive character of
these prectices as belying professional dis-
tinctions commonly drawn between operations
research, systems analysis, management science,
and their variants.

Secure recognition that further development of such
professional prac’ices will entail, not merely
innovative techniques of analysis, but belated
extension of rational inguiry into the sector
designated "rrescriptive science.”

Demarcate this sector of inquiry as a unified domain
encompassing characteristic problems of the
behavioral sciences that are distinet but not
disconnectied from those of the formal and
physical sciences.




3 Jeliuid

o

fiba coalihaias bt i

e

INTRODUCTION

Every living speciecs is a testament to the unfathomed subtlety of
natural selection. Predominant among nature's evidence, however, is the
curious fact that gggg sapicns should have been invested with continually
broadening mastery of complex mental operations while remaining little
capable of specifying how such operations are to be -eliably performed.
The conundrum has a profounc simplicity: We are more than we know.

The disparity beiween what we can do mentally and what we can explicitiy
"program" is so great that exploretion of the inner space of the cognitive
agent is a task a2t least equivealent in sccpe'with that of discovery in

the outer space o1 the physical cosmos.,

Yet, if the one accultural species—with itu alignment of individuels
by responsibility in social institutions—-can contrive somehow intuitively
to resolve complicated problems of decision, valuation, znd organization,
the results have hardly been incontestable. Quite otherwise, the most
confident employment of unexamined hebitual precedures in decision making
all too frequently have lcd men, nations, societies, even civilizations,

unwittingly to destruction. Thus, a commitment that must once have been
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dimly hypothetical has by this time become 8 common sense maxim:. that it
is an slways cogent enterprise to attempt the formulaiion of principles
that will tend to asswre desirable outcomes of decision and action
rather than mere chanceful unforeseen results. The strength of this
maxim is that it explicitly invokes the principal aim of rationality,
namely, the design and institutionalization of cognitive controis that
are capable of refining and redirecting the naturally artful but essen-
tially insecure operations of intuitive judgment.

Though we may claim for this book the intention of serving that
same eminently acceptable aim, we are not thereby relieved of troublesome
problems of communication at its beginning. While there is no longer
anything at all novel about identifying science with rationally controlled
ways of thinking in general, we must succeed in using this familisr
context to establish the acceptebility of a notion that is still new

enough to be somewhat disconcerting: the concept of prescriptive science.

&1




! Chapter 1
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THE CONCEPT OF PRESCRIPTIVE SCIENCE

% It must be admitted at once that even the choice of what appeared

to be an apt title, Foundations of the Prescriptive Sciences, had to be

made in full realization that a phr:se more open to immediate misinter-

pretation could hardly have been devised. For this reason we have gone

T P

to unusual length in the Preface, attempting full disclosures of aim

and strategy, methods and resources, in order to provide the reader with

two orienting expectations: (1) that prescriptive "science" will not be
science as we know it in conventional usage, and (2) that "founcations"
here will not refer solely to commitments of the type now femiliar as

directives to the construction and testing of theories in objective

inquiry. The reference of these key terms in our title is to an unfrac=-
tured total ra.ge of cognitive decisions associated with acting-valuing-
knowing andé to & holistic problematic situation that holds throughout

that range: the demand for comprehensive, coherent, systematic procedures
for attaining warraﬁtable Judgments in all of human affairs.

Perhaps it is now quite obvious that the terminology we employ

admits of difficulty not so much from its novelty as from its archaic

48
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generality. Such generality has not been the common cast of thought
since that t!me when it was the distinctive mark of the earliest Western
philosophical systematists, the Ionian physicists, in their attempt to
see ‘the world, at once, clearly and whole. That their grand intent was
premature we may conclude from the historical evidence that reductionism
and specialization ultimately proved instrumental to the attainment of
unchallengable objective knowledge. It is understandable that, in the

millenia of readjustment that followed the abortive attempts of these

. early Greeks, their original conception of science as rationally controlled

Judgment in general should have been displaced and almost forgotten.

But since continually pressing needs now combine with more auspicious
modern circumstances, a contemporary renewél of their insistent séarch
for the unifying principles of a more compréhensive rationality ought
also to become readily understandable and admissible.

To this end we have been at pains to associate "prescriptive science"
with no more than the bare concept of overtly controlled reasoning pro-
cedures that yield unambiguous decisions, where justification of procedures
and vindication of decisions are conceived as being open to public
scrutiny. Assurance has been given that this conception in no sense
anticipates, or even admits in principle, the complete control of

decision making by deterministic procedures or algorithmic routines.

'We anticipsaste, rether, a continuing expansion of decision principles

capable of releasing more of the cognitive agent's finite capacities for

use in creative attention to problems of ever-widening scope. Extension

1-2
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of the range of decidability, as a contribution to the increase of

I

cybernetic freedom, is central to the concept.

Perhaps no urging i- required in order to secure provisional

AL > iy

acceptance of the desirability of this goal for the emerging decision ]
sciences. The feasibility of this objective, however, may remain an

issue even for those who might willingly concede its desirability. One

intfoductory task therefore remains: to counter the commonly held

doctrine that valuative judgment is inherently off limits to rational

inquiry. This can be done by showing that the establishment of cognitive

control over prescriptive aspects of decision making lies naturally on

an escalade of objectives that perennially has guided the advance of

inquiry.
OBJECTIVES OF RATIONAL INQUIRY

No serious oversimplification is involved in maintaining that
systematic inquiry per sz is just the advanced stage of an age-old,
pervasive effort of men to institute depehdable, counsciously controlled
procedures governing thz ever-widening deployment of human mentality.
Indisputably the activity of prescribing, by which we mean "the deliberate

: P . q 1 '
recommendation of a decision tor action,"” represents but another of

Mere is no need as yet to develop the connotations of this term
at great length. That task will be taken up in a later section in which
we deal with the mission of operations research as a professional activity
in the service of a client: Everything salid there of recommended
decisions will serve to further the expausion of the tcrm "prescription.”
Amplification on one point, however, seems to be immediately required.
The notion of a decision recomnended for action is meant to cover a range
of interpretation that would allow what is being recomuended to be not
only an acticn but a program, a strategy, a policy, an organizational

1-3
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those ephemeral cognitive operations that carry us forward so compellingly
in behavior, even while awaiting the injection of rational control as

the necessary condition of any marked improvement in stability and
adequacy. To envision the attainment c¢f a warrantable mode of prescrip-
tion is to do no more than apprehend the full significance of a long=-
standing collection of successively more complicated goals, whose adoption
is implicit in man's rationalizing tendency. Under the heading of several
cryptic but utterly commonsensical questions, we can lay out enduring
demands that have persistently confronted the creative cognitive agent
from primitive beginnings to the present. The history of inquiry in

brief amounts to the iterative reworking of these basic issues, as
inherent limitations of once~acceptable modes of response have invariably
been disclosed in wider experience:

What is to be expected?

The problems of prediction, explanation, anticipatory
response, and providential planning. Essentially a question
of constructing conceptual models adequate for some form of
detailed simulation (conceptual, linguistic, graphic) of an
object or field of attention.

What is to be done?

The problems of prescription and dep ndable control of
decision and action directed toward purposive goals. Essen-
tially a question of attaining conceptual models relevant to
selection among alternative actions, strategies, policies,

' format, or an ultimate value commitment. In any of these instances the

implementation of a recommended decision by an autonomous client entails
an action; but the action may alternatively involve a change in operations,
the establishment of a policy, a modification of organizational structure
or function, a course of entrepreneurial activi+t;, or the adoption of a
belicf as a habit of action.
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and values—vwhose vindication in experience will be subject -
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o not only to the pragmatic criterion of immediate effectiveness
in problem-solving but to muitiple criteria of long range
_ viability as well.
é What is to be conceived?®
] The problems of cpjectification, description, specifica-
_ tion, characterization, classification. Essentiaily a guestion
4 of the attainment of coherent primitive concepts.

What is to be believed?

] The problems of demonstration, deduction, derivation,
] implication. Essentially a question of securing warrente i
preserving trensformations of primitive statements as

assumptions or commitments, i.e., a question of deriving

conclusions admissible by principles.

i e

2A certain transparency characterizes most of these elemental
questions. Their significance and relevance can therefore be easily
surmised. The case is somewhat different, however, with regard tc the
third question, that is, the question of what is to be coaceiveé. An
example that helpfully reveals the iuplications of this question has been
given by G. L. Farre in his address tc the Americen Association of Physica
Teachers, Georgetown University, 2 April 1966: "Let us imagine that on
a hilltop, watching the sunrise one bright m~rning, stand Kepler and his
master Tycho Brehe. Imagine further that, :(eeing them there, you ascend
the hill and upon joining the two astronomers, you inguire of them what
it is they are seeing that so enthralls them. Tycho Brae nay answer
something like 'I am watching the rise of the earth's largest satellite';
while Kepler might say that 'The earth having completed one full rotation
since yesterday morning, I am watching the sinking eastern horizon bring
the sun back into view!'"

T AT
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The disagreeuent between Brahe and Xerler is not of what the givens
of experience are (presumably their eyes see the same things...) the
disagreement is on the ordering principle for these givens—-that is, on
the perspective in which they are [to be] viewed. The difference between
the two astronomers is not centered on what they see in a physiological
sense, but rather on what they sce it as [i.e., on what is to be con-
ceived, or vwhat is conceivoble, under Efven prior cognitive coumitments].




A great cycle with periods as long as historical eras appears to bring
up these original themes in a slow recurring shift of priority and
emphasis that now strongly indicates the propriety cf attempting to
incorporate rationally controlled prescriptive judgment as a legitimate
sector of science.

Expectation and Anticivatory Behavior

Apparently it is to the purpose of achieving human ends in the face
of frustrating failure that the cognitive process has always moved into
action. This begins with the need to anticipate the course of surrounding
events and to employ expectations to advantage in selecting or effecting
Just those forthcoming alternatives that represent purposive goals.

To say that cognition begins with such relatively advanced considera-
tions is, of course, to speak under strong qualifications. First, we do
not conceive it necessary to our interests here, or even possible at
present, to pursue the long trace of the emerging cognitive capability
as it is only now being freshly reconstrued under the new topic of the
evolution of behavior. Second, any mention whatever of "beginnings"
must have a very loose construction indeed. The clemental tasks of
cognitive behavior—conceptualization, simulation, evaluation, selection,
and decision for action-are admittedly interdependent; and they are
iteratively performed. How shall this iterative relationship be broken
into for purposes of analysis and discourse? What point of entry can
legitimately be elected? ‘There are confusing alternatives. In contrast
with the order in which primitive cognitive problems are considered in

our list above, for example, an ordering by iogical priority would surely

vyl 3
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require that concept attainment and commitment precede expectation and
anticipatory action. .

The reasonable option, so we suppose, is to choose, as an arbitrary
but promising point of entry, the first appearance of awareness of
thought consciously undertaken in the face of practical necessities,
thus presupposing an indefinite succession of prerequisite mental
attainments in anthropological development predating any possibility of
meaningful reference for our interest in purposeful "objectives" of
inquiry. Based unconsciously on more primordial capacities and acquisi-
tions of human intelligence—perceptual discrimination, concept attaine
ment, symbolic representation, and linguistic sirmulation——trial procedures
for classification of objects and correlation of events that later lend
themselves to successful action tend to become established as behavioral
habits, forming the basis of uniform approach to problems of a given
kind. In both individual and anthropological development, this is the
foundation of primitive rationality: that by habituated mental procedures,
particular objects and events can be subsumed under a class or kind and
thereafter confronted with anticipatory responses that prove to be
appropriate.3 The codification, later tha institutionalization, of
innovative cognitive procedures that we associate here with the acquisition

of a rudimentary retionality is the elemental modus operandi of later

- systematic inquiry. Its early effectiveness in the satisfaction of needs

can be appreciated in its contribution to the great neolithic cultural

3cf. Jean Plaget, The Conctruction of Reality in the Child, trans.
Margaret Cook, Basic Books, New York, N. Y., 1954, pp. 380fT.
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breakthrough: the sheer lore that guided the fabrication of tools and

shelter, the conduct of the hunt ané of tribal defense, the domestication
of plants and animals, the sophistication of artisanship.

As argued persuasively by Lévi-Strauss [1] in cultvral anthropology
and by C. S. Smith [2] in studies of archaic technology, the pré;civilized

{ mind totalizes. It is primarily sensitive to the complex wholes and

intricate relationships of irmediate exverience. In its intransigent
refusal to allow anything of human interest to remain unassimilated,

there is no trace of the modern abstract separation of expectation from

valuation and action-——as we would say, no separction of predictive from

prescriptive judgmeint. As lore is built up by intelligent but uncritical

iR e S =

empiricism in practical arts, so are custom, rite, taboo, and magic

build up as codified dirvectives in art, religion, and socizl practice.

Such holism is the principle characteristic of the early dialectical

version of rationality that exhibited astounding success in its first

major function~-that of promoting the attainment of foreseesble human
ends, both material and emotional, by means of thinking for the sake of

acting.

Coherent Conceptualization and Logical Infersence

It was precisely the unforeseeable ends newly opened by primitive
rationality that were to disclose the ultimate power of cognitive control
and to bring round the first full cycle of rational development in a
sweeping reconstruction of ‘the conceptual groundwork on which early

rationality had unconsciously depended.

1-8
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The great counter-theme to the intuitive-holistic mode of dialectical
reasoning is the abstract-reductionistic mode of analytical reascning
that has constituted, from its inception to the present day, the framework
of both formal and objective inquiry. Not only the limitations but
aven the successes of primitive thinking for the sake of acting conspired
to shift the e;phasis in intellectual activity toward self-critical,
anezlyytical thought. Thinking itself is, after all, only a special kind
of acting; and it can be readily seen that an increasing freedom from
immediate stress, gained through cognition, could only afford new
opportunity for the reflective cognitive agent to turn attention inward
tovard imprcved control of the kind of acting that is thought itself.

The dual capability peculier to Homo sapiens—to think directly about
how to act and to think reflexively about how to assess, to exploit, to
improve the process and results of thinking.-once acquired, would find
no convenient termination but only limitations that have invariably
proved to be temporary, or so at least in terms of the history's long
time scale. Arising in echelon from the advent of socizlized rationality
in neolithic times, successive demands for more general ané more adequate

principles for control of thinking for the sake of thinking have

gradually built up the hierarchy of cognitive pursuits that we now
associate with the distinct objectives of practical, theoretic, philosoph-
ical, and thematic inquiry respectively.

Two motivational asggpts of this spiraling cognitive enterprise arc

equally apparent and equally relevant to the attainment of human values.

First, the obvious pragmatic motive of problem solving: the need to
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resolve embiguities, to remove anomalies, to overcome failures in
application of an existing mode of thought. Second, the more sophisticated
motive of sesthetic goal-attainment: the drive for elegance, generality,
comprehensiveness of conceptual resources. While these motives obviously
may shade one into the other, the first of them, as the more immediately
pressing, was undoubtedly the spur to the firs? general revision of
thought that marked the origins of a critical,. analytical mode of

rationality. Karl Jaspers' Vom Ursprung und Ziel der Geschichte* (1949),

details the bewildering incoherence that became forcefully apparent

during what he terms the "axial period" of prehistory (c. lst Millenium,
B.C.). The naive animistic and spiritist conceptual basis of pre-
civilized rationality, assumed unconsciously and employed innocuously
enough in earlier contexts of ruder social life, was confronted by a
dawning cultural sell-consciousness, an increasing awareness of the
complexity and subtlety of human experience, a tendency to take account

of human freedom in reflection and action. When human motives and values
beganlto be precjected through imagination to the status of ideals, the
resulting ethical and aecthetic criticism, emerging first in new religious
dispensations, initiated a general criticism of habitual cognitive
commitments, ihus sweeping whole cultures of that period toward innovations
that were to ley the foundations of future philosophy, science, and art

on the conceivability of humanly comprehensible order in nature, of

*This work may also be seen in English translation ty Michael Bullock
under title, The Origin and Goal of History, Yale University Press, 1953.
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discoverable temporal, causal, aesthetic, and ethical relations, of
means and ends, origins and goals, motives ana values.

The attitude of critical thought nowhere exhibited its fruitfulnese
more impressively than in its ultimate production of an impasse of its
own kind during the later flowering of Greek philesophy. Criticism,
vhen turned upon the epistemological problems of the origin, nature,
and reliability of knowledge per se, became the rampant skepticism of
Protagorean times. The resulting pervasive intellectuzl "crasn" that
came near to vitiating Greek society will more fully occupy our interest
in a forthcoming survey of historic prototyres of inquiry. For the
present it is only required to emphasize the dominant theme of rational
development: that creative reaction to an epparent failure of the
rational enterprise supplied the motivation and the means of subsequent
reconstruction and successful advance. On the ccombined accomplishments
of Greek philoscphy and Greek mathematics, the normative disciplines of
semanpics and logic, and the formal methods >f axiowatic construction of
cognitive models, arose in response to the question "What is to be
believed?" -—the question that had previously generated widespread
consternation by the confusing arrsy of conflicting, ambiguous, incoherent
ansvers that it ha@ received from self-critical ninds.

The conscious being, in becoming aware of itself, had posed problems
for which intuitive, dialectical reason cculd provide no solution: the
problems of (1) accounting for its own capacities, (2) discriminating

preferable alternatives from among the myriad conflicting insights of

1-11
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creative but uncritical intelligence, and (3) instituting dependable,
unambiguous control of its own cognitive processes. These standing
reguirements relentlessly forced the invention of a complementary
aralytical mode of rationality, a mode of thinking characterized by
decomposition of the immediate totality of experience and its recomposi-

tion in terms of more comprehensible—=though necessarily more abstracte

reductionistic models. With the firs: tenuous attainment of an analytical

versicn of rationality, the cognitive adventure ha? come through its first

full circle of the successive problems of intelligent behavioral self-

control. Only through subsequent centuries of development—the documented

periods of relatively sophisticated rational inquiry ccmprfsing the
"history" of science—would a clear appreciation of appropriate interplay
between the intuitive, formal, and empirical resources of human mentality
be achieved, if indeed this may yet be claimed. But the very appearance
of axiomatic methcd discloses, from our vantage point, the presence of a
second major furction of rationality: its service toward attainment of
the idealized goals of systematic, comprehensive, elegant cognitive
models and warranted, rigorous control-principles in deliberative judge

ment via the self-correcting strategem of thinking for the sake of

(improved) thinking.

The Refinement of Balanced Objectives

As if in the ancient pattern of yin v. yang, all subsequent efforts
to reconcile the seemingly antitheticel modes of dialectical and analyt-

ical reason have been plagued by tension and lack pf belanced emphasis.

1-12
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efficacy of objective-scientific inquiry in the value-free province it
claimed, however, exclusive dependence on its specialized abstractions,
theoretical ccnstructions, and confirmation procedures represents a
warping of attention toward only a partial implementation of the total
resources of rational thought. On this point Whitehesd [3] warned, in
the Lowell Lectures of 1925: "A civilizaticn vhich cannot burst through
its current abstractions is coomed to sterility after a limited period
of progress.” We therefore maintain here what could only be intimated
in the Preface: that the valuational issues now being ercountered
generally in the behavioral sciences, and particularly in new scientific-
advisory practices, 6o nol even admit of adequate representation—much
less resolution—-by recourse solely to the present analytical basis of
objective scientific inquiry. A theory relevant to valuation and deci-
sion requires the following significant extensions of the characteristic
structure of objective t.eories:
(1) addition of :1 lecision-parameter space to the conceptual
model,
(2) construction of an adjoint formal system,
(3) assumption of a set of hypotheses constituting terminal value
posits, and
(%) recourse to tests for admissibility that are sensitive to
criteria for vindication rather than confirmation of the
theory. o

In answer to the charge that such a theory could not be a "scientific"

1-1k
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This is hardly surprising, since experience is approached from opposite
perspectives in the two cases: one is supremely concre£e and holistic,
the other supremely abstract and reductionistic; one proceeds on the
basis of synoptic hypotheses, the other on commitment to arbitrary
formasl propert’es. Presumebly the habitual human uses of dominance and
suppression in the resolution of conflict carry over .rom emotional to
intellectual life, so that dialectical and analytical reason were almost
automatically placed in opposition as truth v. error, or at least as
sources of subjective v. objective knowledge competing for supre.acy.
With the advantage of hindsight, we can see that a dangerous

imbalance was precisely the result of the spurious '

'competitive" success
of the never analytic mode. For the joining of formal and empirical
methods in early modern physical science was marked by e provisional
exclusion of normative-valuative considerations that was to become, in
the contemporary scientific temperament, a thoroughgoing excoriation of
any introspective, speculative, holistic approach whatever. Depending,
as they supposed, solely on the laboriously perfected analytical mode,
investigators in the great age of classical physical science and mechan=-
ical technological development turned to a aewly effective attack on the
oldest of problems, a recurrence of the cycle of intellectual priorities
in which the sttainment of rigorous predictive-explanatory theories and
prescriptive control in the practical arts now represented refined versions

of two ageless goals: (1) the securiag of appropriate expectations and

(2) the design of adequate anticipatory responses. Despite the impressive

1eil3




theory, one can only answer that the extensions envisioned cen be
achieved in no way other than by continuation of the basic prcject of
rationalization that created science. And that project, as we have

ried to show in this rudimentary account of historical development,
essentially consists in the iterative reworking of elemental cognitive
problems that alternately bring into priority the fundamental counter-
themes of dialectical and analytical rational modes. If the analytic

of objective science is incapable of providing warrantable control

over the full range5 of prescriptive judgment, the promising course
surely is to reemphasize the attainment of intuitive-holistic commit-
ments and concepts that might hopefully admit of fruitful reconstruction
of paradigmatic analytical structure itself, and therefore of wnat
we are prepared to call "scientific" theories. To counter the imbelance
among intellectual objectives that has been produced by tension between

dialectical and analytical reasoning seems the cogent strategy. 1In

sBy tanis veiled reference we mean to do justice to the fact that
technological capabilities stemming from obJjective inquiry, as in
engineering and certain aspects of medical therapy, do represent instances
of rational cor..:'ol of prescriptive Jjudgment. But these accomplishments
are possible Just because the valuative aspects of decision making in
some cases may be essentially nonproblematic due to the nonambiguity and
stability of elemental commitments to, say, the value of human life or
the value of control over efficient cause as a sine qua non of purposive
action. In the professional practices of psychintric, legal, or ethical
counseling, scientific-advisory services, and administrative decision in
complex organizations (government, business, education, military), the
distinctively valuative aspects of decision are never so restricted in
type. Critical problems of decision, valuation, and organization in
these sectors, along with' those of personal-emotional and creative
intellectual life, fill out the "full range of prescriptive judgment”
which cannot be accommodated by the existing analytical format of
objective science.

L-15
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t the principal thesis of The Savage Mind (1962), Lé&vi-Strauss argues

for the propriety and the significance of balanced emphasis.

+ « « The opposition between the two sorts of reason is
relative, not ebsolute. It corresponds to a tension within
hunan thought which may persist indefinitely de facto, but
vhich has no basis de jure. In my view dialectical reason
is always constitutive: 1t is the bridge, forever extended
and improved, which [creative intelligence] throws out over
, an abyss . + . . The term dialectical reason covers the per-
1 petual efforts analytical reason must make to reform itself
if it aspires to account for language, society, and thought;
and the distinction between the two forms of reason in my
view rests only on the temporary gap separating analytical
reason from the understanding of life. Sartre calls analyt-
ical reason reason in repose; I call the same reason dialect-
] ical when it is roused to action, tensed by its efforts to
r transcend itself.

+ » o I do not regard dialectical reason as something
other than analytical reason, . . . but as something additional
in analytical reason: the necessary condition for it to
venture to undertake the [representation and comprehension]
of the human.

« + o Scientific explanation consists not in moving from
the complax to the simple but in the replacement of a less
intelligible complexity by one which is more so . . . . No
doubt the procedure would go astray if it were not, at every
E stage and, above all, when it seemed to have run lts course,
ready to retrace its steps and double back on itself to pre-
serve contact with that experienced totality which serves
both as its end and means.

« « o We have had to wait until the middle of this century
for the crossing of long separated paths: that which arrives
at the physical world by the detour of communication [i.e.,
conceptual objectification and linguistic simulation], and
that which arrives at the world of communication by the detour
of the physical. The entire process oi human knowledge there-
fore assumes the character of a closed® system. And we there-
fore remain faithful to the inspiration of the savage ming
when we recognize that the scientific spirit in its most modern
form will . . . have contributed to legitimize the principles of

' savege thought and re-establish it in its rightful place. [4]

®Possibly this reference to "closed system" bears the connotations
of mathematical closure, that is, the notion of s transformation yielding
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In this light any presupposition to the effect that the enterprise orf
prescriptive science is off-limits’ to rational inquiry must be viewed,
at best, as vaguely expressing the realization that the tasks at hend
are not initially those of the working scientist, but rather of the
philosopher. And this is quite true. Philosophy is the perennial
antagonist of accepted abstractions; its principal business is the
dialectical task of continually attempting the foundations of novel
modes of conceptual objectification in the interest of more fully
accommodating the concrete, complex totality of experience to which its
allegience ic given. Thus, the issue of disciplinary responsibility may
be readily conceded.

But if an attempt to extend the objectives and to redress the
belance of emphasis in contemporary rational inquiry is not properly

subject to the charge of being "off limits," it is certainly sufficiently

only images that are elements of its domain. It seems more likely,
however, that Lévi-Strauss here refers to the notion that in the attain-
ment of human knowledge the formalized manipulation of symbols generates
novel concepls and the intuitive manipulation of concepts generates novel
symbols in an iterative, mutual causal process inseparably linking
thought, language, and uction.

7The rare type of aesthetic "solipsism" that despairs at the nature
of the source of values, rather than at the question of rational method,
does not seem to require any extended reply. The very possibility of
intersubjective factual judgment cleariy rests on the presumption that
psychophysical responses, effectively invarisnt with respect to individual
subjects, characterize certain human reactions to physical stimuli. In
the main this presumption lies easy on most critical conscience. That
no comparable aesthetic invariants of emotive response should exist to
admit of intersubjective valustive judgment is a commitment that is
difficult to take with any seriousness; for while one's feelings aree
fortunately or uniortunately--forever one's own, the whole of cultural
intercourse denies the radical notion that human individuals are,each
one, sentients sui generis.




forbidding in difficuliy. The realizuation is now inescapable: that

when our ocbjectives are extended to include prescription—so as to end

FISIERTVN

the divorce of science from the aesthetic and ethical-—-the entire
escalade of rational objectives must perforce be reconstrued as a system
of mutually affective ends and means. Just as there is no version of
voluntary action that is insensitive to prescriptive directives, there
is no version of deliberative thought that is insensitive to modifica-
tion of prior normative commitments and alternative criteria of
admissibility. Conversely, as there exists no version of normative-
adaptive behavior that is independent of some context of interaction,
there is no version of conscious institution of values as norms in
decision making that is insensitive to knowledge of causal relations
between present states of affairs and outcomes continéent on strategic
options. To say that acting, valuing, and knowing are to be taken as
inseparable and interdependent would be a plainer way of speaking; but
it would mask the actual complexity that is entailed in adding, to the
present objectives of rational inquiry, the further goal of prescriptive
control of decision, valuation, organization, and cognition.

In the face of a new order of difficulty, we can hope to approach
this further goal by no means except that of trying to think about our
world and ourselves in a new way, trying to rework once-acceptable but

? invariably foreshortened answers to the o0ld question What is to be

i

conceived? or What is oconceivable? This was the question of the first

self-consciously entrepreneurial thinker. Its earliest answer marked
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the beginning of self-transforming cognitive creativity. FEliciting

gradual refinement of progressively more holistic criteria of admissible
éonceptualization, this eleumental ‘ssue persistently reappeared—as if
from some philosophical underworld~--throughout the nistory of science;
and it confronts us now: the "omniverous" problem in philosophical
reconstruction, that is, the problem that takes in all the other elemen-
tal ones. As we have tried to indicate in Figure 1.1, to open to
question the regimens of admissible conceptualization in general is to
reopen all the elcmental cognitive problems at once. For above the

rudimentary level of deterministic and automated processes at the

chemical~biological basis of life, there is no expecting, valuing,
acting, believing—-in short, no practical or theoretic or aesthetic
activity whatever—that does not first arise from con;eptual objecti-
fication and later issue in decisions subject to cognitive control of

the relative admissibiliily of alternative objectifications.

It would be a serious misapprehension to suppose that, when all

ool i A

the elemental questions are reopened, all the work of reason stands

to be redone. As always in cultural development, the sound strategy :
calls for a hopeful attempt to embed the traditional in a more compre-

hensive structure whose design-innovations will niore i{ully explolt

past accomplishments, even while leading on to newly pnssible ones.

On still another count we would reassure anyone who might be discon-

certed by the supposition' that the philosophical cast and complexity

of problems at the foundations of prescriptive science must immediately




T°T 2an31d m
ansiley - ajgisstwipe ‘NOILVZITYNLdIONGD
onayisseuis .
Aieuofinjons | Pa1201pUIA ‘NOJLdIHISIUd
onewgdead , |
\)}\}\o/{\g(\‘){\\\/\//\\\\llil
ol}auisae . h
jemdso.ed | paruesiem ‘NOILDIGTNd
|e2130] - pren ‘NOLLVYISHNOWIC
oCIWLBS snon3iqueun ‘NGi1di4CS3d
_ |
BLIBIY | ssagoid -qng

AYINONI TYNOILVY 30 SIAILDIrSO




plunge us into an intellectual netherworld where all principles come
wnsecured and the confidence of hubitual, practical life dissolves.
In the forthcoming chapters our course will be, rather:

(1) to begin precisely with the confident initial develop-
ment of existing resources of scientific inquiry es
aids to imprcved rational control of practical decision
making;

(2) to show how an eminently practical aim—to extend the
scope of technical capabilities in the "decision
sciences"~~forces us inevitably toward confrontation
of metascientific issues that pose obstructions to
our practical aim;

(3) and only then to struggle with the task of philosoph-
ical reconstruction that has been merely broached here.

One may be forgiven the intellectual heresy of conceiving this task
as o spectre attending the concept of prescriptive science. No man ven=-
tures comfortably beyond the present reacnes of his rétionality; but an
extension of the rational domain is what the practical aims of our time

demand, even if we were disposed to neglect the aesthetic aims that

demand this in a2ll human times.
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Chapter 2

THE RISE OF DECISION SCIENCE

THE CHALLENGE OF CULTURAL COMPLEXITY

Adninistrative decision making in the several institutional sectors
of modern society has unvil cnly recently maintained a style bequeathed
from perhaps the earliest forms of civilized social organization. In a
triumph of cultural conservatism, and apparently in defiance of the hard
rule Adapt or die!, managerial method successfully persisted in the 0ld
ways of the deft compromise, reconciling conflicting interests in tenu-
ous equilibrium by trial and error adjustment to immediate stress, and
the calculated risk, exploiting the parluy and the hedge indifferently
as opportunities might dictate to the intuitive entrepreneur.

As to specifics, the tactical treatment of complicated administrative

problems has been the laboriously refined procedure of "staffing the

~decision"—a technique that in concept could not have been unknown to

any governor of the Mincan civilization. From mere observation of its
early invention and time-honored use, however, there is no inference

that the staff-decision procedure is a simple one. The very great
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: durability of this tactic is due, no doubt, to the fact that its common-
sense aspect hides a marvelously subtle process so complicated as to
defy explicit description. Its principal features are clear enough:
traditional dependence on (1) insight and intuitive judgment on the part
of responsible individusls of proven talent, and (2) intensive though
necessarily informal exercises of reasoning and deliberation in which
both criticism and justification of contingent plans are derived from

? many sources of specialized interest and competence. But coupled with

this basic procedure in unspecifiable ways, there are innumerable stb-

sidiary factors of organizational decision making: for example, the
ethical authority of long standing cultural commitments, the pragmatic
assessment of past decisions and their consequences, the expertise of
professional advisors, the exploitation of critical ana constructive
insights elicited from every sector of intellectual activity, and cer-
tainly not least, the interplay of leverage and influence in the econouic
and socio-political arenas at large.

The sustained impetus of the modern industrial states ian their drive
toward international preeminence attests the notable skill £nd acumen by
which institutional decision can be maintained as a high art in the face
of confusing circumstances. Yet even the most generous assessment of
the viability and organizational effectiveness that can be achieved by
3 informal-experimental decision procedures admits of a disquieting aspect.
The generations since World War I have been witnessing, in the impact of

a "scientific revolution," perhaps the most spectacular and violent
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perturbation of the cultural human context that has ever been recorded.
It is now clear that an inevitable concommitant of scientific and tech-
nological sophistication is a drastic increase in the ccmplexity of
institutional decision problems, an increas: characterized moreover by
a dismaying rate of acceleration.

To appreciate this situation in depth we need orly secure a ulear
recognition that the basic concepticn of contrcl over a production-

i

allocation process,” a notion so familiar and cogent for the ordinary

" uses of practical management, is simply inadequate to present demands in

administrative decision. The essence of the contemporary cultural enter-
prise is the creative refinement or reconstruction of existing knowledge,
techniques in practice, services and commodities in use, and life-styles
in fashion. The ultimate social impact of a science-based technology is
not specifiable in advance; its primary control principles are heuristic;
its ertrepreneurial thrust derives from the insight and imagination of
innumerable individual innovators; and its accomplishments ultimately
issue in practical outcomes by way of chains of social and ecological
relationships so complicated that only extensive anslysis could establish
their eventual contribution v. cost in terms of human welfare. A society

in the era of scientific revolution is therefore more adequately construed

10ne admits that ordinary usage must be violently strained in order

- to reach the meaning intended for "production vrocess." The term as used

here refers to the Aristotelian bare notion of any process whatever that
yields a predesignated outcome. Thus, it applies to governmental admine-
istrators, business executives, educators, and military comaanders as
well as to industrial managers, insofar as they may have been thought
capable of completely predesignating their goals und correctly anticipat-
ing the nature of resocurces relevant to their vespective sectors of
decision making.




as an evolutionary proliferation of successively modified ways of think-
ing and living, where creativity. aesthetic-rational selection, and
learning represent acvanced =xnalogs of bivlogical mutation, natural
selection, and instrumental adaptation. Thus, there can be little
wonder at the trend toward crisis for inztitutional decision making.
Cultural complexity superimposes on traditional tasks a new demand at
the furthest reach cne can conceive for the administrative function:

literally, a demand for “"management" of an evolutionary process.

This reconstitution of the administrative function must give pause
to any credulous projection of the adequacy or present practices in
administrative decision making. It is apparent that demands incomparably
greater than any previcusly experienced are being placed on the essen-
tially intuitive methols of traditional institutional‘decision. Intui-
tive Jjudgment can be a superb instrument of crganizational control in a
context that admits of cumlative experience and gradual change. But
its reliability deteriorates markedly—if nct diéastrouuly-when con-
frornted with drastic modifications of enviroﬁment that nullify the major
features of familiar experience and the habitual strategies that tradi-

tionally have assured social viability.
THE NEW SCIENCE OF MANAGEVENT DECISION

It is, of course, greater copability for rational contrel of crgan-
izational decision making that is wanting. The ordinary connotations of

the term "rational" yield,'as something very like a tautolegy, the notion
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that rational determination of action maintains viability. For the
viability of any organization finally consists in just the continuing
selection of actions that do in fact secure futuré states that are at
least, admissible, if not preferable, in terms of the following minimsgl
considerations;

(1) utilities of outcomes, as well as present states,

(2) conditional probabilities of events contingent upon
strategic options, and

(3) constraints imposed by limited resources.

A great deal more than this is involved in retional decision. But
even in this simplified sense of selecting courses of action that "get
there from here," rational decision in the complex organizations of a
technologically sophisticated socieuy would prove to be a highly elusive
ideal. These pristine factors of rudimentary rational analysis-——utilities,
probabilities, constraints--can hardly be construed as stable parameters
of institutional decision problems in a context that admits of (1) inno-
vations possessing such staggering potential v. liability as nuclear
armament, automation of logical as well as physical processes, induction-
selection of genetic modifications, cybernetic control in man, machine,
and society, and (2) issues of immediate practical import for government,
business or industry that technically involve the predictive-exp’anatory
scope of such advanced theories as relativistic and guantum mechanics,
malhematicel theories of optimel control, and physiological-psychological-

“

economic theories of behavior. The decoupling of technical aspects of
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decision making from ordinary practical comprehension is described by
. Snow [1] in this jarring passage:

One of the most bizarre features of any advanced
industrial society in our time is that the cardinal
choices have to be made by a handful of men: in secret;
and, at least in legal form, by men who cannot have a
first-hand knowledge of what theose choices depend upon
or what their results may be, . . . When I say the
"cardinal choices," I mean those which determine in
the crudest sense whether we live or die. For in-
stance, the choice in Englana and the United States
in 1940 and 1941, to go ahead with work on the fission
bomb: the choice in 1945 to use that bomb when it was
made: the choice in the United States and the Soviet
Union, in the late forties, to make the fusion bomb:
the choice, which led to a different result in the
United States and the Soviet Union, about interconti-
nental missiles,

It is in the making of weapons of absolute de-
struction that you can see my central theme at its
sharpest and most dramatic, or most melodramstic if
you like. But the san= reflections would apply to a
whole assembly of decisions which are . , . made, or
not made, in legal form, by men who normally are not
able to comprehend the argumencs in depth.

This phenomenon of the mcdern world is, as I say,
bizarre. UWe have got used to it, just as we have got
used to so many results of the lack of communication
between scientists and nonscientists, or of the in-
creasing difficulty of the languages of science itself,
Yet I think the phencmenon is worth examining. A geod
deal of the future may spring from it. . . . All soci-
eties, whatever their political structure or legalistic
formulations, are going to be faced with this sanme
type of cholce so long as we have naticn-states, and
the results are going to be not only significant, but
much too significant,

« « « "We must learn to think," Don XK. Price has
written, "without mcking use of the patterns or models
- taken for granted by most of the text books." It is
: harder than it sounds. . . . No one that I have read
has found the right answers, Very few have even
asked the right questions.
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If a sense of mounting incomprehensibility should lead us to despair i
of rationally directing contemporary human affairs, that conclusion might
not. be totally unfounded. But it would have been reckoned without proper

regard for the record of unceasing efforts to repair the breakdown and

to extend *'.e adequacy of habitual ways of thinking and acting. The §
threat of intellectual impasse has never failed to call out the best that
men are capable of; and so with this present threat. Even before its

dimensions could quite have been appreciated, the intuitive grasp of

L i e

responsible men had begun to fasten on at least the rudiments of a

promising strategem.

From the perspective of roughly three decades of its development,
we can recount the insights® contributing to that stratagem:

(1) that science itself constitutes a para-institutional
decision system characterized by the employment of
inquiry as a strategy for the fixation of belief and
the control of action, that its inquiries are means
and its works resources for purposeful transformation
of society and civilization;

(2) tnat it is possible to turn the view of scientific
inquiry upon its own effects in a manner roughly
analogous to the develcpment of human self-conscious-
ness, to eppropriate the fundamental stratagem of

2A forewarring is in order: Ir facile statements we are setting
down realizations only very recently and very hardly won from a welter
of confusing activities. These are our realizations; or more accurately,
our convictions as to the ultimate nature and significance of what a vast
number of highly Individuelized people have been doing. It is doubtful
that any appreciable number of theimn would be inclined to agree that such
is their collective tendency and effect, since they have no awareness
of eny such personal aim or design. Despite cll this we maintain that
an important cevelopment, occurring unnoted because of its societal
scale, is adcquately interpreted only by the explicit "realizations"
attributed above.




self-organization that is, so far, characteristic
only of the human individual as an orgsnism and to
exploit that stratagem in the wider context of social
organizations;

(3) that such a stratagem would be implemented by inducing
in rational inquiry a specialized concentration on
methods for assessment and cptimal utilization of the
total range of substantive innovaticns now cascading
from the pursuits of science as a whole; and

(4) +that this reflexive employment of science prescrip-
tively, for attainment of improved methods of analysis
and principles of rational decision, might hope to
provide~especially for administrative decision making
in complex social organizations-——improved capabilities
for comprehending and regulating the effe~ts of tech-
nical developnents now issuing primarily . rom rampant
advance of the predictive physical science ',

In ‘the face of impending crisis, unvoiced awareness of both overwhelming f
difficulty and massive opportunity has given rise to new disciplines of

inguiry=-the decision sciences. They address the sciéntific-advisory

4 task of contributing toward improvement of rational control in organiza-

tional decision making, so far as that may be possible in an environment

where the pace of natural change is explosively accelerated by the crea-

BT P

tive drive of rational inquiry itself.

It is not to be supposed that clear strategic directives, like those

falling so patently into order on the page above, have bLeen instrumental

b

in shaping this response. There is always a temptation in reflection

from a vantage point in time to think of men in an earlier period as
&e p P

S

p uczeding under sophisticated directives that are only lstely seen with
simple clarity. The fact.is that the decision sciences~= iike any innova-

tion in kind~--were begun in the dark by men tangled in immediate

ne
3
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; &es responsibilities, sensing crisis only in terms of recognizable present
i :
i threat, and thinking purposefully only of improving the capabilities of
4 their particular organizations to attain the most obvious of practical
goals: victory in war. Realism here requires us to cite Romer's Rule,3

; ) a proper antidote for overreaching uses of keer hirdsight:
é The initial survival value of a favorable innovation
1 is conservative, in that it renders possible the

maintenance of a traditional way of life in ihe face

of changed circumstances. (2]
E Later on, of course, the innovation of decision science admits of exploi-

tation in unforeseen developments that are sufficient to suggest explicit
long range goals and to justify our imputation of a concerted strategy;

but this is a consequence, not a cause. In order to provide adequately

scaled appreciation of a continuing social-intellectual response to
complexity and crisis, we have attempted to overlay the rise of decision
science not only with the significance of what it was, but with the
significance of what it would become.

As with any trend that runs toward really massive social change,
the multifarious development that we term "the rise of decision science"
resists the efforts of contemporary historians to fix its domain or
characterize its nature. Its interdisciplinary bent alone is sufficient

to insure that some of its dimensions will escape attention or exceed

GSo called in the referenced article by C. F. Hockett and R. Ascher
after the palecontologist A. S. Romer, who applied it in his own work
without giving it any name. '
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the limits of competence professed by observers who know themselves to
be too near in time to a revolutionary phencmenon. EBeginning with

E research on military operations in World War II, decision science moves—
under continual demends for more extensive scope and more sophisticated
methods—1o the consideration of total-systems in strategic problems of
post-war national defense, economic problems of optimal resource alloca-
; tion and optimal process-control in business and ‘ndustry, and issues of
contingent planning and long-term development in public-interest activi-

ies of governmenta: agencies; meanwhile, it encompasses the initiation

cof attendant nonprefit research installations, learned societies, and
educational curriculum developments required in support of new technical-
professional specialties engendered by its advances. From dependence
% primarily on physics and engineering in early operational studies, its
characteristic team-research approach has broadcned to appropriate
special disciplines of mathematics, the tiological and social sciences,
and m9st recently, the communication-contrcl seiences now frequently
desighated by the term "cybernetics."4

Our concern with conceptual-methodological foundations for prescrip-
tive science obviousiy presupposes some familiarity with this prior

course of historical development in the scientific sectors successively

known as operations analysis, operaticns rescarch, and management

40ur preference is to reserve this term for application to the much
broader arees associated with the concept of prescriptive control EE
general.
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science.® To tiis end we call attention to the early account of
Trefethen{3], the continuiug record of the series, Progress in

Operations Research [4], and an excellent recent review by Page [5].

Not in any formal sense as hictory, but merely as an informal attempt

to assure every reader at least a brief exposure to the inimitable variety
of problems and techniques that heve evolved, we present here jus® an
abstract of record for a linz of development that is well known to every

first-generation practitioner of the new science of management decision.

Historical Abstract

Military Operaticns Analysis (World War II). Cperations analysis

or operational research, as it was first termed by P. M. S. Blackett [6],
began in Great Pritain just prior to Worid War II. Its first use, as a
form of analysis distinct from pfeceding versions cr industrial engineer-
ing, was by the Royal Air Force on problems involving choice of radar
sites end effective tactics for eircraft interception. Applications hy
the Brivish Navy in anti-submarine defense studies, by the British Army
on an£i—aircraft gunnery, and by the British Army Operational Research

Group on air bombardment soon followed.

SAs one might cxpect of an enterprise so rmltifaceted, a terminoleg-
ical “"explosion" hac accampanied its develcpment, the introduction of
each nev class of problems or techniques serving to suggest a modification
in nomenclature. This situation has been further cormplicated by a parallel
developrment invelving biological and cocioicgical sectors of behavioral
science and, particularly, the communication-contrel sciences. An increas-
ing tendency tcward the study of multivariable, rutual causal corplexes has
resulted in the emergence of "gystem" as the key concept of a newly promi-
nent organismic conceptual basis in behavioral inquiry. The result is a




» #

Footnote 5 - continued

collection of related terms—systems analysis, systems research, and
systems science~that, by virtue of their non-specific retercnce, would
clearly encompass the particular line of decisicn-oriented inquiry that
we are recounting. Such overly general terms have often teen used as
variant designations for operations research and mnonagement science. Our
placement of the decision sciences in the larger context of (behaviorel)
systems research will occur as a matter of course in the section "Current
Tendencies in Decisicn Scierce." TFor the present we need only irdicate
here that we shall later settle on the term "management sclence” as an
arbitrary species-designation covering the entire range of research and
rrofessional practice devoted to improvement cf rational econtrel in
organizational decisicn rmaking. As already suggested, it is only by
successfully enbedding the formal and empirical disciplines of management
science in the more comprehensive normative mode of a prescriptive systems
science that we can conceive of an actual realization of the term "decision
science” as a generic descripticn for rationally controlied judgement ir
general.
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E In the United States the first formal operations research activity
(c. 1942) was that of the Antisubmarine Warfare Operations Research Group
( ASHORG)~—~1later the Cperations Evaluation Group of the Navy Department.

% During this same period the U.S. Air Force initiated a civilian operations
. research group pttached to the 8 Air Force and subseyuently instituted

similar groups in all its major bomber and tactical commend.: of World War II.

P P

Princival naval problems were the effectiveness of mines versus sweeping
and degaussing counterzeasures and logistic viability in the face of
surface and submarine attacks on naval transport. Air Force interest
celtered or imprcved planning of bombing strikes by quantitative compar-

ison of bombing damage, as assessed by photo reconnaissance, under alter-

natives of force compesition and tactics.
Though some attention to engineering design was permitted by the
schedule of U.S. preparations for total war, both British and American
war-time research generally was concentrated on e¢fforts to maximize the
effectivenecs of equipment and fo. ‘2 structures already in vse. 7 -ras
this feature, of course, that gave the sense of Blacketti's original temrm ]
"operational" research. From its enrliest inceplion, operations research—
however academic its scientific resources=——featured two initial eonsidera-
tions that were quite foreign to the normal academic pursuit of objective '

knowledge: (1) rccognition of the purpose of an operution or organization,

and (2) identirication of a performance critcrion, a measure of effective-

) ness, appropriate for compgrison of alternative operational results, i.e.,

a valne parancter definel in terus of approach toward an ultimate goal or

"

en "error-signal” adumitting of successive reductlon with improving per-
formance.
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¢ The nature of objectives and measures of effectiveness typical of

military operations in World War II, however, permitied relatively

straightforward treatment of these novel requirements in analysis.

Attrition of enemy forces and destruction of his strategic resources

AT

were goals that then readily yielded explicit interpretations; the frac-

Lol e abialadeiaiag

tion of enemy aircraft shot down by an air-defense system, bomb damage

achieved per aircraft lost, and shipping tonnage delivered through sube-

marine blockade were measures of effectiveness that did not strain the

ingenuity of the operations analyst, even though they could not be 3
safely taken es obvious.® This fact, along with the revolutionary effect

of introducing even elementary procedures of systematic method into an

arena never before treated, gave great scope for successful contr.butions

from operaticns rssearch. Systematic collection of opsrational date, 3

consideration of alternative probability distributions, rudimentary

statistical analysis—with critical review and intuitive appraiszl of

sreditional wao. ury objectives and measures of effectiveness—frequently

led tc improved strategies and decisions by quite ordinary forms of
quantitative analysis.
In two important instances, however, military operations of this

period were couched ir terms of wide-scale, complex interactions that

8The latter of these cxauples is, in fact, a reminder of perhars
the most nuvo.oious misconstruction of a measure of elffect!veness known
to operations rescarch. The criterion carlier in use—nuiber of enemy
{ submarines destroyed per monthe-would huve tended invariably toward
% indications of ever-pocrer periormance just when the Battle of the Atlantic
! was turning most strongly toward Allied victory.
é‘
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called for resort to more sophisticated techniques of analysis. .In con-
tributing to the formulation of optimal strategies for (1) Allied convoys
to Britain (1943-4k4) and (2) mine blockade of Japan (1945), U.S. scientists
devised complex computational models that permitted the simulation or
"gaming" of outcomes of interaction between air and naval elements of

the Atlantic battle and offensive v. defensive elements of mine wurfare,
in both cases considering not only purely military aspects of engagements
but economic, geographic, meteorological, and oceanographic complications
as well. While these advenced-style war games’ were perhaps distinguish-
able from traditional forms of military gaming only by their employment
of mathematical formulations that required the expertise of scientiscs

in combination with that of military staff, the success of this new
feature was sufficient to initiate a tendency toward increasingly sophis-
ticated decision models that marks the later development of operations

research generally.

Military Operations Research/Systems Analysis (Post-war). The

contributions of operational scientific research under emergency service
in wartime were not lost on U.S. military planners. Project RAND (19L46)
wus esteblished by a contract under which Douglas Aircraft Corporation
undertook a sustained program of research on the broad subject of air

warfare.® Later this program was placed under the direction of a non-

profit organization, RAND Corporation (1948), apparcntly initiating a

7Page [Ref. 5, p. 13) terms them diacnostic wer gemes and places their
origin as early as a "replay" (December 1941) of Pearl Harbor in which he
participated, apparently at Naval Ordnance Laboratory.

8Interestingly enough, its first publication was entitled "Preliminary
Design for a World-Cireling Spaceship," ef. K. D. Specht, "RAND—A Personcl
View of Its History," Operations Resecarch, 8, 825-839, 1960.
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@ ¢ general swing toward this new institutional format in the process. The
U.S. Army instituted its Operations Research Office in 1948, providing
for the academic orientation of its civilian professionals by relegating
management first to The Johns Hopkins University and later to the non-

profit Research Analysis Corporation created for that purpose. Operations

research requirements of thc Joint Chiefs of Staff were served by the

Weapons System Evaluation Group crganized in 1947, its civilian staff-
component furnished under the U.S. Civil Service. Following a period of
operation under contract with the Massachusetts Institute of Technology
(1954-56), its function was absorted by the Institute for Defense Analysis
incorporated as a nonprofit organizaticn and sponsored by & consortium §
of universities.

An indication of the diversification of problems‘that accompanied
this shift toward semiacademic organization for operations research is
given by Table 2.1, a representative list of subjects treated in post-war
military studies. In contrast with wartime demand for constant involve-

ment of analysts with imminent military actions, or those actually in

progress, this era permitted distinct separation between the functions i
of staff officer v. operatvions analyst. Relieved cof direct responsibility

under crisis conditions and day-by-day decisions, the practice of opera- i
tions research was reserved for problem areas permitting months or even j
years of study. This relaxation of time requirements conferred on

operations research a chdracteristic scientific-advisory status it has

since preserved, the more so since greater scope could now be given for
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utilization of time-demanding aspects of scientific method that earlier

had been necessarily sacrificed: literature search, design and conduct

of field experiments, theory formulation, programs of detailed analysis
and computation, instrumental and even methodological development.
Inevitably the academic norms of thoroughgoing, comprehensive
scientific investigation began to be asserted, appearing in the guise of
two requirements that are now counted among the essential features of
operations research: (1) the demand for recognition of all relevant
factors affecting s decision, and its corollary (2) the demand for con-
sideration of a decision-context sufficient in scope to obviate the

danger of suboptimization. Sensitivity to these two norms strongly

influenced the raturc of the problems undertaken, and therefore the
disciplinary couposition of the typical OR staff, in fhis period. The
subjects listed in Table 2.1 indicate, firsti, the incorporation of
additional scientific specialties in OR team research—chemistry, biology,
i medicine, economies, sociology, psychology, ?olitical science, and the
whole of engineerirg tlechnology. Secoad, such subjects as continental

defense agninst nuclear attack, civil defense, and military v. civil

allocatiors and economies, indicate that this inereasing diversity of
decision factors was accompanied by increasing demand for analysis of

total-systems interactions in strategic problems of national defcnse.

It was this developuent, presumcbly, that gave meaning to the term
"systems analysis" as a specialized designalion for decision-oriented

research of this new order of score and complexity. Page [5] characterizes




one of the most significant of these totul-systems studies in this way:
By thie time [the latter half of the 1950's] the effects

of thermonuclzar weepons were fairly well understood. The

"nuclear exchange game" depended on combining these data with

others on methods of delivery, possible defenses, time inter-

vals, political limitations, and economic effects. Of course,

the cost and effectiveness of defenses were involved, and the

strategic decisions of surprise attack, size of nuclear stock-

pile, choice between strike forces, defenses, 2nd industrial
targets, and the use of radioactive fallout versus shock and

fire damage « « o All [of these considerations] have been

used over the past ter years in formul.cting '1.5. national

volicy.® [Ref. 5, p. 14]

Tne expanding domain of decision science thus had begun to exert
opposing requirements that tended to produce professional distinctions
based or methodological characteristics. On the cne hand, operations
research as "the science devoted to describing, understanding, and pre-
dicting the behavior of . . . man-machine systems . ... ," [T] was under-
stood to proceed classically by selecting a suitably restricted opera-
tional subsystem and subjecting it to scientific investigation. As
indicated by Figure 2.2—the distribution of a typiczal staff of OR pro-
fessionals by training in original disciplines—such investigations
might now involve the methodological featires of any of the formal and
empirical sciences plus those of certsin Lumane siudiec, e.g., history
or political science. Or che other hand, systems analysis-——which Kahn
and Mann [8] characterized as being to operations research what strategy

is to tactics—-wis associated with the decidedly artful enterprise of

forrulating wide-scope analytical structures suitable for represcntation

. .

9Cf. Herman Kahn, On Thermonuclear War, Frinceton, 1960; and "An
Appreciation of Aralysis for Military Decisions," E. S. Quade, ed.,
B-90, The RAND Corporavion, Santa Monica. 19 January 1959,
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of major issues in institutional choice of program, strategy, or-policy.
Perhaps a more adequate way of viewing the tendency taward methodological
distirctions is to couch the issue in te.ms of an inevitable tension that
is certainly not peculiar to operations research v. systems analysis.
This is the tension that tends to develop between the simultaneous but
sometimes antithetical demands for both rigor and comprehensiveness in
general inguiry. In the development of decision science this tension

has sometimes been misconstrued in hard and fast distinctions between

the objectives of micro v. macro-mecdel construction or insistence on
methodological separation of simulation and gamingf° v. analytical form-
ulation, as if these were alternative rather than supplementary objectives
and techniques.

Increasing sophistication in both computing equiprent and programming
led at first toward euphoric expectations that (1) simulation of problem=
solving aspects of human intelligence by heuristic programming or
(2) general dependence on an incorrigible stratagem of exhaustive para-
metric examination of outcomes in geming would ultinately result from
clever exploitation of sheer representational capacitv ard computational

speed. However, more realistic appraisals and cautionary papers, notably

19pe term "simulation" here refers to an operational model thet is
homomorphic to some dowain of experience, that is, the characteristiics of

- the model are in one-to-correspondence with some subset of characteristics

abstracted from the "real world"-—-usually ch:racteristics of interaction
between observer and environment. When sequential operstions of the model
depend upon decisions of two or more hunan observers competitively manipu-
lating the model according tvo different value systems, the simulation is
referred to as a "game."




those of Thomas and Deemer [9] and Bellman [10], showed such expectations
to be prematuvre if not, indeed, ultimately groundless. The limitations
of simulation for use in prediction and decision making-—limitations of
scope, predictability, retrodictability, and practicability—gradually
; came to wide recognition; and the complex interplay of simulation and
gaming with the formuwlation of analytic models began to receive more
balanced emphasis, not unlike that obtairing in the earlier development
? of micro and macro-theories in the physical sciences.

An example of the effective combination of these supplementary
f methods is given by the following account of successive simulations and
analyses culminating in a study of continental defense conducted by

Operations Research Office in this period: The first pnase consisted

of detailed simulations of air v. surface-to-air battles. In tre
second phase a set of elemental battles, highly aggregated, was designed

to simulate the whole continental SAM defense in response to an inte-

grated air attack. Problems of allocation of defensive strength as well

as the effects of attack allocations were studied. These first two

TER—

types of simulation consumed thousands of hours of computer time. On

the basis of these deteiled simulations, a greatly simplified analytic

e R

model was then conceivable. Outcomes of nuclear exchange between

opponents (Red v. Blue) were represented in terms of fractional exchange

between Blue cities and Red cities. Naticnel valuss and national mili-

tary strategies were interpreted in terms of indifference conditions

(equal pay-off) in the value-exchange compari.on. The establishment of
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indifference conditions allowed the selection of & balanced mix of
offensive--defensive weapons systems and left free a number of degrees

of freedom in the design of the military systems. These degrees of
freedom were consumed by imposing minimum cost requirements. Thus a
strategic decision problem, initislly quite imposing both as to scope
and complexity, was ultimately representeble in mathematical form &s a
nonlinear dynamic programr:iing problem. Under suitable interpietaticn,
the optiral solution for this abstract extremalization problem specified
a unique mix of offensive-defensive weapons uystems declgiucd to sccom-
piich ihe military task of continentel d=2fense at minimal cost.

Tl important realization was that simulation and gaming could
achieve pay-off without being extended to impiacticable conditions of
realism that would generelly be required to support explicit directions
for decision making. Micro-models, and especially the inturitive experi-
ence and training derived from their construction and operation, were
°oundxto be most prouductive 8s sources for the insight necessary to the
formuiation of mathematical macro-models that admit of optimization by

analytical procedures.

Manarement Science—-Technological and Theoretical Variations. The

termination of World War II constitutes a definite historical marker
that we have not ﬁesitated to uge in distinguishing two stages of devel-
opment in military operations research/systems analysis. It should be
made clear, hewever, that the rise of decision science, in general, does

not admit cf segmentation into successive periods. The headings of our

2-2l
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historical abstract denote-~not periods of development-but, rather,
synchronic lines of development that comprise a singuiar but crmplex
evolutionary phenomenon. All of these lines of development originate
together in cousiderations that vere present, though not fully appreciated,
ir the beginnings of operations research. But they have come to promi-
rence in successive periods, by differing vrocesses and ¥ates of growth;
and they have been characterized by terminologicul distinctions that
serve very well to elaborate the several principal reatures of decision
science, however spurious such distinctiors may prove to be on principle.
A proliferation of decision science,a "faaning out" of variations
specially adapted to different contexts of decision by articulation and
exploitation of numerous methcdological resources: this is our imprese
sion in the large. With the introduction of still another designation,

"management science," we therefore mean to delineate merely the particular
form*? that decision-oriented research has taken under adaptatiosn to the

context of managerial decision making specific to the industrial, military,
and governmental institutions of a society in which cechnological progress

is supported by professional organization end academic programs of

instruction and research. Under this heading ve review, essentially,

11Regrettably it 1s necessary to keep abreast of what must seem an
interminable succecsion of qualifications on terms. We use "management
science" throughout this section in the sense intended by those who
first espoused this designation for a particular professional spccialty
distinguishable from operations research. Our appropriation of this
term for Lroader use as a species=-designation will be reserved to latler
use after some Jjustifi-ation has been offer:a.

04




Just the trend toward technical and theoretical speciglization entailed

by attempts to apply decision science, as a new manageuent technology,
throurghout an advanced industri~ society.l?

The progressive sttitude of American business and industry, the
traditional emphasis on increased productivity and efficiency, and
particularly the familiasr uses of industrial r.igineering studies, served
to meke operational research an activity almost immediately acceptable
to industrial mavagement. In ce_tain respects its application in this
sector seemed particularly promising: the purpose of an industrial
organization is readily definable and measures of effectiveness——in this
case, measures of efficiency, profit, proprietorship, and the like~h=vo
long standing identification. Table 2.2 lists typical subjects of early
successful studies indicating that in a wide variety of applications
operational enelysis could yield impressive yay-off. But one of the most
significant functions of this type of research, namraly, the isolation of
previously unrecognized problems, tended to yield an euwbarrassment of
riches. In each of three major sectors-——optimal allocation of resources,
maximization of effectiveness, operational planning and control-—problems

thet were technically formulable turned out not to be at all tractable

12 One might reasonably attribute advanced industrial status to

all countries that now have OR-related professional societies. This
would include, at least, all the major countries of Western Europe,
Canada, India, Japan, Australia, and Greece. The USSR also is known
to have comparable professionais whose activities are usually subsumed
under economics or cybernetics. We undertake only a provincial view
limited to the U.S.. alone; however, this country is admittedly the
leading exponent of the practice of management science.
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TY. ICAL SUBJECTS'® OF EARLY COMMERCIAL-INIUSTRIAL OR S{UDIES

Inventory Control: Smoothed Purchase and Production Rates
Distribution of Shipments in a Small Mail-Order Business
Effect of Night Openings on Department Store Sales
Deparfment Store Newspaper Advertising

Effect of Promotional Effort on Sales

Optimal Fectory and Warehouse Location

Optimization of Chemical Plant Outputs

Reliability of Airborne Radar

OR in Agriculture: Planting-Harvesting Programs

Strip and Underground Mining Operations

Failure Analysis for Complex Equipment

Traffic Delays at Toll Booths

Influence of Vehicular Speed and Spacing on Tunnel Capacity
Road Safety and Traffic Research

Ore-Handling by Port Facilitieé

Freight Car Distributions in Classification Yards

Table 2.2

13por detailed accownts and bibliographic information on specific
studies under these topics, see McCloskey and Trefethen [3] and Operations
Research for Management, vol. 2, J. F. McCloskey and I. M. Coppinger, eds.,

Johns Hophins Press, Bultimecre, 1956.
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to simple or straightforward techniques of analysis and, indeed, sometimes

not amenable to treatment by any existing methods whatever.

In large measure th;s situation, so different from that experienced
in early military operations analysis, was attributable to a basic dis-
parity between military v. corporate decision systems., Aunong the more
obvious factors of this disparity are (1) comparative hierarchical
complexity of structures, functions, values, norms, goals and (2) com-

parative variability of environment, continuity of experience, degrees

of risk, and efficiency of operations. Table 2.3 outlines a comparison

of these disparate types of organization in terms of such a factorization.

The inference is plain: to undertake continuing improvemeni of opera-
tional decisions ir the highly codified, competitively developed context
of comerce and industry is to enter a new géme-—a less desperately risky
one than the military, but certainly one in which continuing pay-off
demands successively more specialized elaboration and refinement of

methods and techniques. Essentially the shift is toward emphasis on

marginal economic and operational analysis, and thus toward formulation

of rigorously detailed mathematical models, decision theories and
algorithmic procedures «~f optimization. Toward this effect the develop-
ment of prcfessional sccieties and academic programs of instruction

and research contribute by mutual reinforcement, the societies serving

‘to evoke awareness of uultitudinous possibilities for implementation

of advanced decision=-theoretic techniques and university curriculum
development and research tending to produce new professionals oriented

toward the exploitation of technical specialties.
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As early as 1952 operations research was a recognizable componert
of the American business and industrial enterprise, though the profes-
sional nature of this activity was obscured by differences in job
classifications keyed typically to distinctions between production,
distribution, marketing, and sales. Unifying professicnal structure
began to develop in that year with the organization of the Operations
Research Society of America (ORSA). The early growth of that society
is displayed in Figure 2.3; its membership has approximately doubled
thus far into its second decade, and since 1957 it has participated
with similar societies of some 20 foreigh countries in The International
Federation of Operations Research Societies (IFORS).

The Institute of Management Science (TIMS)—a professional society
vhose history is comparable with that of ORSA in terms of growth of
membership, journal circulation, and international affiliations-——was
founded in 1954. The sense of necessity for a society (TIMS) differen~
tiated from its parallel (ORSA) primarily by an explicit management-
decision orientatior might, of course, be immediately regarded as
exemplifying the specializatiocn in decislion science that we emphasize
in this section. The initiation and growth of TIMS does indeed confirm
the tendency toward specialization; but it does so precisely because
the rationale of éhat organization features, along with more technical
aims, the need for counter-emphasis on (1) mutual accommodation of
executive and scientific-advisory roles, (2) adequate understanding and

effective managerial implementation of scientific techniques that must

2-30
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often seem esoterie, and (3) motivation of methodological research on
critical menagement decision problems that, because they can be only
poorly structured, are normally anathema to the scientific purist. Such
a countertrend, while eminently sound in concept, nevertheless makes
headvay cnly ve}y slowly in the face of quite legitimate requirements
for specialization and the overwhelming preference of the scientific
temperament for the more technical emphasis.

Meanwhile, the very locution "management science" has served
admirebly to secure accommodatlion for essentisl tasks of theoretical
development and technological implementation within traditional corporate
and academic departmental structures. Under this head the novel char-
acter of decision science could somehow be construed ac a known quantity.
Research personnel assignment by familiar managerial provinces and
curriculum development within established academic sectors of business
management, industrial engineering, and the l@ke, could thus proceed
under the controls of a respectable professionalism.

At the time of the earliest recognition (1952) of operations
reseerch/management science as an established profession, three univer-
sities (Johns Hopkins, Massachusetts Institute of Technology, and Case
Institute of Technology) were already offering related seminars or
special training programs. Curriculum dzvelopment had proceeded by
1963 to the extent £hat courses of undergraduate instruction were

L]

offered in this area of study by more than 30 colleges and universities.'*

14cf, "Special Report of the Education Committee," Bulletin of the
Operations Research Society of America, Spring 1963 and Spring 196L;

Clarence Lovejoy, Lovejoy's College Guide, Simon uand Shuster, New York,
1961; The College Bluc Book, Christian Burckel, ed., Yonkers, New York,
1962,
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Pioneers in grantiné Ph.D. degrees in operations research were The'Johns
Hopkins University with its.first in 1954 and Harvard University with
its first in 1955; in addition to these, graduate training in OR/MS 1is
now offered by Case Institute, Carnegie Tech, Cornell, MIT, Northwestern,
Stanford, and the state universities of California, Maryland, Michigan,
New York, North Carolina, and Pennsy.ivania.

The mark of established professionalism is always an elaborate
structure of specialized technical capaeblilities. Consonantly the devel-
oping professionalism of management science--supported by concerted
methodolozical emphasis in corporate-industrial, semi-academic nonprofit,
and university research—-has been displayed in a burgeoning collection
of analytical techniques that can be assemﬁled under the genersl rubric

of decision theories and procedures. The entire complex of decision-

theoretic disciplinec may be understood collectively as representing the
maturation in operational research of the general scientific dependence
on abstract, quantitative analogs--usually formal mathematical models—
that admit of interpretation in innumeratle particular contexts of
practical experience. An infantry compsny, an air squadron, a factory,

a sale organization, a traffic control system, a data processing system—
various as they may be in substantive terms--nevertheless are each
characterizable by some pattern of operations. Insofar as subsystemic
sim!lerities ¢f operational patterns legitimately admit‘of a singular
abstract characterization, a given technique of mathematical modeling

and analytic simulation may conceivably prove applicable and fruitful

2-33
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for understa;ding,‘and hence improving, control or design in any'number
of particular instances. The great range anda variability of specilic
applications of decision-theoretic techniques, in fact, makes the output
of applied technical papers in this field the despair even of the bibli-
ographer much less the historian. The usual way of categorizing thisn
complex of technical capabilities is by parent disciplines such as
economics, applied mathematics, or control engineering. For our purpose,
however, the principal research areas of management science serve bhetter,
as in Table 2.4, to distinguish three principal classes of decision
theories and procedures that have been brought well toward maturity

from barely rudimentary beginnings that existed some 15 years ego. As
the most spectacular development in this sector, mathematical progrem-
ming particularly illustrates the tendency toward proliferaiion of
related types of analysis following initial success. Table 2.5 shows

the predominance of variant forms of mathematical programming among
existing algorithmic decision techniques, and Table 2.6~taken from our
technological forecast for managemcnt science (c. 1963)—gives some
appreciation of the combinatorial features of variant decision procedures,
with updated subjective estimates of their comparative stules of advance
relative to an arbitrary scale (0 - 10).

The generalized managerial functions of resource allocation and

"operational planning/control, to vhich this battery of decision techniques

has been chiefly addressed, arc not endemic to commercial-industrial

enterprises alone. These functions, as well as the characteristic
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problems of logistics, scheduling, equipment acquisition by research and
devélopment, utilization of manpower end facilities, are aiso commcn
factors of economic existence for military and governmental agencies,
which in this sense are "big business." By far the most extensive
implementationg of new technical capabilities in management science
have occurred in mananerial versions of military command: for example,
Army logistics and equipment maintenance scheduling; Navy ordnance-
acquisition, as in the POLARIS weapons system development that occasioned
the invention of PERT-type analysis; optimal design and cost-effectiveness
analyses for Air Force continental defense systems. In one extremely
significant prototype-problem—the military managerial experience no
doubt anticipates the forthcoming need of industrial and governmental
administrators for advanced decision models and analytic procedures
capable of treating the r:placement scheduling of entire complexes of
systems simultaneously, as in sectional or national problems of trans-
portation, urban planning, medical services.' One indication of the
leading role of military managerial prc¢hlems is the activity, now of
several years s*tanding, known as the Joint Study Grovo on Military
Resource Allocation Methodology. Despite the purposeful informality
of its organizational structure, this specializea working group has
consistently maintained all the internal technical functions of a full
scale profescional .society.

The introduction of .management science in U.S. Government agencies

other than the Department of Defense has been accepted relatively slowly.
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Recenl developments, however, indicate rapidly increasing emprhasis in
this field. The institution of nonmilitary operationé research groups
in government occurred earliest (c. 1964-5) in the Bureau cf Standards,
Census Bureau of the Department of Commerce, Social Security Aéministra-
tion, U.S. Office of Education (HEW), Budget Bureau, Internal Revenue
Service, and Bureau of Labor Statistics. Early specific applications of

operational research to governmental problems, as noted by the Deputy

Director, U.S. Bureau of the Budget,?® include TVA use of alternative

power socurces to meet fluctuating demands, the Interstate Commerce
Commission's translation of national transportation policies in individual
rate cases, and acceleration of Post Office mail handling operations.
Page [Ref 5, pp. 16-20] reports that a conference in April 1966 disclosed
52 government offices or agencies with operational studies underway; and
he provides a complete list of those agencies with some indication of
problem areas. This new trend in government was brought to the level of
national adminis. "ative policy by President Johnson in his press confer-
ence of 25 August L1y05, when he issued in part the following statement:
This morning I have Jjust concluded a meetirng

with the Cabinet and heads of each of the federal

agencies, and I have asked each of them to intro-

duce a revolutionary system of pleanning, budgeting

and programming throughout the vast federal govern-

ment . . . . Under this new system, each Cabinet

and agency head will set up a special staff of
experts who, using the most modern methods of program

18g8ece Staats, E. B., "Applying Operations Research and the Management
Sciences to the Problems of Government," Management Science, 1l: b,
February 1965, pp. 6-12.
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- analysis, will define the goals of their department
for the coming year. Once these goals are estab-
lisled, this system will permit us to find the most
effeciive and least costly alternative [in] achieving
American goals.

The utilization of management science now extends also into other
public service agencies of local, state, and sectional scope. In the
medical services sector, Flagle, et. al. [11] have reported impressive
work in hospital management at The Johns Hopikins University Hospital.
Related potential areas show at least the beginnings of effective use:
public health, disease prevention, pollution control, traffic accident

prevention.t®

Problems in urban affairs-——law enforcement, waste disposal,
environmental control and design, transportation and traffic control—
generally require at least state-wide coordination; and to this end
several state governments, notaebly California and Colorado, have recently
.supported scientific-advisory studies. Perhaps the most technically
sophisticated effort on a public interest problem thus far is the
Northedst Corridor Transportation Study, Jointly conducted by a number

of govérnment agencies by virtue of its sectional scope. In this connec-
tion Aronoff and Levin [12] of the National Bureau of Standards described
a multistage computer simulation of a network involving aircraft, railway,
bus, and private car transportation for the megalopolis now developing in
northeastern U.5. Interdisciplinary studies combining economic, engineer=-
ing, demographic, end geograp:ic aspects of optimal deéign for future

social~-industrial needs have been required in obtaining relevant input.

180f. Progress in Operations Research, vol. 2, D. B. Hertz and
R. T. Eddison, eds., listed as part of Ref. [L].
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In all public service problems, of course, the practice of manage-
ment science encounters difficulty with the very characteristics of
decision-oriented research that the term "management science" emphasizes:
that is, (1) sensitivity to the sctual exigencies specific to a given
context of administrative decision and (2) consideration of the values
of a client-organization as represented by its responsible officials.
Purposes and goals for governmental or other publiec service activities
are frequently only poorly defined. DPolitical and ethnic faccors, which
the scientist might be prone to regard as extraneous to "rational"” prob-
lem solving, prove to be distressingly significant. Effectiveness
measures, or even more generalized measures of merit for public services,
are difficult to identify unambiguously and particularly resistant to
quantification. .

In the extreme these difficulties sometimes limit systematic analysis
to the most rudimentary cost-effectiveness comparison of alternative.. for
executive decision. However, the full spectrum of technical capabilities
in management science, and the varied applications reviewed here, indicate
that management science must rightfully be construed in terms of (1) a new
technology that increasingly tends toward envelopment of all the major
institutions of practical life and (2) the exploratory development of
novel analytical modes that such a technological advance requires for

its support in formal scientific inquiry.
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Interim Characterization of Mznage-ent Science

3
i

1
2
.

3 - r At this stage we reach i »lateau of development in the science of

management decision, something like an end to the beginning. The matur-
ing of profescionalism rarkeé. ty an impressive range of technical capa-
bilities indicates the completion of at least a distinguishable phase
of growth. Summarization of first-generation characteristics at this
point will admittedly be provisional, but some such half-way house is an
obvious requirement; we must try to provide a reasonally stable perspec-
; tive from which both the confusing past and the unfolding future of

% management science can be comprehended.

. It will not have gone without notice that while we have engaged

at some length as if in reply to implicit questions such as Who does
management science? What has been done? Where and how? What is the
current state of the art?, we have nowhere undertaken any response to
the first question that would normally be raised: What is managément
science? This omission, of course, has been intentional. Premature
ettempts to fix the domain and characterize the essential nature of
manugeﬁent science have created a literary constellation of definitions
whose actual service—though not an inconsiderable one—has been mainly
to disclose additional innovative features of the science arnd its

? _ " relevance in common to a wide variely of interests and approaches extant

r in specialized types of investigation. It is for this reason that we
é have thought it préferable to attempt first the development of an
é intuitive sense of the wﬁéle by a sheer account of many different types
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of problems and practices, theories and techniques of analysis that have
evolved. There is no thought of shifting the burden of specification to
the reader by invoking some vacuous "operational" characterization as a
ploy, e.g., management science is what management scientists do. We
have a responsibility to proffer in turn our own explication of the term
"management science," but short of dependence on some prior intuitive
grasp of the phenomenal complex that it denotes, it is improbable that
any definition could be persuvasive.

Among those practitioners who have varticipated in the experience
of raising and attempting to codify this multidisciplinary sector, our
sense of discretion in the matter of definition will have become instinc-
tive. There is little doubi, however, that discretion will have been
acquired rather quickly even by those whose appreciation of the new science
of management decision may have been based solely on our previous account.
First, the several shifts in nomenclature that have béen noted indicate
that, in terms of content, there are a great many possibilities, each
of which might with good reason be featured. If it seemed promising to
do so, one could construct a two dimensional array of terms, on one axis
listing key substantive terms such as analysis, research, engineering,
science, methods or methodology, and on the other, key qualifiers, e.g.,
operational, economic, industrial, systems, and the like. Practically
every possible combination resulting would then be found in use in some
association with the areas of investigation we have treated under the

LY

term "management science." Table 2.7 lists the principal labels that

2-Lh
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bave had some claim to fashion at one stage or in one phase of development.
Attempts have sometimes been made to differentiate among these as speciél—
1zed but related terms. This is especially common in industry, where
sharp distinctions among JSb specifications are made in order to maintain
a corporate order of dominance. Elsewhere certain of these designations
have been treated as synonymous; fréqﬁently, particular ones have been
used locally as a covering term for all the related activities suggested
by connotation.!?

Second, the‘rise of management science is cleariy marked by successive
eruptions of tension between supposedly antithetical aspects of mode, method,
pProfessional competence or responsibility, and scope of research. Contro-
versies have opened, for exarple, between propcnents of a formalist orien-
tation, in vhich mathematical modelling would be viewed as the only
legitimate role of the analyst, as against other groups of professionals
advocating the empiricist orientation of objective-predictive physical
science or even a synoptic orientation toward treatment of the fullest
rangélof social and political problems under the guise of a frankly artful
rather than a scientific epproach. Other sources of incipient controversy
are recognizable in the tensions we noted between approaches emphasizing
(1) holistic v. marginal analysis, (2) analytic macromodelling v. detailed
simulation and gaming, (3) limitation of professional advisory services to
the formal structuring of alternatives for executive decision ac against
the proffering of a.predictive model or, even further,'explicit recommen-

detions for management decision. In this context of bewildering counter

17We have earlier had cccasior to indicate the arbitrary character
of our own decision to use the tern "management science" in this way.
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{ ciaims, 1t is certainly not surprising that early definitions ot manage-
: ment science have been notable primarily for their extremely short half-
life. It remains to be seen whether a latter day definition, with
discussion of the general method and the unique character of management
science, can even yet attain to a comprehensive characterization. That
the result wiil be at best an interim characterizatiog we can be sure,
inasnuch as it will have been constructed t¢ admit of amplifications
that we already expressly intend.

What Is Management Science? In tne existing literature one has

access to a dozen or sc authoritative definitions of management science

by early commentatcrs—each one different in some respect. Collectively,
the mounting number of distinctions testifies to an extremely rerpid
revision of perspective as additional aspects of decision-oriented analysis,
disclosed initially in specific problems, have teen progressively incorpo-
rated into the general notion of a "science" of decision. In any search

for landmarks, two earlier definitions of operations research would be

b

E obvious candidates due to their enunciation of fundamental innovations

in scientific mission and mode respectively. Morse and Kimball [13] in
1951 characterized operationé research as "a scientific method of pro-
viding executive departments with a quantitative basis for decision
regarding the operaticns under their control." The traditional idealized
detachment of scientific investigation from practical decision ond action
could not, thereafter, be a credible feature of inquiry conducted under

L )

an explicitly adviscry scientific mission. Rumbaugh [14], on the later
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occasion of the 20 anniversary of the Operations Evaluation Group,
defined operations research as the study of "interacticns between men
and things, operating in concert or conflict, concerning present and
future competitive systems in complex fluctuation experience.” Here
the idealized mode of empirical science, i.e., the insistence on
replication of controlled experirents, is disclaimed—not indeed, as
undesirable but as generally unattainable——in management science.

Embodied in many further elaborations on distinetions of mission
and mode—-each of which has at some time been separately codified in
one or another characterizaticn of management science—there are
definitive features which practically all practitioneis would now admit
as common to their resrective activities:

A client who is the commander or manager of an organ-

izational unit involving both human and material
resources;

The <lient's Aecision preblems relating to his goals,
values, policizs, and organizational mission;

A professional contribution to the client's decisicn
vhich may range from assisting the responsible ad~inis-
tration to an outright recormendation for an action-
all agree, however, that the management scientist does
not make decisions for the client, that is, he has no
delegated responsibility. He acts as an advisor.

A method which the professional analyst brings to bear
on the decision prcoblem which purports to lead to better
decisions, i.e., to decisions which increase the client's
chances of achleving his goals. Although many in our
profession call this method "seientific," we shall claim
later that this is not quite apt but that the method
constitutes an important innovatior. in tlie basic mode

of retionality itself—one which the scientist has
learned in part from the manager.

2-48
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The improvenments claimed in the client's decisions

are made at the expense of time (in addition to

payment for professional services).
‘Dispensing with the hope that any succinet definition could cover al}
these considerations unambiguously, we try in Table 2.8 to weld them
into some passable linguistic whole, however unwieldy. It is clear
that no such compendium-definition carn serve effectively as an
immediately interpretablie synonym. We intend it to serve more as an
exercise which, when worked through, will at least fix the scheme of
related ideas that we think important to have in mind as a basis for
detailed comprehension of all that the term "management science"

signifies in our usage.

Genercl Deseviption of Method. The composite method of management

science, as we  ve intimated already, essentially comprises orderly
procedures analogous to those that we have come to associate with
responsible and competent, technical practices in general-—modified,
hOWefer, by certain aspects unique to this newest of the professions.
Described in terms specially appropriate tn management sciernce, these
procedures may be grouped into six categories:
(1) diagnosis of a client's decision problem(s),
(2) formulation of a decision model,
(3) quantification or the model,
(%) identification or selection of relevant measures of
effectiveness, i.e., value-parameters appropriate
to the model, .
(5) manipulation of ‘he model (experimental simulation,

analytical derivation, computation) in a search for
solution,

'18
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(6) commnication of conclusions to the client and, sometimes,
assistance toward their effective implementation.

The basic similarity of this format to that which we ordinarily

attribute to, say, a medical practitioner is quite obvious. With

TR D AT

even the most casual examination of the content of these general
categories in the two cases, however, it is almost equally obvious that
strikingly novel considerations have been introduced in the practice of
management science: for example, formalized cognitive models replacing
expert intuitive grasp of a total problematic situation; encounters
with extremely controversial valuative issues as against the clearly
dominant value of human life; massively detailed and imposingly ex-
pensive programs of multidisciplinary analysis and research versus
the relatively well established rcpertoire of medical therapy; communi-
cation and implementation of recommendations without recourse to the
rather absolute technical authority that the physician usually commands
in his professional relation with his patient.

In view of the injection of so many innovations of practice peculiar
to management science—and significant modificatizns i+ addition to those
suggested will be readily discernable—it will be helpful to have at
least a brief commentary on method specific to management science, under
each of the procedural -...egories above.

(1) Dpiagnosis. We have emphasized in defining operations research
that its practice hinges on specific decision problems. Every analysis
must begin with a statement of the dec'sions being faced. The situation,

however, is nol always this simple. Frejuently the client is unaware

2-51
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of the decision area that is actually most apprcpriate. A classic
example of this situation in diagnosis is given in Thornthwaite's [15]
analysis of the operation of Seabrook Farms, a large-scale vegetable
groving, packing, and distributing company. Thornthwaite was engaged
by the ccmpany to study a labor relations problem brought about by the
necessity for employing large numbers of transient workers during short
veak harvest reaons. These trapsient workers raised numer~vc sceial
problem: among the permanent settlers in the commnity. The client
agked for solutions to these social problems. Thornt'waite did not,
however, apply himself immediately to the indicated problems. Instead,
he identified and solved an underlying problem: the scheduling of
fruition in such a manner that harvests were spread out over a much
lorger season. With employment of a stablie work forqe, the previous
labor and social problems disappeared.

At present there exists no straightforward technique that could be
regarded as an adequate directive in dlagnosis. This stage involves
information gathering and tentative factorizétion of the problematic
situation, performed iteratively with feedback from the next stage (model
building), the whole process comprising a creative act that places great
demand on intuitive insight. It is for this reason that the professional
analyst, by virtue of this very lack of indoctrination, can often produce
a correct diagnosis of a situation to which the client management system
has been blinded by its own bias. In illustration of this effect, Figure
2.4 is a schematic representation of an organization, typically designed

to enable a group of persons to execute collectively a very complicated

2-52
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process of decision making. For this purpose it is structured as a

hierarchy with specialized functions and responsibiiities at each level.

Suppose that, in order to operate as efficiently as possible, each

Shgicon ey

component of the organization is constrained so as to receive just that
type of information needed to perform its function and no other; the

] organizational structure will then be interleaved with information

3 filters (represented collectively as one filter in the figure). A

destructive self-reinforcing situation then becomes all to readily

o S s kb

conceivable: The adequacy of the filter must be judged on the basis
of the information it allows to pass. This information may indicate
E that the filter is properly designed—precisely because the filter
| happens to let through only the kind of information that substantiates
this conclusion—while the organization may be making decisions, on the
vhole, leading toward potentially disastrous consequences that cannot
be detected except by modification of the filter. One of the most
important functions performed by the management scientist engaged in
diagnosis is a purposeful, or even random, relaxation of such organi-
zational filters in order to ascertain whether the decisions being made
are stable under confrontation by additional information that is presumed
tq be extraneous.

The analyst, however, is not immune to the very danger that he

descries. Since any decision model that he later constructs will

necessarily constrain the types of information that are acceptable, his
hypothesis (model) and its characteristic types of "relevant" (filtered)

information may objectionably reinforce ecach other. Against this

2-54
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possibility he must continually bring to bear a self-critical awareness;
but, in addition, he has the resource of bring'ng many viewpoints to
bear through the tecknique of the open conference. In such conferences,
as employed in both diagnosis and model building, individuals with di-
verse claims to expertise and experience are encouraged to relax habitual
constraints of technical rigor and to take a "think-piece" approach to

a giien problem area.

(2) Decision Model. The idealized objective in formlating the
model is (1) to incorporate all those factors which significantly affect
the cutcome of decision (2) without overlcading the limited capacity of
investigators to comprehend and manipulite even a simplified represen-
tation of an actual decision situation. The problems faced usually
involve e very great nuiber of factors with complex interrelationships;
the first necessity therefcre is that the model he kept as simple as
possible. The exclusion of properly ncgligible factors 1s perhaps the
most‘familiar strategem of systematic investigation; it is, in fact, the
prin;ipal strategem that has made objective science possible. For
example, in the Newtonian characterization of the motion of an object
under gravity in a vacuum, this strategem results in a legitimate
abstraction that disregards all of the properties of the object excert
mass and positioh. (Later refinements, of course, did require the
inelusion of other properties, e.g., the distribution of the matter
compromising the object.) Thg management scientist naturally attenmpts
to secure this powerful advantage of sbstraction. All to frequently,

hcowever, the nature of his problem will not admit of adequate representation
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in terms suitable for abstract treatment evén by the formal disciplines
specially developed in the decision-theoretic sector; the main chance

in model building then devolves upon the technique of operational systems
simlation.

The attempt in operational simulation is to design a model each
component of which is the logical counterpart of an important subprocess
of an actual cperation. These components are related in the model by
formal-procedural analogs of operations that occur in the real situation.
The formulation of such models involves the crderly sequential arrange-
ment of these formal operations in the form of a flow chart. Wherever
the operation being simulated involves a stochastic process (for example,
the striking of target aircraft by surface-to-air missiles), branching
is introduced into the flow chart and a particular outcome is siicalated

by making & random selection from a probability distribution of the

 chance factor. One can thus simulate an entire sequence of elemental

actions that result in a particular over-all ocutcome. Repetitions of
the sihulation beginning each time with the same initial conditions will,
in gen;ral, lead to a different ocutcome. From the distribution of out-
comes, the average or‘the expected outcome can be determined, as well

as the probability with which thg expected outcome will be more or less

desirable than any predesignated result.

Operations simulation is rendered feasible only through the appli-
cation of large scale digital computers capable of high speed execution

of the massively detailed logical operations required. To study many
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different factors and the effects of their variation, it is necessary

to make approximately the same number of repetitions—usually of the

order of a hundred--for each correction studied. A complete analysis

of this type, then may very well entail computational demands that

begin to approach what Ashby [16] has termed the "nuuber barrier."

Figure 2.5, after Ashby, presents numbers of elemer.ial operations associ-
ated with various kinds of sequential or aggregate processes; the numbers
are scaled by a rough log log plot. Numbers of operaticns ranging from
10! to 10'® might be termed the "computational range"; from 105 to 10199,
the "astronomical range"; and from 10*°° up, the "combinatorial range."

A simple simulation involving all the details of men, weapons, and terrain
of a battalion-sized unit can, in principle, be loaded on a computer that
is big enough. However, anyone committed to finding the best tactic by
the simple-minded procedure of investigating all the possible histories

of engagements has selected a program involving calculations numbering

in the combinatorial range, e.g., 10%9° _yhich, as Ashby says with notable
undérstatement, is a very large nunber indeed. (The number 10'°° represents
perhaps the actual barrier, since it 1s inconceivable that one could even
approach this number of calculations—let alone exceed it.) Obviously
this is not the way to sclve problems. A present-day computer can prc-
duce 1P calculafions/hr. Thevvery fastest computer foreseeable in the
future of hardware technology may produce sbout 10'5 calculations/hr. The
gap between 1P or 10'® and 105°° indicat:s the futility of any hope for

overcomling the fundamental difficulties of model building by brute fcrece
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of technological development. The number barrier must either (1) be
accommcdated by strict reduction of the scope of decision problems
accepted—a consequence that does not promise much for the future of
management science——or (2) be circumvented by a more sophisticated
methodology .

Two major lines of development that have been envisioned are
(1) creative conceptualization of macromodelling approéches and
(2) heurictic method. The first of these was advanced by Lanchester [17]
as early as the World War I period; and it has been a mode used with some
success in tandem with preliminary operations simulation, as we noted in
describing a continental defense problem studied by Operations Research
Office.'® Heuristic method, also known as "importance methodology," 1s
associated with devising a strategy of search for sulution (ameng combi-
netorial possibilities) that utilizes experience gained to improve the
strategy, so that the strategy becomes more efficient as the goal is
approached. The number of computations ensuring an optimal solution can,
in principle, be reduced to essentially the logarithm of the total com-
tinatorial possibilities, as in dynamic programming. Alternatively,
a strategy of calculation may be pursued that guarantees only an irprove-
menf over the previous "sclution" for the combinatorial model but has a
finite chance of finding the optimal solution.

As in the matter of achieving a "correct" diagnosis, there is no
simple directive for conceiving a decision model that is at once suf-

ficiently comprehensive and corputationally practicable. There do exist,

185ece Military Operations Research (Post War), pp.2-23,2k.
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however, systematic means of testing the validity of a model in the
interest of revision. In the first place, the investigator can de-
termine whether unimportant factors have been inserted into the model.
He determines these through a variation of each factor. If the final
decision is sensitive to this variation, he knows the factor is important
and it must be estimated with great accuracy. On the other hand, if the
decision indicated is indifferent to a large variation of the factor he
knows that its numeriecal evaluation need not be attempted with very great
accuracy. Variational techniques permit the simultaneous analysis of
several factors, with determination of their individual effects.
Occasionally the analyst will find that in order to produce results
that are intuitively acceptable, he must introduce intangible quantities
into his analysis. As an example, in making a comparison of tactical

aircraft in close-support role with artillery, additional intrinsic value

‘might be assigned to the aircraft because of its capability to do reconnais-

sance. The use of such a device, however, is merely symptomatic that the
model has not been formilatea with sufficient scope and generality. Al-
though one does have some indications of the omission of irportant factors
fram his model, there is no means of being completely certain that ali
important factors have been included in the model. This possibility is
inherent in any scientific investigation. As a scientist tests his
theoretical model in the experimental laboratory, the operations analyst
mist test his against historical data.

(3) Quantification. Since the analysis of practical decision provlems

is always stringently limited by the requivement for timely conclusions,
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the iterative process of revision and selection among alternative
schematic models cannot be indefinitely prolonged. At some point
relati#ely early in the investigation, the crucial decision must be
made to "freeze" the current model, accepting the attendant risks of
foreclosure, and to proceed to the determination of numerical coefficients,
i.e., the quantification of the model, so as to convert it from a mere
schema to a specific representation. We have already indicated that part
of this factual content may need to be obtained with great precision,
vhereas other measures may requiie only approximation. In the case oi
an on geing operation, quantification may be achieved empirically by the
conduct of systematic observations under an experimental design or by
acquisition of data already collected and processed by the client. For
an operation in the develcpment stage, one can make use of test data—
but with somewhat less confidence. If the operation is still in the
conceptual stage, there is no choice but to_base estimation of numerical
coefficients on design:data and theoreticai derivations. Invan& case
the.;eliability and realism of conclusions from the model must be assesséd
in terms of the servicability (the accuracy, precision;.accessibility) of
factual 1nformafion as determined by the procedures used in quantification.
The two considerations that are of overriding importance in quantifi-
cation are (1) tﬁe pcssibility of erroneous information andv(2) participant -
or observer bias. With regard to the first, well developed controls
(replication, multiple cbservers, control of extra-experimental variables)

exist as part of standard scientific practice. Observer bvias, however,
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has received mch less attention in physical science than it Properly
demands in the context of social-behavioral inquiry. By "ocbserver biag"
we refer to the effects of an investigator's attitude, attention, psy-
chological set, Perspective, and interest. It ig now generally conceded
that the human observer-particularly in the face orf a very complex
berceptual fiéld-—exhibits & crucial selectivity. fThat is, his attention
fixes as selectively upon those characteristics which command hig inter-
est and sense of importance, automatically excluding as irrelevant others
that may fail to meet his & priori expectations sbout what is to be taken
as a fact. Even before the advent of modern Isychology, Goethe had early
noted that a "fact" ig already a theoryh-meaning, that the very determi-
nation of fact ig fundamentally a decision process guided necessarily by
some preliminary version of theory: about vhat observationg to make,
what standards of measurement to establish, what means of normalizing
off-standard observations.

It is doubtless an unusually harg requirement to Place upon the
management scientist already harg DPressed by complexity: that his sector
of inquiry should he the first to incorporate even stronger safeguards

against unconscious Prejudgement than scientific Dractice has generally

invoked. But the painful disparities that have Occurred, say, between

actual operational outcomes v. thoge anticipated on the basis of spuri-
ously precise quantification of stochastic definite models in terms of
"true" brobabilities, indicate that the assumption of an absolutist

type of objectivity is quite untenable, 1Ip this area above a1l others
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there is a necessity to undertake the quantification of models in terms
that reflect the uncertainty that is inherent in decision making processes—
particularly those "once-removed" processes pertaining to decisions that

mist .ecessarily be taken by investigators in order to formulate theo-

retical models intended for later use in determining practical decisions.
Outside the context of a strictly formalized game, decision making under
uncertainty is the only kind of decision making there is. No test of

a decision model by comparison with experience can do more than demon-
strate the sufficiency of the model so far forth. There is no way of
demonstrating that given axioms are "true of nature" or that the impli-
cations of a given model are "necessary” conclusions with regard to
experience. The uniqueness (completeness) of empirical theories cannot

be established logically by tests for confirmation by experience; the
quentification of a decision model is inevitably subject to provisionality
and uncertainty that should properly be made explicit features of the decision
model prima facle. With regard to effective ways of making these con-
siderations explicit, the utilization of the stochastic indefinite format
constitutes a recognized, though frequently ignofed, means of accommodating
uncertainty. Provisionality is a still more difficult consideration to
mgke explicit inasmuch as the principal sources of blas that make such

a stance imperative are precisely those valuativé prejudgmenﬁs which
scientific investigators are most disposed to regard as off-limits for
scientific discourse. 1In princirle, however, a means for meeting this

requirement too has been advanced, perhaps most clearly in the regimen
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of "axiological specification" as enunciated by Tooley and Pratt:

o o o Striving for an impossible objectivity,
[scientists] have made every conceivable effort to
"include the observer out" of the observed system.
An alternate point of view . . . entails a thorough
reconceptualization of "sclentific objectivity . . . .
From our point of view the 1nvestigator is inextri-
cably involved in the system which he studles as a
participant-observer; he therefore 1s considered
one source of variance among others to be accounted
for within the experimental system. In some experi-
mental systems, depending upon the purposes of the
particular study, it might be desirable to minimize
the investigator's influence by programming his
participation in a highly structured fashion. In
other participant-observer situations, e.g., psycho-
therapy, education, action research, [management
science], the purpose might be to influence the
system under investigation as much as possible, but
st1ll accounting for (though now exploiting) the
variance attributable to the investigator's
participant-observation. The question becomes then,
not kow to eliminate the "bias" (unaccounted for
influence) of participant-observation, but.how to
optimally exploit and account for the relevant
participant-observation variables in terms of the
purposes of the research.

« « « Due largely to the strong influence of classi-
cism and neo-positivism, with its overdetermined
Insistence upon value-free Inquiry, scientists have
for the most part ignored the axiological elements
[implicit assumptions, a priori expectaticns, and

values] . . . that each scientist wittingly or
unwittingly superimposes upon his empirical data and
theoretical constructs . . . . We offer the follow-

ing principle as an effort toward dealing construc-
tively with bias emanating from implicit axiological
assumptions: Every scientist is responsible for
1dentifying and specifiying the assurpticns and values
underlying his investigations and accounting for their
possible effectc upon the outcome of his inquiry. [10]

(4) vValue-Parameters. All decisions involve, at the least, two
types of concepts: (1) * the kinds of outcomes that decisions can lead

to and assoclated probabilities with which these outcomes can occur;
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4 (2) the desirability or value of these outcomes respectively. The
S values of outcomes weighted by the probabilities of dchieving them
determines the course of action to be taken. The decision maker is

alwvays interpreted as attempting to maximize expected value; thus,

A -
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management science—in attempting to assist in the formmlation of
decisions acceptable to the client—must he fully as concerned with H
values as with the probable distribution of outcomes. The analyst
necessarily becomes involved in the crucial selectlon of measures of 3
effectiveness for the actions under consideration.
While it 1s generally recognized that valid measures of effective-
% ness must be coherently related to basic values and over-all geal, a
lack of specificlty usually haunts the level of fundamental value
Judgments. Normally the situation is not unlike that encountered in
problems of ethical conduct, where one may be unquestionably committed
é to honesty as the best policy, while being qulite unclear abcut what action
] (in the present instarce) "honesty" requires. Attempts to identify appro-
F priate value-parameters for a specific decision problem therefore tend to
be addressed to factors less fundamental than basic values. Such factors
mist, of course, possess some claim to be extrinsically related to nominal
ultimate values and goals. Ideally this relation should be expressible
in linearly proporticnal measures, but only with extreme rarity can such
measures be unarmbiguously defined. 1In general the only recourse is to

.depend upon the assignment of intuitive measures of merit as representing

the contribution of actions, programs, strategies, and policies toward




an outcome conceived as preferable.

Typifying the vaiue-conflicts that can immediately arise from this
procedure, The Tank Commander's Dilermma, has become a2 minor classic by
virtue of its pungent realism. Referring to Figure 2.6, a tank commander
has been ordered to proceed through a mine field in order to assist in a
battle that is devcloping in a field beyond. Tiie decision problem
concerns the appropriate strategy of search of mines, and it is com-
Plicated by the requirement that the tank must arrive at the field of
expected battle within one hour if it is to have effect. The commander
knows from past experience that a complete search of a path through the
mine field will consume two hours. In order to traverse the mine field
within one hour, he will have to adjust his search tactics in a manner
that will markealy reduce the prcbability of detecticn. Over some portion
of the traverse there will be a consequent increase in his chances of being
blown up. He recognizes three potential outcomes: (1) he gets through
the @ine field without getting blown up in time to assist the battle—an
cutt;me te which he assigns the highest military value; (2) he gets
through the mine field safely, but conswi:s so much time searching that
he is too lale to ha&e any significant effect on the btattle—and this is
of approximately no military value; or, (3) he may be blown up in the mine
field, in vhich case the militéry value is some negative quantity, since
his heirs must be compensated and his tank replaced.

While the commander is c9nsidering these value commitments, he begins

to look at the problem from the viewpoint of his personal interests. He
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realizes that if he does get through the mine field safely and in time,
he must engage in a very hazardous battle, one in which his chances of
becoming a casualty are appreciasble. Thus, he begins to take a rather
dim view of the military values and devaluates this outcome to something
nearing null value. If he can search very diligently for mines and take
the two hours'necessary for careful search, he not only insures that he
does not get blown up, he also insures that he 1s too late to fight in
the battle to come. This begins to appeal to him and he values that
outcome highest. He agrees with the mllitary experts and operations
analysts, however, that if he does get blown up in the mine field, there
will be some net loss. A specification of the relevant courses of action
possivle to the commander now completes this rudimentary decisior model:
(1) search for mines part of the time at slow speed and risk ba:ging
through at high speed part of the time (or any comparable compromise )—
total time consumed to be one hour or less; (2) search for mines under
normal procedure all the way through—-total.time consumed will then be
two hours or more.

Since the given situation exists simultaneously in two distinct
value systems, and neither of the possible courses of action will maxi-
mize values in both systems at once, the commander faces a problem that,
on 1ts face, is "undecidable" hecause of ambiguity as to which assignment
of intuitive value measures is to control decision.

As an instancé of value conflict, this illustraticn is trivial in

e

that the dominance of one value system could readily enough be ratiocnalized.
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The significance of this example lies rather in the fact that even an
eiementary hypothetical decision problem immediately generates a cascade
of valuative issues (Table 2.9) that are all too realistic, in the sense
that they typify difficulties that in fact seriously obstruct the efforts
of management scientists to secure systematic and warrantable prccedures
for selection and quantification of value parareters. One theme runs
throughout the list of questions comprising Table 2.0: an implicit

demand for coherent relation of valuative considerations associated with:

(l) a range of consecutive situations from immediate state to
alternative "terminal" states,

(2) a hierarchy of organizational units with their respective
missions, goals, strategies, operations, and assigned
resources,

(3) an intersecticn-set of simultaneouély relevant value
systems, and

(4) incommensurable sets of value measures intuitively
assignable to materiel, ordinary ccmmodities, resources
in scarce supply, time, effort, individual lives,
military posture, national welfare, and the like.
While these issues are raised here In terms specific to the tank
commander's dilemma, their relevance to decisicn making in general will
not be difficult to surmise.

The truistic observation that valid measures of immediate operational
effectlveness must be related to ultimate values and goals in a total
situation therefore has a seeming simplicity that is misleading. In
the practice cf minagement science there is at presert no significant

capability for achieving this sine gua non of thoroughly "rational"

decision because the decision theories extant—by virtue of their
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i, ' VALUATIVE ISSUES
(The Tank Commander's Dilemma)

Assuming military values and course of action #l, what is
the crtimal strategy of hunt and barge for the tank commander?

What decision operator applies? Why?

3 How are tge relative magnitudes of values a, b, ¢ and
§ a', b', ¢ determined?

What is the value of one more tank to the battle?
What is the contribution of this battle to the war?
] What are the comparative values of winning v. losing
: states of the war? In "peacefare" v. warfare what

£ national values hold.

What is the value of the tank if it is not available
for this battle?

What is the value (to the enemy) of an hour's delay
in bringing weapons to tear in battle? How are
time factors to be evaluated?

In case of loss of the tank, what is the cost?

In case of loss of life in the tank, wvhat are the
costs? How does this compare with tangible costs
, of the tank?
. What is the value of the tank commander's cwn life in his
self-system? 1Is it infinite? Why not?

Which course of action maximizes military values? Which
maximizes the tank commander's self values?

Which course of action should the tank comnander take?
Why?

F In general, what are the means of resolving conflicts; in
particular, value conflicts between hierarchical levels?

Table 2.9
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scrupulously objective orientation—do not even address such issues as

(1) coherent relation of value parameters, (2) normative procedures for
value measurement, or (3) commensurability of disparate types of value
reasures. While no analyst could fail to appreciate the critical role

of valuation in the decision making process or to participate as help-
fully as possible in exercises of informal reasoning or valuative problems,
an open escepe route too often seems inviting: to load onto the con-
sclence of the responsible decision maker all the qualitative aspects of
decision, along with the significance of everything other than the abstract
objects of a rudimentary model of the decision maker's real-world situation.
As an alternative, the formulation of value-decision theories that would
rationally accommodate valuative aspects of decision making constitutes a
metﬁodological challenge that must be considered paramount for any activity
that could properly be styled "the scierce of menagement decision.” Indeed,
it is by wey of this line of reascning that the methodological orientation
of this volume originated. The original context, to he sure, was an actual
rather‘than a hypothetical decision prcblem, namely, the design of a mixed-
weapons continental defense system to achieve an "optimal" national military
posture (post WW II) at minimal cost. But this tremendous difference in
criticality of problems aside, the Task Commander's Dilemma serves well
enough in motivating a basic metﬁodological objective that (1) stems from

the general necessity for introducing value parameters intc any conmpre-

aensive decision model and (2) establishes our principal line of specific

effort throughout this present work.




(5) Search for a Solution. The last of the technical phases of

research that weiterm the search for a solution is essentially an
optimization process. The analyst attempts to manipulate the decision
model, by adjustment of variables within the constraints imposed, in
such & way as to yield a maximal measure of effectiveness, or equiva-
lently, an extremal value of some "objective function" as an abstract
representation of a goal-state. The similated courses of action or the
analytical procedures which lead to optimization must then be translated
into the terms of actual executive decisions that can be proffered to
the client as recommendations or perhaps as mere inputs to an adminis-
trative decision process. This phase is somewhat more complicated in
gaming situations. A game exists when two or more organized groups
exert divided control over the variables of the decision model, i.e.,
each side will control certain factors independently of the other. The
concepts of the formal theory of games yield straightforward procedures
for resolving conflict of interest situations invclving competitors
acting under certain stylized regimens of "rational" decision under
uncertainty. Most frequently, creative modification of higher-order
strategies or even the caprices of gamesmanship, rather than the rigid
formalizations of game theory, are characteristic of actual decision
situations; and in this event operational simulation is the more appropri-
ate recourse, despite all the attending questions of practicability and
realism.

The entire battery of algorithmic procedures and analytic techniques

that have previously been mentioned in comnection with decision-theoretic
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development applies to this stage of search for ar optimal solution.

Numerous variants of increasingly sophistical mathematical programming
techniques make optimization by far the most rigorously develuped of
all the procedural phases of management science in practice.

Technical virtuosity in optimization, however, is not sufficient
to insure smooth accomplishment of an acceptable final outcome of
investigation. This phase too has its own characteristic pitfall: an
inevitable tendency toward the forcing of a realistic but demanding
problem forrmlation into a form that may be of questionable relevance
but is amenable to familiar teckniques of solution. One then may acquire
] an elegant solution—to some "other" problem. In accepting a client's
; problem, the analyst places himself in the role of an intellectual
impresario, which is to say that he undertakes the design of a total
"performance” that will exploit his own resources for creative and
rational response. As Figure 2.7 suggests, he faces a secoid-order
decision problem of his own coencerning optimal selection among (1) alter-
native strategies of reduction, (2) alternative schematic models, (3) alter-
native parametric specifications, (4) alternative decision algorithms and
operators. In the culminating stage of seuarch for a solution, above all,
it is necessary to remain alert to any indication of inadequacy in the

over-all design of his cognitive response to the client's practical problem.

(6) Communication of Conclusions. When the technical procedurcs of
an analysis have led finally to definite conclusions or recommendations

for proffered courses of\éction, these must be effectively communicated
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j SEARCH FOR A SOLUTION
1 (The Analyst's Decision Process)

(In Preparation)

f See notes svl diagram, NMS, S-28 Sept 6T, on hierarchical levels of
1 objectification.

T Plgure 2.7
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to an executive holding responsibility——cr else the analyst labors in
vain. Only executive authority can implement the proffered recémmen—
dations; the management scientist assumes none of the prerogatives of
the decision maker. With status approximating that of executive staff,
he presents findings for acceptance or rejection. The executive may
agree or disagree with any assumptions that appear as conditions of the
anelysis; he may agree or disagree as to whether all of the requisite
factors have been included, whether the recommended actions are provident
or practicable. The systematic aspects of sclentific investigation, which
constitute the primary advantage of management science in technical phases
of the search for an improved mode of organizational performance, by their
very technicality often represent the most serious barrier to effective
comunication of results. Moreover, to just the extent that such an
approach does succeed in discovering means.for improvement, this may bve
taken as tacit criticism of the existing state of arreirs. For these
reasons the successful communication of results to policy makers becomes
an exercise in the artful employment of imaginative, tactiul persuasion.
The diffidence and detachment that are generally thought belfitting to
the scientific professional can easily become liabilities for the task
of getting his conclusions studied, understood, and translated into the
terms of practical action.

The analyst generally finds that the acceptability of his recommen-
dations involves not only the excellence of his technique, but also the

degree of confidence that he has earned in his relations with his client.

In this it is necessary that he constantly maintain sensitivity to the
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aims and aspirations of the client and to the ethical requirements of
his own privilege& access to the client's information, plans, ana
strategies.

If there is any really insightful analogy betwien the practice of
management scielce and the more traditional professional practices, the
choice would fall upon psychotherapy. Such & comparison would at least .
properly suggest the subtlety and depth of personal interaction between

client and censultant, cooperatively engaged in problem solving that

T

may ultimately entall far reaching modifications of a self-organizing

system.

The Essential Character of Management Science. We have previously

tried to relate management science to more familiar disciplines, emphasiz-
ing particularly those similarities of aim{ systematic method, and intel-
3 lectual resources that would tend to place it in a recognizable framewark
of rgtional inguiry. Now we approach the matter of differentiae, the
essential characteristics that make management science a distinguishable
activity. What, if anything, is unique about the science of management
decision? As a source of clues we can summarize, as follows, the several
novel ajspects that were brought to light incidentally in the course of the
; previous historical abstract:

(1) explicit deiication of effort toward improved organizational

performance by way of rationsl contrcl in practical decision
making,

(2) recognition of the purpose of the operations and the overall
mission and goal of the organization being served,

(3) identification of performance criteria as measures of effective-
ness, i.e., value-parameters defined in terms of goal achieve-
ment or errcr-reduction,
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(6)

(7)

(8)
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increasing distinction between scientific advisory v. executive
staff roles, with insistence on advisory attention to actual
exigencies of administrative decision in a specific problem
context,

injecti a of scientific methods into practical decisior areas
that were virgin territory for systematic inquiry,

recognition of the need to identify and incorporate in explicit
decision models—so far as practicable-~—all the significant
factors of decision, i.e., the requirement for analysis in a
context sufficient in scope to obviate foreclosure by sub-
optimization,

explcitation of modern information processing technology in
simulation, gaming, and massive computational programs of
analysis,

recourse to disciplinary resources of the humanities in addi-
tion to the whole of science and engineering, and finally

overt acceptance of professional responsibilities:

(a) to contribute toward improved executive understanding
and effective implementation of technical conclusions;

(b) to maintain appropriate ethical standards in every
in:tance of privileged access to information concerning
the strategies, policies, plans of a client-organization
as disclosed by consultation with responsible officials.

These isolated features fall rather naturally into threec groups

that yield a more succint specification of what is unique about management

science:

it is (1) a consortium version of professional practice,

(2) prescriptive in mode (because it is a practice), and (3) holistic

in scope (because it was the adoption of a holistic perspectivz that

evoked the consortium). These cryptic terms of emphasis doubtless require

some amplification of meaning before they can convey the full notion

LI

intended here: that management science uniquely constitutes an emergent

consortium (i.e., a novel synthesis of preexisting practices) that enables
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the traditional role of professional practice (i.e., prescription) to

be carried on successfully in the new and more demanding problem-context
of "total" situations (i.e., holistic scope). Romer's Rule'® throws

some light on the significance of this description; but it can surely
have little effect toward justifying our interpretation of what is unique
about management science until some clarification is offered in terms of
the particular novel features ascribed above.

Consortium: Prescriptive Mode and Holistic Scope. The "science"

of management decision'® is clearly not a scienc~ at all in the conven-
tional sense. The classical notion of science connotes investigations
oriented by the aim of securing obJjective judgments, whether formal or
factual, invoking systematic rational control of the activities of de-
scripticn, prediction, and explanation--subject to an exclusion of
valugtive consideraticns that is little short of a stipulation. We have
earlier indicated (cf. p. 1-14) that the decision models and management
science embody significant extensions of the‘'characteristic structure

of objective theories and the procedures of predictive scence by virtue
of the necessity to accommodate values as determinants of decisions. To

regard management science as a consortium of proressional practices is

18¢f, the statcment of this anthropological maxim, p. 2-18.

'9ye shall retain this designation, however, for its service as a
neologism that continually cuggests our preference for an cxtension of
the term "science." Systematic rationally controlled judement in general
conveys the meaning we choula wish to assigh to 'science,  and the usage
of "management scicnce' would, in that event, acquire a thoroughly legiti-
mate status. The institution of any such linguistic change, however, is
an option of the community of discourse rather than our own.
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to impute that it differs from classical scientific inquiry in important
respects given by items 1l-k, 9 above: 1its pragmatic aim, its mission=
oriented advisory concern with practical decisions and organizational
perfcrmance, its acquiescence in purposive goals, its involvement with
clients' values, its ethical strictures. All these characteristics are
subsumed under the notion of a prescriptive (or normative) mode of
inquiry as contrasted with the descriptive-—predictive mode of objective
science. It is important to keep in mind that this contrast does not
imply a replacement of the objective mode by the normative but, rather,
the necessity to embed the objective mode in a more comprehencsive
rational format that can at least meaningfully essay a systematic treat-
ment of valuative aspects of practical decision.

So far forth an explicit responsibility for prescription (the
deliberate recommendation of decisions for action by an aut.onomous
client) does not entail the uniqueness cf management science. The pre-
scrippive mode, as described here, is obviously the common characteristic

v

of all the traditional professional practices. But these concern

precisely the technical domains in which disciplinary compartmentalization

has been developed toward the end of specialized expertise. Management
science, on the other hand, is distinguishable by features given in items
5, T, 8 above: the pursuit of general inquiry as a principal strategy in
probleun solving v. the application of a technical repertoire; the appro-
priation of a wide diversity of technologies; the synihesis of research
leans that are multidisciplinary in the wider sense of incorporating

certain of the humane studies with science and engineering. All of these
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features are encompassed by the characterization of management science
as a consortium. Closely related to this aspect—1literally, the innova-
tion that has mot'vated the development of a professional consortium—is
the one remaining novel feature given by item 6 above. It concerns the
adoption of the principle that the minimal configuration for an adequate
decision model must countenance, in principle, &ll the significant factors
of decision making. From this commitment the tendency toward a holistic
scope in management science has emerged, giving rize in the process to
the rather overwhelming number of diverse interests eand fractional
ropular labels that have rung the changes on terminology noted in

Figure 2.7.

This view of what is unique sbout manaéement science will, perhaps
rightfully, call out a mixed reaction. There seems after all to be
nothing here that is astoundingly new, nothing that we have not seen at
least suggestively presented either in the conduct of systematic ingquiry
or of;artful practical judgment. Yet we have certainly not seen all
these:features presented together nor, particularly, have we seen them
even tentatively institutionalized. It is therefore rewvsonable to
settle finally on this general conception: +the uniqueness of management
science essential;y nconsists in:its embodiment of a social evolutionary
development. Its appearance marks the beginning of yet anotker concerted
attenipt to extend the domain of rationally contrelled judgment; and ics
initial practices therefore inevitably raise fundamental questions, as
yet unanswerable, concerning just what "rationality" entails in the larger
context of inquiry where problems are construed as being sensitirve to

valuative as well as formal and factual aspects of "optimal" decision:

280
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This conception of the tentative emergence of a wore unified, and
more comprehensive version of rationality certainly cdoes not admit of
any immediate justification. A very long time scale will necessarily be
required for the vindication of any such evolutionary interpretation.
Nevertheless, it is already apparent that the new " :ience" of management
decision does represent an innovation by which ‘%e traditionsl separation
of knowledge, value, and action tends to be closed up. Certainly the
earlier cleavage between the detached role of the scientist and the
partisan role of tie executive is disaprearing. Through lne @rs;tice
of management science, the manager is learning something of the applica-
tion of scientific principles and methods to the process of practical
decision making; and the scientist is learning something of the function
of maragerial control of the theoretical development 6f his new science.
For, as we have cuggested under the heading Search For A Solution, the
men2gement scientist encounters entrepreneurial problems of his own. In
atiempting to develop systematic rational control of his prescriptive
role in practical decision making, he discovers that he is necessarily
involved also in developing improvements at the more sbstract level of
metodecisions, i.e., decisions involving selection anong alternative
~ommitments, strategies, policies, modes, techniques, and operations of
inquiry—decisions, in chort, that are involved in attempting to improve
the process anc the results of raticnal thought per se. Only the most
arrent technical provinchalism will allow him to avoid the methodological
issue raised by the fact that his profession can presently claim, at

best, the status of a science-based art. Wwe can pose the issue in this
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question: What has to be done, if management "science" is to become a
legitimate science, i.e., a warrantedly rational, sys£ematic version of
inquiry? Or an equivalent: What creative modifications sre demanded in
"science," if predictive and prescriptive modes of rationality are to
be legitimately synthesized under this singis rubric?

While the idea of such a synthesis and the difficulty of its acttain-
ment are admittedly imposinsg, it does ndt seem at all premature to think
of this as un explicit long raige goai. The symbiotic relationship
between practical decis.on maker (manager) and metadecision maker
(scientist), which we attempt to portray in Figure 2.8, has alreedy
shown that remarkable results can flow from tne intevpenetration f
theory and practice. It remains for us to éxploit to the fullest the
novel realizations that have been fortuitously opened by the emergence
of management science as a typically "conservative" evolutionary irnova-
tion: (1) that systematic inquiry itself is most sdequately construed
as a decision process, arnd (2) that every attempt to employ inquiry
toward the rationalization of practical-operational decisions fcrces
inquiry toward c:eative nodification of its own theoretical-opzrational

decisions in a self-corrzcting, self-amplifying cycle.
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PART II: PROSPECTUS

Encounter the central methodological problem that
presently obstruct:. theoretical advance in

prescriptive scieuce, i.e., the problem of
normative method.

Survezy the methodolegical resources provided by.

existing paradigms of scientific and axiological
inquiry.

Disclose a2 concepntual-methodological impasse stemming

from the histcric institution of fact-value
dualism.

Demonstrate that an escalade of successively more
abstract projects in th. development of
prescriptive science terminates only with the
necessity for reconstitution of primitive
concepts and commitments.

Qutline the strategy and program of philosophical

reconstruction.
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Chapter 3

EXTENSION AND UNIFICATION: PRESCRIPTIVE SCIENCE

So far as our rudimentary eccount has traced the still evolving
F science of mansgement decision, it is evident that its carly methodologi-
cal development has been directed primarily toward attainment of
(1) quantifiable decision models end theories, e.g., macro-
economic r.odels, input-output tables, network flow models,

inventory, replacement, queuing, sequencing, routing,
allocation, and search theories;

(2) sanalytic optimization techniques for overstions research,

' c.g., cost-erfectiveness analysis, mathematical programming,
1 analysis of stochastic processes, micro-economic marginal
analysis; and

(3) computer assisted simulations, gemes, and evaluation-

. review techniques of problem-svecific character: air and
sea lift military logistics, equipment maintenance and
replacement scheduling, strategic nuclear exchange, FERT
and PARM techniques, sometimes as subsidiary aids to
administrative planning but most often as means to improved
operational effectiveness.

(n the strength of these technical rescurces, management scierce presently
affords demonstrated capabilities for solution of optimization problems

that admit of quantitative criteria for the elemental objectives of

neximal effectiveness and optimal allocation—insofar as a suitably
restricted subsystemw of interest can be "isolated," i.e., characterized

independently. Definitive advances have been made regarding problems
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speoifically involving the operational level of decision making, essentielly
the type of decision problem in which the selection of value criterisa,
the factorization of significant vsriables, and the partitioning of a
total decision situation are noncontroversial, thus permitting the use
of the analytic mode of inquiry traditional to both the formal and empirical
divisions of objective science.

A continuing demandé is certainly assured for management science
within limits necessarily imposed by objective scientific methods and
techniques of analysis. It is already clear, however, that the future of
management science is being shaped by increasing demands for improved
rational control of decision making at higher echelons of organization
vhere the reductionistic assumptions of objeétive inquiry cannot be

acceded to with any sense of meaningfulness or realisﬁ.
CURRENT TENDENCIES IN DECISION SCIENCE

Decision problems of the tuype usually designated "command/management"
or "policy-decision" prcblems constitute the heaviest burden of managerial
responsibility., With increesing {requency such problems have gradually
been opened to scientiiic advisory analysis preliminary to executive
decision.

Historically, operations analysis began with the problem of maximal
effect. The typical "client" was 2 military operations officer with
given mission and resources. His objeztive was to approach as closely
as possible the completely successful accomplishment of that mission

under the constraint of his resources. The operations analyst devised

d
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a measure of effectiveness, that is, a vector error signal. With this
measure, and with access to direct observation of the'operation, he

detected any disparity between the results and the intentions of the
operations officer, who could then attempt to devise corrective actions

to reduce error and thereby "optimize" his operation. Operations analysis
supplied a feedback loop from effect to conirol, providing the possibility
of reducing an error signal to its minimum with the obvious ccnsequence

of overall operationai improvement. The practice of many operations
research professionals, particularly in industry, is purposefully restricted
to just this servo-feedback function.

On moving one stage deeper into organizational decision processes,
however, the typical problem of the managemeﬁt scientist becomes the
question of optimal resource alloc. tion. The variatles of the analysis
shift from those of efiects to those of costs. For a constant probability
of accomplishing a given mission, the analyst seeks to minimize the
expenditure of resources. He must face the problem of weighing the
relative costs not only of ordinary commodities but of intangibles:
human lives, time, and critical resources (say, fissionable material) in
such strictly limited supply as to possess some claim to pseudo-intrinsic
value. The relevant analytical procedures are those of marginal economic
analysis, stationary and dynamic, linear and nonlinear mathematical prc-
gramming. The policy-type accounting problems of division of common
costs, amortization and replacement scheduling, assignment of intrinsic
values (slack prices) all enter here for situations susceptible to

marginal analysis. For situations which are nonmarginal (e.g., the

3=




introduction of nuclear armaments in warfare), the structuring of a
decision problem in terms of effects as distinct frcm'costs is itself
a policy decision that is not within the province of objective science;
and here, of course, the limitations of scientific method in administra-
tive advisory practice begin to be asserted.

From the beginnings of systems analysis, yet a third order of
scope in organizational decision problems has more and more frequently
confronted the management scientist. The issue is one that we might
describe as optimal "realization" of the potential of a given organization.
The problem is most succintly stated@ in the question: What mission shall
be elected? In contrast with the operational decision level, where un-
ambiguous goals and noncontroversial criteria of optimality generally
permit well formulated decision models, missions-problems are decidedly
intractable to formal characterization. The clementzl operational cri-
1 teria of maximal effectiveness and optimal allocation appear here in the
] guise of undefined, intuitive issues of optimal policy and optimal organiza-
tion. The context of decision is that of a commander or administrator
concerned, not simply with maximally offective operation or minimal~cost
prograrming, but with the viability of a complex organizational unit
as a whole in a selectvive or competitive environment. In such a context
of total-system responsibility and control, the critical sensitivity of

~ decision to valuative considerations becomes the paramount consideration.

In a strongly polarized hierarchy, e.g., a military command, the choice
of mission for an organizational subunit may indeed be dictated from

higher echelons, and this process repeated in kind through a chain of
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command. However, the more difficult value-sensitive version of the
missions-problem persists at the locally "terminal” level of every sub-
organizational unit where some degree of autonomy and entrepreneurial
initiative have been invested, where the specifics of ultimate objectives
have been left .to the creativity of a responsible agent.

The selection of an ultimate objective or mission consitutes a
fundamental value posit that will necessarily serve as a determinant in
subsequent decisions at every subordinate level of organization. Wherever
such valuative aspects of management decision have been posed as potential
areas for systematic analysis, management science has forcefully eacount-
ered the limitations of the mode of inquiry that characterized its
successful early development.

This standing problem motivates a second phase of conceptual and
methodological development that begins just when the science of management
decision might otherwise appear to have attained the settled status of a
mature discipline of objective scientific inqhiry. In this regard manage-~
ment science clearly is involved in the process of modifying the analytic-
objective mode that has heretofore been the mark of its aspirations. Its
present developument contributes strongly to the e;tablishment of two
current tendencies that have begun to exert considerable influence
throughout behavioral s:ience generally: (1) extension of the scope of
decision-oriented inquiry and (2) unification of this broadened sector of
interest as a new domain bf inquiry characterirzed by aims, concepts, and
methods that are distinct, though not disconnected, from those of the

formal and physical sciences. DBecause these tendencies are not readily
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distinguishable from those that mark the rise of the broader interdisci-
plinary complex known as systems science, management gcience is now
generally thought of as having been merged smoothly into this complex,
along with systems engineering, cybernetics, general systems research,
and general systems theory. In some respects this view is quite accept-
able. Extension of the scope of decision-oriented inguiry is as evident
in certain of the physical system sciences as it is in management science.
In cybernetics, for example, the conceptualization of communication-
control devices as adaptive decision systems extends the range of decision
science toward the mechanistic, while in management science this range
is extended toward the opposite extreme of the humanistic by the incor-
poration of valuation and social organizatidn under the rubric of cognitive
decision processes. In addition, intimations of a unified domain distinct
from traditional inquiry would certainly seem to be drawn as cogently from
the emphasis of systems research on completely general characterization
of behavioral systems as they are from the emphasis of manageument science
on optimal organization and optimal systems control in the specific
context of a social behavioral system. As Ackoff [1] has maintained,
using inventory theory to exemplify the type of cross-disciplinary
synthesis that accrues from the holistic approach of systems research:

[Inventory theory] is applicable to all open systems in which

the exchange of material or energy (and henece information)

with the system's environmen™ is at least partially control-

latle . . . .

This type of theory may be used either (1) to predict
future system performance, (2) to explain past performance,

(3) to explore the censitivity cf system performance to values
of variables defining the system, or (L) to deterumine those
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values of the controlled variables which optimize system
performance. 2

. « . It is applicable to any type of input-output system
to which benefits and losses can accrue. For example, the
metabolic processes of a living organism can be studied as an
inventory process, the operation of a heating system, a com~-
puting center, a documentation center, and the natural water
system of a geographic region. The inputs, outputs, and
system involved can be of relevance to any and every scientific
discipline . . . .

Operations Research [as a sector of systems research] has
produced a number of other theories with similar character-

istics; for example, allocation, queuing, sequencing, routing,

replacement, competitive and search theories. These theories

provide new ways of studying phenomena holistically . . . .

Structural isomorphism between several aspects of these

[bodies of theoryl have already been found; . . . there is no

doubt that higher order generalizations than nave yet been

obtained are forthcoming. ©Such generalizations will reveal

more and more of the fundamental structure of organized

systems.

In view of the abstract generality of systems research, it is clear
that management science must indeed be construed so far forth as one
sector of systems resecarch—namely, the particular version of systems
research that addresses the type-problems of systems analysis, systems
evaluation, and sysiems design associated with the treatment of a social
organization as an adaptive decision system. But this identification
itself indicates that manugement science is a version of systems research
that, by the nature of its special development, tends to reconstitute the
very province of systems science 1o which it belongs. In making explicit

an essential prescriptive function of management science, and its attend-

ant methodological problems of valuative judgmenti, one immediately dis-

closes a trend toward the acquisition of another order of generality
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quite distinct from the generality of objective systems science." A holistic
approach based on abstract concepts possesses generality in the specific
sense of a broad range ¢ interpretability. It is this advantage that
systems science has previously exploited, there being no objects or
events whatever that may not in principle be identified with some abstract
definition of "the system of interest" and thereupcn investigated with
some degree of meaningfulness by objective scientific methods. The
tuestion of broadly adequate interpretability, however, is a separable
issue. The version of holism that confers this kind of generality, of
course, requires the use of charscterizations that accommodate the
broadest range of distinct aspects of the objects or events ¢f interest.
Since it is certainly a tiuism that not all éspects of our interest can
be adequately treated by cbjective scientific methods, this version of
holism also presupposes an order of methodological generality beyond
that of the previous analytical orientation of systems science. A crude
hut effective way of illustrating the intended contrast would be to say:
In systems science we can try to cevise a vay of looking at things such
that everything there is can be regarded in that way; we can zlso try to
devise a way of looking at things such that everything that is there (in
each instance) can be regarded—and it is to be hoped that we might
approach success on both lines of effort.

In concentrating on methodological developments aimed at accommodating
the hierarchy of decision processes and the rultiple aspects (fo mal,
factual, valuative) of optimal decision in ~he context of a social organ-

ization, managemcint ccience iends toward the acquisition of a bolistic
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perspective and a generality of this second kind. Its current tendencies
therefore contribute uniquely to the evolution of systems science, though
here again we are dealing with considerations that were at least conceiva-
ble from the beginnings of decision science. The total-system motif has
always been an underlying theme-—as witness, the early emphasis on the
ideal of encompassing all significant factors of decision in analysis.
The maturing of the prescriptive-oriented component of systems science,
however, has been constrained by difficulties that preclude such rapiad
advances as have veen possible in the core areas of operations reseurch,
where reductionist theories proved to be both feasible and immedilately
fruitful. 1In the latter sections of Part I, these difficulties will be
seen to be inherent in the prescriptive chafacter and holistic sccpe

peculiar to management science as a system science.

MARAGEMENT SCIENCE AS A SYSTEM SCIENCE

With regard to both origin and practice, management science and the
more ;trictly objectivist system sciences have arisen in such close
alliance that any definitive clarification of their relaticnship would
require something on the order of a detailed taxonomy. While there is
perhaps no undertaking that would prove more helpful fcr an appreciation
of what is happening in this sector of science, such a task falls tech-
nically under the competence of cultural studies. We shall depend herec
on the simplest informal classification that will allcw a delineation
of developmental problems in systems seience that are ralsed by the

unique character and tendency cof ~ianagement science.

Cin
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Broadly speaking, the following sectors of systems science can be
distinguished:
(1) Applied
Systems Engineering: investigation of mathematical models that
approiimate physical phenomena; design of alternative machine systems to

accomplish a predesignated behavior; planning and control of construction
for a preferred design.

Human Engineering: specialized systems engineering in which
interest is concentrated on scientifi~ adaptation <2 machine systems to
humzn physiological constraints in order to obtain optimal performance
characteristics.

Operations Research: multidisciplinery modeling and simulation
of existing organizations (man-machine systems) operating in concert,
competition or conflict with others, wiere the aim is identification and
control of operational varameters that optimize organizational performance
under given resources.

Management Science: characterized in detail by the vhole of
Chapter 2; of primary relevance here is the extension of the concern for
optimal organizational performance to include the total context of action,
policy, and organizationesl decision making,

(2) Theoretical

Communication-Control Science: embracing cybernetics and
information theory, the first comprising investigations of the formal

principles of feedback or casual loop control mechanisms in physical and
physiological systems characterized by goal-seeking behavior and t: .
mathematical conditions Tor optimal control, maximal capacity, reliability,
and sophistication in machine simulation of intelligent behavior; the
second identified with the quantification of the concept "information" by
analogy '.ith negative entropy and investigation of the principles of
optimal coding, transmission, storage, and retrieval of information.

Systems Research: co-terminal in interest with management
science but distinguished, as in Chapter 2, by emphasis on objective-
scientific characterization of total-systems in terms of abstract
formalizations, for examplc, input-output models, graphs and networks,
game theory, decision and utility theories, inventory and queuing theories.

General Syctem Theory: as in systems research the orientation
is toward objective-scientific characterization of total systems by
interplay ot empirical and formal (axiomatic) theory constructiion—but
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with emphasis on concrete, holistic (as against abstract, reductionist)
characterization of intuitively significant features of whole-systems
(e.g., stability, informs.tion transfer, control, adaptation) either in
*he sense of (a) generalized physical principles of "organization" or
(b) theoretical models of perceptual objects of traditional interest in
behavioral science (cells, organisms, social organizations, and the like).
It is no simple task to comprehend the inexplicit conceptual basis
that permits such diverse activities to be assembled under a single head-
ing. Represeited here at once are formdl, empirical, and normative
cognitive procedures, practical and theoretical aims; specific and genural
problem orientations; descriptive, predictive, and prescriptive modes of
inquiry; and finally, objects of interest occupying a range of complexity
from the mechanistic to the humanistic. On the face of the matter, an
intuitive notion of a "systems approach" is the only obvious element that
these entries share in common. Nothing could be more indicative of the
fact that this approach must somehow be connecied with a major transition
in scientific perspective. A signifieant conceptual-methodolegical shift
is presupposed by the very suggestion of coherence among these nominally
compartmented sectors of inquiry. The special status of management science

as u system science cannot be readily appreciated without at least a

rudimentary treatment of the innovative characler of the systens approach.

Rudiments of the Systems Approach

The essential novel aspect of the contemporary systems approach is
not given merely by fe~turing the bare noticn "system," nor by any claim
atiributing unqualiried generality to the modern system point of view,
as sometimer implied by intimations that an idealized interdisciplinary

synthesis is conceivable on this basis. The bare concept system, as a
N )
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frindtive abstraction, is perhaps as old as systematic inquiry; and the
generality of this abstraction—as evidenced by its status as an undefined
notion in mathematics and physical science—could not conceivably be
increased. The pristine meaning of system, as a set of elements with a
set of relations defined on those elements, is already so generalized that
any analyzable entity whatever 1s patently admissitle as an interpretaticn
of the term. The innovative aspect of the racent systems orientation
stems rather from productive qualifying connctations that have been
appended, all too covertly, to the bare notion of system: specifically,
connotations that have the effect of assigning to systems the additional
properties of irreducibility and idiosyncracy. Briefly stated, the
egignificance of these two system-proprerties ﬁay be given as follows:

(1) Irreducibility attributes some holistic specification—a protocol

. for synthesis of interdependent components—as an intrinsic characteristie

of anything termed a "system;" therefcre no decomposition in terms of
independent elements can be a complete representation of a system,
Tautologically, the whole is not equivalent to any sum (concatenation)

of parts; a system consists of parts-as-related by a protocol, i.e., a
pattern, plan or rule of composition. (2) Idiosyncracy combines the root
meanings "proper, peculiar" with "compesition, synthesis" to yield a
notion best rendered as "peculiar to, or characteristic of, the synthesis."
When ascribed to behavior, its central impcrt 1s the idea of response
determined in part by intrinsic organizational characteristies (mutual

causal, internal relations) independent of conditions imposed externally
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on a composition as a whole. This, of ccurse, is literally a specification
of the minimally sufficient condition for what we would intuitively mean
by "self-determined" response. Only when this bare notion of seif-
determination is amplified in turn by the attribution of internal agdaptive
control processes do we further ascribe to systems iz coal seeking type
of purposive behavior associated with autonomy. But in general, "idio-
syncracy” attributes to anything termed a "system" a characteristic
response that is consistent with the imputation of at least an elemental
version of normative, adaptive self-determination: namely, the extremal-
ization of some holistic criterion (measure) by variation of mutual
causal internal relationms.

It should be specifically noted that the actual modification of
meaning for the term system, occurring through intuitive and informal
usage in systems research and system theory, is represented only as
"having the effect" of appending these connotations. One does not en-
counté} in the literature of systems research any such explication of
normative aspects of the system concept. Both (1) the categorical demand
for a protocol-component in the specification of a system and (2) the
conception of norm-directed system response as an extreaalizing trans-
formation (a directed transformation) are notions that represent what
seem to us the minimal implications present in expressions actually in
frequent use, e.g., that a system-as-a-whole exhibits equifinality, or
acts as if possessing a goal of its own. Our manner of stating these

principal connotations is controlled by our need for commitments that
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will prove defensible and durable in later use when normative ccnsidera-
tions are accorded paramount importance for prescriptive science. In
contrast, the general emphasis thvos far in systems research has been
constrained by an understandable prec~cupation with conceptual inmova-
tions that do not entail any significant departure from the traditional
eims of objective science. The intellectual promise of the systems
approach is generally assessed merely in terms of the realization that
(1) the way in which entities are organized and (2) the characteristics
of their behavior as organizations are ileas permitting novel modes of
classification and investigation that are cross-disciplinary in scope.
With the acquisition of even this much additional strategic sig-
nificance, however, the concept "system" assumes a status very different
from that which i has traditionally held in mathematics and physical

1

science, In the practice of systems research from its beginnings in

lSince this appropriation of a supposedly pre-empted term has aever
been very openly declared, it is not surprising that the word "system"
should have become a current source of considerable confusion of mean-
ings. The additional connotations noted above yleld a modification of
the traditional notion that might well have been rendered by some such
designation as "organismic system" or simply "organization" (since
every organismic system—even an organism—is perforce an organization).
It is useless to pursue such an issue at this point, however, since
much more than a terminological compromise will ilater become necessary
in developing the concc t system as a philosophical primitive. Perhaps
the sensible course is simply to countenance the appropriation of this
term for the moment on the grounds that it receives only trivial usage
in mathematics and physical scieuce and can therefore easily be spared
for significant use where the need for a potent primitive notion is
extreme, :

=l
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operations research, and in general system fheory from its beginnings in

mathematical biology, this concept has gradually been informally

b s

invested In the role of a paradigm for the representation of unitary
wholes, Here "unitary wholes" refers to the complex but nontheless

individualized conceptual objects ("things” in general)—evoked by

P

involuntary perceptual synthesis—that constitute intuitively primitive
concretions (as against analyticrlly primitive abstractions) with which

all cognition, and therefore all inquiry, necessarily begins. This

4 unwieldly idea, in simpler form, is conveyed with helpful directness
by Rapoport [2]:

E Biological processes are simply too complex to yield to the

E analytic methed....

Convinced 2s we may be that the whole situation [the
behavior of an organism] is "ultimately" describable in terms
of [deterministic trajectories of variables}, this outlook
is all but useless for analyzing the event into its constituents,...
[Rather] we understand the event directly by perceiving wholes....

It follows that understanding cannot be extended beyond
the scope of physical science without introducing concepts
which embody irreducible wholes in place of physically measur-
‘ able variables.... Each of these wholes presents itself
3 naturally, because we perceive it as such. We recognize an
F organism, an individual, a nation; and we assune that under
proper circumstances it acts as a whole....

A whole which functions as a whole by virtus of the inter-
dependence of Its parts is called a system,...

; The conceptual groundwerk that has gone into the gradual renovation

of the mcaning of "system" therefore amountis to the reclaiming of a basic
intuitive notion from the process or abstraction. An alternative
description would be that it amounts to a belated explication of more

of the content of the original intuitive nctvimm. In either case the

crux of the matter is this: +tha?’ the interests and needs of part of

3
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éontemporary science are found to be poorly Jserved by an abstract notion
of system that is radically distinct from the ordinary language and
analogical models native to intuitive intelligence. If one dispenses
initially with too much of the detailed structure of experience in the
interést of securing representationslthat are readily comprehensible, it
is to be expected that sufficiently detailed description—much less fruit-
ful investigation—of the more complicated events in experience will
become impracticable in terms of such abstract representations. As
suggested in the passage quoted above, the complex structure and variable
behavior of organic entities makes them quite intractable %o a radically
reductionistic treatment that depends, as in classical physies, on a
completely idealized dichotomy of the structure of experience into two
abstract domains: incidental initial conditions as against regularities
having the status of physical laws. In these terms mere specifications
of whole organisms as objects of interest would run to interminable

1ength§ and the relevant physical laws of "behavior,"

if indeed they

should become accessible, would be multitudinous in number. A solid
appreciation of this kind of impractiecability is, no doubt, among the
reasons that have led experimentalists in the life and social sciences

to ravor strictly circumscribed investigations of organismic subsystems,
where a limited number of variables can be treated under experimental
control without reference to the imposing questicn of how isolated relation-

ships might be composed into characterizations of wiiwles. Indispensable

as this partitioning strategem is for the acquisition of rigorous
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disciplinary findings, the fractionation of the scientific enterprise
that tends to result from dependence on this strategem alone already
threatens to subvert the principal aim of science, i.e., the acquisition
of a coherent structure of knowledge.

These considerations suggest the possibility of viewing the emergence
of the modern systems approach as the swing of a massive process of ad-
Justment within the community of inquiry. The strategic objective of
inquiry—that is, the overall objective that would constitute a sufficient
condition for the attainment of innumerable specific goals—may be loosely
described as the attainment of a way of thinking that would be both
comprehensive in scope and rigorous in method. The intuitive con-
ceptualization of "things in general" as holistic systems—the way of

thinking apparently native to human perception and intelligence—Zis the

"mode in vhich inquiry begins. It is satisfactorily all-embracing, but

it proves to be riddled by uncritical anthropocentric presuppositions

and stérile or positively misleading conjectures and extrapolations.

With the development of analytic method, first in mathematics and later
in physical science, the naive system point of view (with its crude
analogies, teleological, vitalist, and even mystical "explanaticns")
declines and a concerted swing toward the mode of cbjective science
carries much of rational inquiry before it. Comprehensiveness of the
kind peculiar tc characterizations as abstract systems, is maintained and
with it notable advances in rigér are gained by way of strict formaliza-

tion. Yet something very like overshoot is detectable in this swing
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toward elementalism and radical abstraction. The horns of a dilemma

appear with the belated realization that either (1) the impracticability

of adequately detailed representations or (2) the fragmentation, and even

trivialization, of behavioral inquiry by independent partitioning of
orgaiiismic phenomena would be equally insupportable costs attached to
any rigid insistence on analytic method throughout rational inquiry.

It is against this background that one can sce the modern systems
approach as a return swing from radical abstraction toward a conceptual
basis that may more adequately accormodate the admitted complexity of
intuitive experience. Something nearer the k nd of comprehensiveness
that encompasses multiple aspects of "things,' as they are intuitively
conceived, must be recovered. The return swing, however, cannot simply
reassert the naive holistic apprecach to kno#ledge in abandonment of
scientific rigor. A middle way is required; and the development of a
more highly specified primitive notion or system—obviously a more
complicated primitive—appears as the instrumental change that is re-
quired. Admittedly a sacrifice of simplicity, in one sense, is the
price of accepting this increasc in the complexity of a primitive term,
It is well established, however, that simplicity is properly relevant
only as an overall criterion of scientific investigation. The meaning-
ful test is not vhether the elemental ideas selected are more immediately
comprehensible, but whether the initial choice of a given conceptual
scheme leads toward generally improved comprehension of a domain of

inquiry via theoretical constructions that exhibit adeguate comprehensive-

ness and acceptable rigor at minimal cost in terms of cognitive processing.
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With the attribution of additional connotations, the resulting system-
concept constitutes a conceptual format that is nbt radically distinet
from that of intuitive conceptualization; and yet, uniike an ordinary
language term,it is constrained by specifications of meaning that are
little short of the explicitness of definition. (The closure of dis-
course that would result from employing "system" as a defined term

rather than a primitive would institute a formal version of system theory
that would presumably be simply a special sector of set theory.) On

the basis of this more complicated priuitive notion, the "middle way" of
the modern systems approach constitutes a way of thinking in which it
seems possible to go beyond intuitive conjectures and metaphorical
analogies, to educe cross-disciplinary homomorphisms and theoretical
constructions that sacrifice neither too much of the content of experience
nor too much of the rigor demanded of a scientific regimen,

Only insofar as the rise of the systems approach is properly
identifiable with the seeking of a balanced tradeoff between comprehen-
siveness and rigor will its description in terms of a process of "adjust-
ment" be anything more than an insighiful figure of speech. But in any
event, such a description enables us to identify its essential innovative

feature: an adjustment of conceptual "scale" toward an order of resolu-

tion that establishes unitary wholes as objects of a priori interest

for inquiry. The strategic problems asssciated with changes of concept-
uval scale, and the misunderstandings and controversies that they
inevitably produce among disciplinarians, have been dealt with al some

length by Bradley [3]. One finds in his even-handed treatment of
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successively embedded versions of scientific explanation, from macro to
microtheoretic levels, much that suggests a plurelistic view of science,
which would assign to the systems approach the status of merely one

among many modes of analysis that may "work" for solving some problems

but not for others. This is in sharp contrast with the anticipation of

a possible unification of science—predicated precisely on the synthetic
character of systems-theoretic formulations—that appears consistently
among the intimations of those system theorists who have been willing to
risk preassessment. The possibility of unification is an issue marked by
such ramifications that no informal conjecture—however well grounded in

the experience of scientific practice—can have significant force. Short
of detailed demonstrations of the equivalence, subordination, complemen-
tarity, or incoherence of alternative theoretical structures and modes of
inquiry, no resolution of this issue can be envisioned. In this senssz,

the consideration of possibilities for unification wili comprise one of

the central themes associated with philosophical reconstructi~n throughout
this work. It is important, however, to insist at c.ce that this theme

need not be introduced by invoking any such grandiose idealization as an
unqualified unity of science. A drive toward unification is implicit in

the scientific prospectus; the embedding of supposedly autonomous disciplines
in other more general ones has beern the mark of the most readily appreciated
advances in the hisﬁory of science. Stages of improvement in the compre-
hensiveness, elegance, loéical economy, and pragmatic adequacy of theoretical

structures are recognizable;2 and staged improvement indicates that unifying

®For example, the reduction of astronomy, accustics, ané thermodynamics
to mechanics, oplics to elecctredynamics, and the iupressive wnification of
mechanics with electrocynamics that was brought aboul by rcletivity and
quantun theories. TIurlher wnifications nay well Lo cumerging in such border-
line areas as bio-physics, blo-chaenistry, and psycho-physics.
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innovations can have immediate significance for ongoing strategic selection
among alternative cognitive modes in scientific inquiry. If the system
roint of view does support a claim to provide new impetus toward unifica-
tion, some understanding of the nature of that claim chould properly be

an integral part of even the most preliminary assessment.

While actually cautioning against sanguine expectations for an idealized
unity of sclence, Rapoport presents ﬁhe clearest case for a realistic
contribution based on the systems approach. In a review marked by a rare
sense of historical perspective, he shows that the physical sciences,
during roughly the past century, have been brought toward unified status
essentially on the basis of howomerphic mathematical representations
attainea via analytic method. The followiné excerpts summarize his sub-
sequent description of the quite different basls for ﬁnification represented
by the concept of s system as an organizecd entity:

« « . Quasi-purvoseful behavior can te manifested by an open
physical system that is not necessarily "alive." Since all
living systems are open, we have a conceptual link between
living and nonliving systems . . . [suggesting] a new concept
of the living organism, namely one which. in addition to being
an engine (a device for transforming ener;y from cne form to
another) and a chemical laboratory (a device for transforming
matter from one form to ano“her), is also a decision waking
system (2 device for processing, storing, snd retrieving infor-
mation). The zprarent "purposefulress" of living processes,
especially of behavior, has olways suggested that orgznisus
"make decisions." What was new was 2 set of concepis suscep-
tible to logical (or mathematical) operations, from which the
"purposeful" or "intelligent" aspects of living systens could
be derived. BPesides suggesting nonvitalistic explanations of
these e¢spects of 1'fe, the concept of information processing

o

clarified the role of+"organization" in a living organism.
. + . Systems that are "living," in the coumon sense or

biological sense of the word, share many foatures with systoms
that are not; and these common features derive trom the way
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systems are organized. This suggests a generalization of the
concept of "organism" to the concept of "organized system."

Organized systems include organisms,

« « . Once it is recognized that structure, function,
and evolution (or being, acting, and becoming) are fundamental
aspects of all organized systems, the corcept of organism can
be broadened still further to include, fo:* example, whole
complexes of living organisms plus the inanimate artifacts
functionally related to their structure, behzvior, and develop-
ment. Such are societies, conceived in the broadest sense,

. . . Human social aggregates (families, institutions,
communiti.s, nations) exhibit all the features of urganized
systems.

. . . The analogies established or conjectured in system
thecry are not "mere" metaphors. They are rooted in actual
isomorphisms or homomorphisms between systems or theories of
systems.
[Ref. 2, p. xviii ff.]
I+ is with this much basis in reason that interdisciplinary synthesis

in contemporary behavioral science has lately bean envisioned by enthusiasts.

It is an idea of synthesis presaged by the conceptual range of a notion

of system that connotes adaplive organirzation and suggests the general
relevance of decision-control processes throughout the domain of behavioral
phenomena. Despite all restraints of realism, some sense cof "the zlmost"—
some intimation of a unifiable domain of adaptive systems extending from
simplistic mechanical-chemnical processes through complex irformation process-
ing "machines" (some of which are organisms) tc psycho-social organization—
seems to be an extrapolation that is as seductive to the imagination as

it is premature for considered judgment. While we need not subseribe to
rough handling of such visions as we ourselves share, our attention must

be given to the work of realization that is yct to be accomplished.
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First, the problematic character of norrative {valuative) aspects
implicit in the systems point of view have not received surificient recog-
nition in approaches to cystem-theoretic éevelopment that so far have
taken recourse primarily to abstract characterizations that cculd not,
ir. =~inciple, constitute sufficiesntly comprehensive re>resentations of
unitary wholes, which the term "systew" now denotes linguistically.

Systems are spoken of with holistic intensions; with the notable ca aption3
of the work of Mesarovié, et. ai. [4,5], they have generally been explicitly
objectified only in reducticnistic terms that are patently deficient with
regard to any reasonable correspondence with intuitive attribution of

(1) values as determinants of behavior, and (2) distinguishable types of
norm-oriented processes that appear as potent distinctions in any informal
understanding of purvosive behavior. An "organismic" system-concept so

far permits things of very dissimilar appearance to be thought of consist-

ently as alike in some essential respects; it does not yet provide the
b

®In addition to the selec @ references cited, sce in general the
publications of the Case-Wester: Reserve Systcus Research Center (c. 19€2-
present). It should be specially noied that these works, while specifi:ally
addressing the problenm of modelling normative asvects of systemic structure
and function, do not introduce an organismic systew-concept as a discinct
primitive notion. Rather, they accomnodate intuvitive normative considera-
tions by definition of special-purpose mathematical functlions as formal
analogs of goal-attainment, satisfaction of norms. adaptation, etc., build-
ing up the requisite complexity of the systecw model from original dependence
on the pristine nction of system as a mathematical relation. This alterna-
tive to our own or.ion {philosophical reconstruction of primitive concepts
and commitments for inquiry in general) is an eminently acceplable alterna-
tive—and, in view of its direciness, en immediately attractive onz. Any
possible consideration of long.term preference between the two options
would have Lo await demonstration that disparute capavilities in inquiry
result from alternatlive cholces ot approach, since they may very well
yield equivalent outcoues.
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further necessity of essential distinctions that generste definitive new
categorie= for investigation. The differentiae necessary to an unambiguous
systems taxonony have not been forthcoming; consequently, even the elemental
classificatory stage of systems-inquiry is mwarkeé oy a disconcerting slack-
ness. Seccnd, no such unification as has been envisioned can bhe predicated
on a shift in conceptual scale that introduces unitary wholec merely as

ad hoc constructs that are interpretatle only under some arbitrary order

of resolution, say, ordinary perception. Components of "systems" qualify
as systems in their own right; to be more expiicit, each of the tyre-
systems com%rising the loosely construed "spectrum" from elemental to
sophisticated organization are related, by coumon processes if not as
literal components, to a next-order type chéracterized . .reater conme
plexity. The inherent "embeddedness" gf sy-tems indiéatea that unification
is conceivable only on condition that the systems approach, in terms of
contextually defined unitary wholes, is gencrally interpretable and
effectual throughout the entire hierarcny of levels of resolution in
srientific explanation., While lhis condition may not seem too severe ot
the macroscopic level (e.g., the requirement tnat individual erganisns,

as componants of a social organization, shall be consirued as subsystems),

this approach as a hasis for urificaticn would aisc have to provide

connectivity throughout any legitimate sequence of successively embedded
reductions, such as the one suggested vy Bradley's example [Ref. 3, p. 42]
of the morphologist's "explanation" of species-specific treits of organ-
isms in terms of heredity; the biologist's explanaticn of heredity in

terms of DN\ replication; the blochemist's explanation of replication in
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terms of complementary nucleotide base pairs; the chemist's explanation
of base pairing in terms of hydrogen bonding; and so on—-by way of
molecular physics, quantum wechanics, and analytical mechanics—to inter-
molecular potentials, the wave equation, and properties of space-time.
The demand that ithe system-concept be technically interpretable and
effectual throughout any such connected sequence of contexts makes it
very clear that the actual realization of a definitive and fruit’tul
transition in scientific perspective waits upon the prerequisite of a
thoroughgoing metascientific reconstruction. I.esumably, this will have
to be & conceptual-methcdological reconstruction that forwally institutes
"system" as a basic conceptucl parzdigm—-a way of thinking about things
in general-—that is demonstrably
(1) indifferent to arbitrary levels of resolution or complexity
referenced by a minimal hierarcnical configuration (super-
syster-systen-subsystem) and
(2) capable of acconmodating—by indefinite exiension of this
metatheoretical conf'iguraticn——the particular processes that
characterize the conversion of properties of a given level
of resolution into those of lower or higher order, i.e.,
capable of proviaing the I'ormal siructure of a ccherent
version of multi-level analysis for hierarchical compositions
of systems-withnin-sysiems as conncciable renresentations of

"level-specifTiz" concepiual constructs inat alrezdy bear
established scientific meaning and significence.

The modern systems approach is therefore a study in contrasts. It
introduces a profound innovation: & modification in conceptual formsat
that, when used to reconstitute the objects of inquiry, at least int'mates
that the precently fractured worlé of gcilentific discourse might legiti-
nately be invested with more of the coherence that marks intuitive compre-

hension; but the task of reformalization that it raises now calls for




o

equally prcfound innovetions in the methods of systematic inquiry in

order to sescure—for the novel type of theories required by norm-directed

behavioral systems—the indispensable warrant of rational admissibility.
The origins of the sy:siews Zpproach are as old as the Aristotelian analysis
of multiple t, pes of causal relation; but its effective implementation is
as recent as the rise of the assembiuge of new system sciences with which
this section opened. Its ramifications zre utterly confusing, as the
details of an abrupt evolutionary proliferation always are; but its

central inport seems unmistaxable: 1in cultural develowvment, novel con-
cepts anc novel practices rise together in an iterative, mutual causal
loop trat tends toward successive advances in sophistication. Just as

the idea and the use of a novel tool mutually amplify each other in
successive stages of development, the new conceptions of system-theoretic
inquiry (appearing in cybernetics, systems research, general system theory)
and the new practices of optimal systems design and control (appearing in
systems engineering, operations research, management science) tend to
reinforce each other. And thelr tendency is apparently toward maximal
exploitation of cognitive capabilities in this latest interpretation of

the long-standing goals of vraticnal inquiry: (1) description-characteri-
zation and (2) prediction-explanation of the structure, fuuction, and

evolution of purposive-adaptive systems in general; and (3) prescription-

control of decisions aimed aw optimizing the designs, programs, and
operations of systems (whether physical, social or conceptual) created

specifically for their service toward human ends.
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It is by virtue of the coherence of this cultural evolutionary
problem-context that the loose assemblage of the cystem sciences "hangs
together" despite its present lack of any unified and formally adequate

conceptual-methodological basis.,

Position of Mancgement Science

Not even an enthusiast could responsibly present the existing
assemblage of the system scicnces as a stable interdisciplinary synthesis,
Clearly it can claim a status only somewhat more institutional than the
"invisible colileges" of which one now hears; the notion of a working
symposium on the topic of adaptive organization might te a reasonable
simile, Yet the categorization of systems science that we have presented
does have sufficient structure to add new significance to our view of
management science as a consortium. It discloses one continuing theme
cf developmeni that runs through the applied sector of system science
(systems engineering, human engineering, operations research, and manage-
ment science): namely, the prescriptive role which characterizes all
professicnal practice (i.e., the optimization ol organizational perfor-
mance by improvement of conlrol and/or design) recurs in versions that
are increasingly demanding—in the special sense that additional complex-
ities are successively introduced by expansions of the scope of practice
(hence, admitting new types of issues as additional factors of significance
for practical decision). Appearing as the last entry in this sequence of
successively cxpanded practices, management science occupies an advanced

rofessicnal position—where "advanced position" is meant in the sense of
1Y A D Y
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the "exposed forward posiiion" of an outpost. Except by arbitrary fore-
closure, its mandate cannot be restricted to merely technical-objective
aspects of client-organizational problems; and in attempting to grapple
with total problem situations that may include formal, factual, and
valuative issues at once, its practice properly incorporates the aggre-
gated resources of all the system sciences. It suffers, in fact, from
need of normative theoretical =ud methodological capabilities that have
not yet been even envisioned as goals of systems-inquiry by theorists
who—because of their removal from the siress of irmediate problem
solving—have had no cause to be diverted from preoccupation with
traditional tasks of objective science that‘are even more interesting
for having been recast from the perspective of the systems appreoach., A
forefront nosition falls to management science by virtus of the special
version of holism that marks its concerns, There is no type-problem in
analysis, design, evaluation, or control of systems that may not appear
as a éomponent of the overall problem of optimizing the performauce of
a social organization; and there is no version of system susience that,
when appropriated for appiication here, does not sometimes encounter
more difficulties than can properly be handled.

That management science haé served as a compendium of the resource
of all the system sciences is patently obvious with respect to the level

of applied research and engineering. Many of its major successes, from

the very beginnings of operational analysi<, have consisted precisely in
the adeguate marshalling of mulitidisciplinary techniques of science and

engineering. That the theoretical seciors of system science also have
3-28

182




PRI TR o,

i Bt e e

been exploited as they developed is borne out by our historical abstract;
but, with respect to the communication-control sciences, this is more
adequately justified by tbe account that Page [Ref. 5, p. 25 ff.] gives
of the impact of cybernetics and information theory on past studies of
military communications, intelligence systems, computerized information
processing and cormand-control systems.

One further implication of the forefront position of management
science—and the most important one—is neither quite so obvious nor
quite so readily justilied. It is this: tha* the practice of manage-
ment science, by virtue of its exposure to first confrontation between
the demands of systematie inquiry on the one hand, and the demands of
the full scope of practical decisions on the other, now faces the neced
for theoretical and methodological advances that, by their normative

character resuppose a sicnificant eypansion of the demain of systems
’P ..p = 5 Jf

science at large. This is what was meant in earlier statements (1) that

managenent science contributes uniquely to the evolution of systems
science and (2) that it tends to reconsititute the very sector of science
to vhich it belongs. This concention is by no nmeans generally held even
by practicing professionals in management science, many of whome actively
prefer to place the most stringent limitations on the prescriplive rcle
of their profession. But, as we shall show in the following section,

the needs for scientific advisory assistance in policy-level decision
making are there. They cannot be blinked. They must be handled either

with or without the leverage of systematic rational methods. If the
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choice is to accept responsibility for a professional-advisory response
to those needs, this is also to accept, necessarily, the ensuing challenge
cf trying to develop a rational modality sufficient to meet that respon-
sibility.

The Hierarchy of Practical Decisions. The type of decision making

in which the systematic methods and technical expertise of management

science have had their most authoritative impact is the sector of

operational decisions. Tightly formulated operaticnal problems normally

admit of the application of a decision principle as a prescrihed sequence
of formal operations——the execution of a directive to maximize or to
minimize—for example: "Minimize the expecfed cost of development and
production of a weapons system designed to meet the féllowing specifica-
tions . . . ." Such directives must, of course, te accompanied by a set
of constraints on assignable quantities of material and human resources,
ranges of environmental conditions, and relevant policy restraints. For
the application of decision algorithms, the objectives of the operat.onal
system must be given, the resources and restraints stipulated, the
measures of effectiveness knoim, or at least identifiable as non-
controversial commitments. The technical requirements for problem solving
arise sheerly from ccmplications intrcduced by the presence of multiple
objectives, numbers and types of resources and restraints, their combin-
atory or logical relations, and probabilistic or time-dependent aspects

of the prohlem situation. Under such conditions an impressive battery
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of decision-theoretic techniques can be brought to bear with precise
effect,

In order to convert an actual decision problem into a rigorously
formalized problem, however, those parameters of decision which are
required to be, given or known (objectives, utilities, resources, con-
straints, measures of effectiveness, risk-strategy, tradeoff coefficients,
and the like) obviously have to be established by prior decisions.
Normally such decisions are worked out by cooperation of the analyst
with derision makers at higher echelons cof the client-organization.

But, as our previous observations on practice have indicated, it is
certainly a blazing presumption to suppose that, at echelons of organi-
zation above the operational level, all the relevant strategic and
valuative issues can be definitively resolved. These.issues themselves
give rise to classes oi decision problems—distinct from the operational—
in which the client will further require professional assistance (see
Table 3.1), for only the injection of rational control at every level
of organization could assure both immediate operational effectiveness
and overall viability. This sweeping premise is a truism certainly;
but it does at least unmesk the disconcerting range of intractable
problems (Figure 2.1) that actually constitute the {ick of improving
institutional decisiocns,

The critical feature of this range of problems is a "chain reaction"
increase of decision alternatives that can be set off by the exercise
of creative inteciligence in organizational problem solving. The kind of

freedon that s pecuiilar tc the human cognitive capability opens
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10.

11.

COMMAND AND MANAGEMENT PROBLEM AREAS

Allocation of resources and budgets; determination of

tangible costs (and consideration of intangibles).

Management and budgeting of research and develcpment programs.
Relation of measures of effectiveness to immediate v. long-
range objectives.

Projection and evaluation of technclogical and tactical
innovations.

Design of experiments and/or simula£ion for the produ:tion

of data applicable to future situations.

Design of admissible, meaningful, and practicable models
leading to decision principles under uncertainty.

Extension of practicable models to more complex or more compre-
hensive problems; in particular, the inclusion of a more complex
and realistic set of environmentel conditions.

Improvement in methods of filtering, processing and retrieval
of information.

The cornection of effectiveness analyses with logistic and
economic models.

Analysis and diagnosis of deficienclies of managemeni policy.

Conceptualization of warrantable management models.

Table 3.1
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alternatives of action (operational alternatives) that normally can
be resolved by simulating—if only by mentally “playing out"—their
respective consequences and selecting the action that would contribute
most toward an ongoing program of activity of the moment. At the same
time, cognition opens possibilities for alternative programs that must
in turn be resolved on the basis of their comparative contributions to
some definite strategic objective or organizational mission. But
cognition further opens missions alternatives that can only be resolved
by specific principles that serve, however provisionally, as ultimate
value-commitments; and, while alternative ultimate values are perhaps
only rarely envisionable, there is nothing sacrosanct even here,

The import of this sequence is the realization that cognitive
decisions are inherently reiativistic. Practical decisions (by which

we ordinarily mean operational decisions) can be determined only with

respect to higher order decisions—equally "practical"—that necessarily

involve the selection of values, missions, objectives, policies,
strategies, and programs in addition to, and prior to, the selection

of immediate actions., The full range of practical decisions, and the
magnitude of the task of improving rational control in practical
institutional decision muking, must therefore be understood in terms

of the hierarchical categories of (1) entreprencurial, (2) organizational,
(3) programmatic, and (4), operational decisions given in minimal detail
by Figure 3.1. A logarithmic accumulation of freedom of choice, such

as we have just described, is generally unmanageable by 2 erisis-beyond-

crisis style of decision making., An intultive versicn of the ceniral
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strategy of dynamic programming appears natively in the norm-oriented
application of human intelligence: namely, a massive combinatorial ) ;

array of possibilities is considered "backward" from a valued future

¢ nadeid, ot

state to the present requirement for a particular act. Foreclosure i
of freedom (i.e., decision making), proceeding ia echelon from highest :

to lowest levels of opticns in a hierarchical array, produces a loga-

PESRTRNEe

rithmic reduction in the number of effectual alternatives (hence

practicability)and yet yields a decisiun sequence that is admissible,

"

or even "optimal," with respect to the particular ultimate value commit-

ment just so far as these crileria have been met in each stage of
decision.

This is the basic strategy that is invoked, though of'ten enough
unwittingly, in every instance of the entrepreneurial recognition that
certain values will best be served by the creation of an organization
specifically designed for the prosecution of given missicns and objectives.
From every such inception of an organization, ifts executives are confronted
by subsequent demands for control of decisions-beyond-decisions in this
same pattern, put in their own subordinate spheres of responsibility.
Meanwhile, the creative process—which we originally associated with the
critical precblem of cumulative freedom—may not simply be dispensed with,
once it has initiated a new organization. Conlinuing creative effort,
by its inevitable increase of freedom, does continually reinject the
problem of practlicable control at every level; bul it represcnts the
ind .speasuble means of (1) refinins the struciure and function of an

existing organization through aduptive modification, or of (2) ultimatel
& g s Y
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recognizing that, once again, the demands of the total problem situation

can only be met by the envisionment of a novel type of corganization.

This complex interplay of the counterposed -uses of creativity v.

rationality (freedom v. rational control) indicates that the needs of

executives for professional advisory assistance must be scaled to demands

actually placed on them for optimul decisions in echelon throughcut the

following major sectors of institutional decision making:

(1) Entreprencurial

(2)

(3)

(%)

Conceplual synthesis of innovative corganization: diagnosis
of large-scale situstion in terms of fundomental values
(survival, security, viability, and the like); identification
of strategic opportunities to be exploited, vossibilities

for reduction of threal or stress; initial estimation of
desirability of new missions/capabilities v. their demands

on limited total resources; initial feasibility estimates for
assembly of existing subsystems (individuals, groups, insti-
tutions, disciplines) as an emergent system that will prove
effective and viable in competitive environment,

Organizational

Coherent: organizational desicn: factorization of missions/

objectives Ior subcrganivavional units; design of management
communication/control system; institution of poliey cormit-

ments and performance norms.

Progrermatic

Structuring of gonl-oriented prosrams: =selection of immediate
objectives; contingent planning (acquisition, supply, logistics,
production, training); institution of predictive procedures
providing expactations of fulare performunce and prescriptive
procedures relevant to centinual evaiuation of performances

and adaptive modification of organization; institution of
decision procedurcs yilelding determination of activities and
force levelis, pidgram mixes, allocation of resources.

Operational

Implemenintion and cxecution of prorrams: utilization and

account ol rosources: conducu oif tactical operations and
reporting of resulls,
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When management science is construed as a profeséional activity
that undertakes to provide resources for improved raticnal control
throughout the entire range of a client-organization's decisions, no
leSS'imposing array than this carn give an adequate impression of the
scope of its mission, It is a legitimate simplification to associate
che mission of management science with "optimal decision;™ but it is
a generally misleading one, due to the extreme range of interpretation
permitted by that term. Optimal decision obviously may be expanded—
by shifting the organizational context of decision—to refer successive-
iy to selection among alternatives for optimal response, optimal program,
optimal strategy, optimel policy, optimal bréanization, or even optimal
"realization" of an emergent social organization. While there is per-
haps no decision level or type-problem of optimal decision that has not
commanded attention in the previous conduct of systems analysis and
systems research studies in management science, previous treatments of
valuational and organizational aspects of decision have necessarily been
informal, intuitive, and sometimes even frankly subjective. The technical
capabilities of management science for systematic, warrantably rational
formulation of decision models and rigorous procedures of optimization
have proved adequate for zpplication only to the first rank of decision
. problems: nanely, the problems of allocation of resources and the
maximization of effectiveness in operational decision making. The scope
and complexity of issues of optimal policy and optimal organization are
presently intractable under existing decision-theoretic methods and tech-
niques; and these issues therefore generate a collection of crucial "second~

generation provlems" in management science.,

3-37
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Second-Generation Problems, Figura 3.2 presents an arrey of

d=cision problems of the type usually designated "command/management
problems." They are categorized by levels of decision making in a
typical hierarchy of administrative responsibility; and they are dis-
tinguished from operational problems (shaded sector of Fig. 3.2) on
the basis of their scope and their intractability to formal chacacter-
ization. The elemental objectives of maximal effectiveness and optimal
allocation—which in well formulated operational problems admit of un-
ambiguous, quantitative measures—appear here in the guise of undefined,
intuitive notions of optimal program, optimzl policy, and optimal
organization. The context of decision is tﬂat of a commander or
adninistrator concerned, not simply with the cost-efféctiveness of
an operation, but with the viability and overall effectiveness of a
complex organizational unit in the selective enviromment of zompetitive
goal-seeking behavior. These problems transparently disclose their
requirements for rigorization of the normative (or prescriptive) mode
of rational inquiry inasmuch as traditional s~ientific methods can be
shown to be capable, in principle, of providing only a subset of the
criteria that would be relevant to "rational" controi, i.e., control by
warranted procedures of practical judgment, in the following echelon
of value problems:

(1) interface (value) problems involving resolution of

conflicting program objectives, immediate geals,

activities levels, and resource reguirements among
components of a complex organization;

3-38
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(2) instrumental (value) problems associated with the uptimal
design of organizational structure and communication-
control functions, evaluation of policies and performarce
norms, assessment of alternative management models and
decision procedures;

(3) holistic (value) problems concerning identification of
wltimate values, selection among combinatorial missions/
capabilities, justification of requisitions on limited
total resources, assembly of a total "portfolio" of
balanced activities for attainment of immediate effect-
iveress v. long range viability.

When problems of valuation and organization are posed as potential
areas for the application of systematic analiysis, decision science is
immediately confronted with lim.tations, both conceptual and methodological,
that are inherent in the radical reductiorism of objective science. The
characteristics of traditional scientific method listed in Tcble 3.2

may not be lightly spoker of as "limitations." They comprise the basic

epistemological commitments of the doctrine of scientific objectivity;

and the prcductiveness of science under this -doctrine has been unquestion-
able, It is cnly under a reassignment of first priority to comprehensive-
ness, and thus only with a different aim in view for inquiry, that the
following characteristics of traditional method have been criticized:

(1) Analytical perspective represents a point of view sometimes

termed "objectivation" which uncritically assumes the a Briori existence
of a '"real world" of perceptual objects standing completely irdependent of -
the cognitive agent in a subject-object dicl.otomy that Schrodinger [6] has
castigated as the "peculiarity" of the scientific world view:

It is not trivial that we are dealing here, as I maintain,

with an at first unconscious and incomplete simplification
of the problem of nature by preliminary exclusion of the
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cognizing subject from the complex of what is to be under-
stood . . . . It is this , . . from which the main
antinomies arise, the amazement that the objective world-
picture is 'colorless, cold, and silent,' the vain search
for the [interactions of mind and matter],

(2) Primitive concepts of objective science are purposefully

denuded under the doctrine of wertfreiheit, which holds that the conduct
of inquiry must be neutral in regard to values and that consideration of
valuative content must be anathema on pain of a consequent failure of
objectivity and observability. Insisting that the ultimate office uf
inquiry is to represent an unfractured universe in terms of meaningful
qualities as well as quantities, Mead [7] has objected:

o o o The method of exact measurement of the thysical
sciences has made use of approximations to situations
of ideal simplicity in order to discover the laws of
change in nature. There arose out of this method of
materialism, a view . . . [ir which] the whole qualita-
tive aspect of nature, together with the meanings of
things other than the scientific objects, was dumped
into consciousness.,

(3) Characteristic synthesis of compertmented scientific domains
proceeds laterally by theory-reduction, i.e., by the process of demon-
strating that a generalized structural isomorphism permits the incor-
poration of formally analogous theories., There is only a remote like-
lihood that properties of scientific objects at on. level of explanatvion
can be formally converted in those of subordinate or superordinate levels,
unless methods for handling substructured wholes as such can be developed.
As Smith [Ref. 2, p; 916] has observed, this is a task that objective
science has in the past n;élected; and he therefore urges this need:

. « o« to éevelop principles, not of simple particleg

and their interactions, but of extremely corplex structures
with parts interacting with other parts, on all levels,

3-k2
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and with a hieraichy of interpenetrating substructures
combining to form many levels of interpenetrating
superstructure*, ., . . It would be a marvelous thing
if ecience could put things together, if it could under-
stand more of the transactions beiween units, small
groups, and still larger aggregates. The innumerable
combinations that could exist obviously cannot all be
computed, and the analysis must, at least partly, be
related to the particular structures that lLave come

into existence as a result of the individua. evolutionary
history which is behind any complexity.

An intellectual approach tempered in this way would
be good for human affairs in general, and those who used
it would bYe less isolated than are today's scientists
from the ordinary man who sees wholes and learns to enjoy
and exploit sensed relationships which defy detailed
analysis,

(4) Criteria of admissibiiity have been instituted in scientific

inquiry with the aim of selecting, from a plethora of prcposed theories,
those that are best warranted for use specifically as cognitive models
in description, prediction, or explanation. The essential test for
admisgibility-—after logical relations have been validated—has been
the confrontation of theoretical implications by relevant cbservations.
That a theory shall be at least not disconfirmed by experience is the

sine qua non condition for admissibility; further, the measure of its

"confirmation" is a measure of the warrantability that. may be assigned
to it for use in rational control of factual judgment.

It is immediately apparent that the test criteria and procedures
of objective scientific method are insufficient to establish the warrant-

ability of a cognitive model (theory) for use in practical decision

4See also Smith, C.S., Rev. Mod. Phys., 36, 524 (1964).

3-43

v



il ui i et d i

T D e Ry

making. Decision is a normative (value-sensitive) process and rational
control of this process can be instituted only by way of prescriphive
theories that incorporate valuative as well as factual and formal
considerations. Clearly, one cannot "test" one's values and policies
by comparison of predicted decisions with actions actually taken; agree-
ment in this case wculd merely indicate consistent behavior—which might
well be leading consistently toward disastrous consequences. Nor can
test situations, in the sense of crucial experiments, be conceived in
terms of any isclated state of affairs that would disconfirm given
value-zommitments. Values, policies, strategies, programs are inherently
trend-oriented; thay are expressly designed for overall benefits accru-
ing from trajectories of events that will necessarily encompass incidental
failures and losses as well as successes and gains. Any attempt to
improve decisions therefore begins with the questions: How can values
and policies be warranted for use in practical decision? What criteria
of adﬂissibility would be sufficient to establish the warrantability of
vrescriptive models and theories for use in rational control of valuative
Judgment? |

The prescriptive mode of inquiry emphasizes a realization’that
tends to remain hidden in objective inquiry: that all cognitive models
are to some degree ad hoc, that is, they are warrantable only with respect
to some specific context that is necessarily constrained by commitments
of the investigator. The establishment of criteria and the selection of
strategy for the formulation and ﬁqérovement of a theoretical model

appropriate to the selected context directly involve the creative capacities

3-hY
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of the theorizer as a decision.maker. Fror the objective-theoreiic
viewpoint, this involvement is handled covertly; the strategy for ob-
taining an acceptable model has no formal status. Under a prescriptive-
theoretic orientation, the involvement of the observer-theorizer in a
subject-object dyad must ve openly reccgnized and controlled by cognitive
principles as a necessary condition for any claim to warrantability
whatever. Further, the strategy for converging on an adequate model
must be made an explicit part of the investigation.

Pursuit of these issues of sufficient criteria of admissibility
and adequate procedural control for the formulation of prescriptive
theories ultimately leads into the recesses of logical and philosophical
reconstruction. For the moment we are concerned only to put forward
our conception that, in the face of the limitations of traditional
scientific method, the second-generation prcblems of management science
raise metascientific issues that call for (1) the coalescence of
normative aspects of all the behavioral sciences—as witness, the collec-
tions of relevant disciplines associated with the development of theories
of dzcision, valuation, and organization (Table 3.3) and (2) the exten-
sion of rational inquiry into a distinctive new domain of prescriptive
science that is more comprehensive in context than any that science has

previously essayed.
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Chapter L

SURVEY OF METHODOLOGICAL RESCURCES

The identification of valuative issues as the central concern of
prescriptive sclence dictates & consideration of method in the wider

sense that we refer to by "methodology."*

Analytical techniques and
algorithms applicable to value analysis assuredly must be generated

ultimately; but the selection of an acceptable prototype of raticnal

inquiry emerges as the initial problem. Of all intellectual enterprises,
the attempt to provide a rational basis for value Jjudgment has perennially
proved to be the most refractory for human intelligence. If we are to
place decision systems—with their concomitant valuc cgncerns-at ihe
center of interest in a new domain of research, what mode of inquiry is

to te taken as appropriate snd adequate for a rational treatmwent of the
intractable phenomena that characterize the behavior of such systems?

It is this question which inevitably forces a rudimentary science of
management into an unfamiliar region of metascientific issues and problems.

One intimation is immediately clear: some mocdification of the presently

It is appsrent that this term, as presently used in many areas of
technical-profescicnal discourse, is gradually being degraded to the
status of merely an elegant synonym for method. Against this trend, wve
use it in the original sense of principles for the control or selection
of method.

41

ks att



accepted pattern ¢f inquiry will presumably be a prerequisite to success

in the larger mission which has been outlined and claimed for management

science.
PROTOTYPES OF RATIONAL INQUIRY

In this situation it is a natural reaction to undertake an examinatZon
of successive modificetions of scientific thought which already have sup-
ported a remarkable history of continued success. There is arparently no
such thing as the scientific method, no sudden discovery or unique inven-
tion during the Renaissance or any other age. As Schmidt [1] has shown,
the evidence points rather to.a continuing process of modification which
runs across the entire history of Western théught. This, of course, does
not preclude the fact that, in a given era, certain patterns of inquiry
~ have become stabilized——even to the point of dogma. It was Just the
service of Schmidt's phrase "models of scientific thought" to refer to
thosefstable patterns which have occurred in history end which were
suppo;ed in their time, and for long pcriods of time, to provide the
prototype for adequate explanation and control of any area of experience.
It seems only reasonable to anticipate that an appreciation of this his-
toric process of modification will contribute significantly to present
attempts to asttaln a more comprehensive mode of inquiry specifically
relevant to problems of valuation and decision.

Sclentific Prototypes

Traces of continuous development in the procedures of inquiry are

detectable throughout the history of science. Yet it appears that

b2
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relatively abrupt innovations during certain particularly fertile periods
effectively introduce the salient features with which we are concerned.
Essentially, three basic models—each one a modification of its prede-
cessor—have guided the progress of scientific inquiry: we term them
the (1) axiomatic, (2) empirical, and (3) conceptual prototype m.dels®

of scientific thought.

" Axiomatic Model. Upon the confused welter of uncontrolled prescien-

tific speculation, the Oreganon cf Aristotle (384-322 B.C.)—implemented

by Buclid's Elements of Geometry (c. 270 B.C.)—~imposed an elegant and

orderly classical model of scientific thougnt. At the fcundation of
this "axiomatic" model of inquiry (Figure 4.1) lay a complex collection
of epistemological acsumptions. Aristotle's purely deductive version of
science, which was to bold preeminence for more than a millenium, was
based upon these presupposit’ uins:

(1) that serious and persistent reflection must ultimately result
in the intuitive apprehension of certain "most general" propo-
sitions {archi, or axioms) undenieble in character and there-
fore acceptable to all rational investigators;

(2) that unique definitions {crgenizing concepts) and self-eviden*
premises (basic propositions relating these concepts) were
attainavle by agreement of all persons trained in a given
subject,

(3) that valid procedures of syllogistic {deductive) reasoning
operating on such definitions, postulates, and axioms would
produce necessary con.iusions, 1.e., wneorens which were e
independent of experience yet universally applicable to the
physical worid; and :

2¢f. P. F. Schmidt, ‘"Models of Scientific Thought," American 3cientist,
45, 2, March 1957, pp. 137-150. Despite the injection of terminology,
interpretation, and illustrative figures reflecting our own interests-—
for which Scimidt must not be held accountable-—~the analysis of scientific
prototypes presented here should be regarded as essentially a synopsis of
his earlier treatment of "geometrical, physical, and logical" modes of
scientific thought.
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(4) that the systematic Aevelopment of the entire complex of theorems
possible on this basis would comprise a body of universal
knowledge~—the product of "scientific" inquiry.

AR Rt i

The major obstruction for the prospectus offered by Aristotle was
anticipated even before his own time. Socrates had earlier demonstrated
(in the hard experience of argument with the Sophists) that, with respect
to certain subject matters, it was simply impossible to attain agreement
on the selection of basic assumptions. Th2 key to a partial solution
lay in the prior invention of Socratic dialectic—the admission of hypotheses
into the methiod of inquiry. Euclid, in fact, had already exploited this
method of hypothesis in the form of indirect proof in geometry. But in
the main, the Platonic emphasis upon intuitive certainty effectively over-
whelmed any general tendency to develop the éocratic dialectic. Consider-
ing the whole range of inquiry, the early Greek axiomakic model simply
could not consistently resolve disagreements on incompétible basic
assumptions, and this eubarassment of intuitional riches was the mark of
its ultimate breakdown. Dogmatism and tenacify, supported by authority,
revelation, and mycticel insight, became the inadequate barriers used
historically to hide an intolerable deficiency: the lack of an adequate
decision procedure whereby purported knowledge could be tested and
conflicting claims resolved.

In the long delayed development of the rudimentary natural sciences
instituted by Aristotle, there gradually emerged a decided intolerance of
any deductive conclusion which constituted a denial of observed facts in
experience. By the ‘time of Copernicus (1473-1543), a restricted but

influential community existed for which the conception of science involved

bes
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a thcroughgoing incorporation of a "lost" maxim of Aristotle: that
scientific knowledge must comport with observations in'a given science.
Yet it is clear that the addition of Socratic hypotheses and Aristotelian
empiricism represented an insufficient modification of scientific method.
In the grand debate which arose concerniug the acceptability of the
Copernicen v. the Ptolemaic astronomical theory, a disconcerting realiza-
tion appeared. Science encountered a prime example of the fact that two

different hyctheses, logically quite incompatible, may be equally con-

" firmed by experience. True enough, there existed certain extralogical

considerations which afforded criteria for a choice between the alterna-
tives. By virtue of its superior simplicity and elegance (since the
Ptolemaic theory required ad hoc adjustment); the Comernican theory
seemed preferable; but the demand at the time was for an intellectual
basis for a decision as to which was the true hypothesis and which was
the truly applicable theory. The identical requirement upon which the
purely axiomatic model had foundered now confronted the new "empirical"
sclence, viz., the necessity of achieving some incorrigible tes* for
conflicting claims purporting to represent howledge. Confusion had
rerely been compounded by the additional weight of experimental verifica-

t'orn vhich geemed (N Jus*tif mach of two incompatible hyprtheses. It

was, nevertheless, a sharpened version of empiricism which was to lead

. out to a successful modifiration of scientific method in the sec.nd great

model of scientific thought.
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Empirizal Model. Systematizing ideas and procedvres suggested by

Kepler, Galileo, and PBacon during e century of precursory work, Newton's

Principia Mathematica (1687) struck a new balance betweer tlL: roles of

inductive and deductive procedures of inference. On the one han. sensory
experience—under rigorous controls of precise measurement and careful
generarization—was interpreted as a directive for the formulation of
postulates; the working hypotheses of science need no lenger be limited
to principles derived by purely reflective reasoning (intuition). On
the other hand, mathematical-deductive systems and procedures (carried
over from the prior axiomatic model) were to be employed to derive
theoretical consequences perhaps unforeseen; aad in this promising event,
experiments were to be designed specificall& to test a given thecry for
correspondence of its consequences (predictions) with.facts obtained by
experimentation. The principal assumptions involved in this version of
scientific method (Figure 4.2) therefore were:

(1) that basic postulates were in some ‘manner oxtractable from
observations of phenomena (presumably via inductive insight
though Newton himself used the obvious misnomer "deduction"
to describe this process);

(2) that the postulates specified factual relations among primitive
(undefined) quantitative concests as abstract descriptions of
the reel cnaracier of the natural worla;

(3) that axiomatic cystems of contemporary mathematlcs—considered
as universally valid and applicable to the physical world—
were adequate for derivation of predicted observations and that
binary logic provided rational control of the test of predictions;
and

(%) that the confirmation® of a theory should result from its
correspondence with relevant experimental evidence.

3Christian Huyghens, in his preface to A Treatise on Light (1690),
had clearly foresecn that the testing of theories by their consequences
could only achieve probability, not certainty, as a measure of verifica-
tion. This logical point was lost, however, as we shall note in the
followinzy section.
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It was Jjust the consistency of its correspondence with experimental
evidence that ultimately gave Newionian science its potent claim to
represent a unique schema of explanation directly corresponding to the

structure of physical reality. The classical sciences which were sub-

sequently build up by means of Newtonian method exhibited, even through
the 19th century, such concsistent verification that a crucial logical
point was lost. Knowledge attained under the postulatory model had to

be attributed such high probability that few, if any, actually doubted

agridey el Boo i Do G S o Ll e £ 500 (gl

its certainty. While the comprehensiveness of this model was not thought
to be unlimited (there were, after all, certain areas of human concerns
in ethics, politics, aesthetics, and the like which were simply regarded
as "off-1limits" for scientific inquiry), it ﬁas believed that Newtonian
method was the method of inquiry relevant to any mechanistic system.

It was the fate of adherents of this powerful system of explanation,
hovever, to find that not only its mistaken claim to certainty was
ultimately to be questioned, but even its general applicability. Its
weakness was rooted in the failure, prevailing from earliest scientific
thought, to appreciate fully the status of its deductive instruments
(logic and mathematics) and especially thelr epistemological relution
with empirical observation, inductive inference, and creative (aesthetic)
cognitive processes in any concerted attack on the problem of explanation.

Euclidean geometry had furnished the conceptual frame upon which
Newton cast his postulatory model. The concepts and axiome of this
discipline, along with other "absolute" concepts, had been uncritically

accepted at the metascientific level. Thus, the great expectation of

b9
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rationalism—that ‘unique, incorrigible axioms pecessarily applicable and
true of nature had once and for a.l been attained-—still persisted at

the very foundation of empirical science. Under the pressure of continuing
investigation, this unnoticed imperfection opened to reveal a deep Tlaw

in the postulatory model of inquiry; and the process of modification took
on reneved impetus.

Conceptual Model. A century of progress in logic, mathematic and

physics, beginning with Lobachewski's Theory of Parallels (1840), led to

yet a third revolution in the conception of scientific thought wvhich has
come to fruition only in our own times. The origination of a collection
of consistent non-Euclidean geometries (after Riemann, c. 1850) proved
more than & little disconcerting to the vieﬁ that Euclid's axioms and
postulates were self-evident, necessury truths applicable to nature. The
characteristic conclusion of the 19ta century was, however,_that this
proliferation of alternative geometries constituted purely ebstract crea-
tions of interest only to formal science, while Newtonian physics indicated
that physical space was in fact Euclidean. In this clear distinction
between formal and empirical sciences, the contemporary view of the rela-
tion of mathematics and logic to the experimental sciences was suggested.
Hilbert's work in metamethematics at the turn of the century, with that

of Whitehead-Russell (1910-13), and subsequent developments in symbolic

. logic attributed to Frege, de Morgan, and Carnap, have served to advance

this conception: that it is the task of contemporary formal science to
promote the creation of alternative formal systems in which symbols and

formal statements (axioms) are to be regarded as open to any consistent

4-10
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semantic interpretatioil, as required by the needs of experimental
scientists for relational structures to organize thein empirical data.

But for all this, the Newtonian model still held the field as the
effective prototype of empirical inquiry even through the first decade
of the 20th century. For ardent empiricists, who awaited the verdict
of experience as the test of adequacy of phycical theory, a demclition
of the Newtonian philosophical conception of unique mathematical disci-
rlines necessarily applicable to naturé was soon forthcoming.

Under two great heads, mechanics and electrodynamics, classical
physics claimed comprehension of a tremendous scope of physical phenomeng—
a picture complete but for details, so it might have been regarded. But
there were troublesome aspects in the appérént incoherence of the two
divisions. Newlon's laws of motion and gravitation seemed irreconcilable
with Maxwell's equations for the propagation of electromagnetic energy.

It was the contribution of Eins*:in, in his General Theory of Relativity

(1916), to discover a basis for merging these apparently disparate fields.
Appropriating one of the non-Euclidean geometries that had seemed so
difficult for intuitinn, h~ euereaded in ferwulating the fundamental
equations of an analytical version of mechanics in which the previously
intractable distinction between gravitational v. electromagnetic forces
no longer figured. In this novel format, previouo concepts of space,
time, and matter (or energy) became interpretable as components of a

single formal entity: a unified field characterized by a metrical

geometry of the Riemannian type. This new four-dimensional theoretical

nodel adequately accounted for the traditionally significant phenomena
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in both classical mechanics and electrodynamics. It therefore satisfied
an important extra-logical (sesthetic) criterion tha* Einctein personally
advocated—i.e., systemic coherence among previously specialized theories—
as well as his more technical primitive commitments: (1) formal invariance
of bas:c equations under any continuous transformation of reference systems
and (2) quantitative invariance of the velocity of light as measured with
respect to any member of the equivalence-class of reference systems.

Due. no doubt, to the strangeness of certain of its implications
(e.g., the variation of mass with velocity, the equivalence of mass and
energy), Binstein's conceptual modification seemed at first confounding
to traditional naive realism. Nevertheless, the confirmation of conclu-
sions from his relativistic postulates resulfing from a succession of
painstaking experiments, beginning with the South African observations
pf the 1919 solar eclipse, led within a few years to wide acceptance——at
least for the "special” theory of relativity. In subsequent extensions
of this acceptance, physical geometry-—the'gebmetry of cosmic space——came
to ¥ geverally idintificd wilh one of the supposedly fictional systems
of pure mathematics. In satisfaction of fhe demand for correspondence,
relativistic mechanics was shown to reduce to Newtonian mechanics when
applied to massive bédies at low veloclties; and'Newtonian mechanics,
unless modified by relativistic corrections, thus came to be regarded
as an approximation warrantable only within a limited conﬁext. The
supreme status of the empirical model of inquiry was thérefore diminished
as a rasult of the continuing drive toward comprehensiveness that has

always characterized rational inquiry. And the third great modification

h.12
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of scientific thought—the conceptual model-~began to eémerge as a concep-

tion of inquiry (Figure 4.3) in which alternative foermal schema were to

be utilized under creative, insightful interpretation for the organization

and explanation of the widest possible domains of experience.

In the form of this conception of Inguiry, subsequent decades in the

20th century (c. 1920-1950) received from history a legacy of such Ppro-

portions that tremendous effort had to be expended merely in comprehending

and exploiting its immediate DPotential. A notable revolution of modern

physics, beginning in the 1920's, featured such an exploitation; and the

project of general assessment still absorbs rather completely the interests

and efforts of contemporary philosophy of science. Summarizing with re-

spect to the conceptual model of inquiry as it stood at roughly mid-century:

(1) Factual knowledge was o be attained by the combined employment
of two independent divisions of Inquiry:

(a) formal science—the domain of axiomatic systems—in which
arbitrary logical schema (not self-evident propositions)

were to be devised and nanipulated under the control of
deductive logic, and

(b) empirical science—the domain of explanatory obje tive
==proc8] = : _ ‘
theories—in which alternative formal schema, in terms

of primary inductionsg (hypothetical constructs), were to
be manipulated in order

1. to elucidate purporteg consequences (predictions) of
a theoretical model via deduction, and

2. to test the corrcspondence of predictions with experi-
‘mental evidence under the control of verification pro-
cedures, sometimes Necessarily statistical in chsracter.

(2) Formal (logico-mathemhtical) schema disclosed nothing about the

character of rature; they mevely presented conventional, inter-
‘hally consistent, a priori rationszl ferms devoid of content
until interpreted In some specific postulate vig creative
insight and irductive generalization of experience. Formal

k-13
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conclusions (theorems) were considered neither true nor false

but valid with respect to a particular axiomatic system.

f Neither the consistency nor the completeness of a nontrival

. formal system as a whole was believed capable of demonstration
within the system (after the work of GOdel and Church), and

_ therefore nc such system could be absolute or universal, i.e.,
; unconditional.

E (3) Empirical scientific theories, exploiting an arbitrary struc-

3 turing oi experience, provided some recourze to prediction and
explanation. Accepichle theories were sufi'icient for this
purpose, but they did nc' necessarily correspond to any reel
structure in ncture. Questions as to the character of "reality"
were therefore considered irrelevant for science, since neither
formal nor empirical science could in principle render a deci-
sion on this point.

(k) The elemental procedure of inquiry consisted in

(a) construction of a theoretical model relevant to some
specific domain or context of experience;

(b) testing by experimentation designed to exhibit possible
inadequacies of the theory; and

(¢) modification or reformulation of the theoretical model

% which had been, to the extent of its inadequacies, dis-
‘ confirmed.*
E {5) The cues* for zertainiy wes relinquished; scientific knowledge

! . was a posterior (derendent upon the outcome of experience) and
i probabilistic, though the desire for deterministic theories
and perfect prediction seems to have been retained sub rosa.

() Such knowledge was subject to pragmetic, systematic, and
aesthetic controls; i.e., it must be effective for immediate
purposes of prediction and control, it must ultimately comprise
a coherent philosophy of naturz, and it must prove "satisfactory”
for explanation under extralogical demands of simplicity,
elegance, and comprehensiveness.

(7) Finelly, it was considered to be objective by virtue of public
scrutiny, though it was admittedly relative to some frame of
reference selected by perhaps a very small coterie of experts.

It was generally supposed that exceptional events could "disprove"
a theory; though in fie. 3 where only statistical inference was possible,
the disposal of a theory '~sted upon some u¢rbitrary rejection principle.
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This conceptual model of inquiry obviously represents a subtle and
complex format. It is hardly surprising that, with regard to the rudi-
ments of a new science of management decision, disparate views as to the
application of contemporary scientific method should have arisen: At
the first level of controversy, it i1s apparent that the features of this
method are not thoroughly assimilated—uncritical employment of the .
empirical and axiomatic models are common. On a second level, it is at
least understandable that a questionable assumption should have been
widely accepted even by those who adequately appreciate the subtleties
of the conceptual model: the assumption that a straightforward exploita-
tion of fhis model can be expected to resolve the problem of achleving a
theoretical basis for prescriptive sciencé.' It was, in fact, this mode
of inquiry which directed our own earliest efforts.® Yet the expectation
that contemporary scientific method can adequately treat valuation-
decision phenomena~however strongly it may have been held—must now be
abandoned.

Attention to the history of scientific thought forces one to a clear
recognition that the progressive developmen: of scientific method has
never been accompanied by successful appiication to value inquiry, oc
"axiology" as it is termed in philosophy. And this i1s true despite

sericus and persistent efforts in every historical era. There is no

SStudies in mathematical value theory were initiated informally a:
Operations Research Office (c. 1953) to provide a methodological basis
for a comprehensive deocision medel which would take into account the
military exvenditure of certain intrinsically valuasble entities (human
lives and irrepluceable strategic commodities) ss well as ordinary re-
sources. Reference [2] presents a summary of this development.

I
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reason to believe that we can anticipate better results from a straight-
forward attempt to exploit an unadapted version of the recent conceptual
model of inquiry. In order to justify this conclusion, and its implica-
tions for conteumorary value-decision theory, we undertake a brief
examination of historic models of axiological inquiry.

Axiological Prototyves

The history of axiological inquiry in Western philosophy, while it
is in one sense obscured by even more complex issues than its scientific

counterpart, may be encompassed initially by a relatively simple treat-

ment that takes advantage of an obvious parallelism. The treands exhibited

in Figure b.4t indicate that each of the epistemological innovations that
initiated successive models of scientific tﬁought also led out to subse-
quent attempts to apply the new mode of inquiry tc axiological issues.
Tre difficulties involved in these attempts, however, have apparently
introduced very great time-lags irto this process.

That models of scientific thought, as paradigms of rational inquiry,
should have exerted this influence is guite understandable. It was seen
with considerable clarity, from the earliest encounters (Socrates v. the
Sopnists, c. 440 B.C.) with questiicans of value and decision, that the
attainment of knowledge with respect to values and the institution of
rational control of value Jjudgments represented directives much negded
thrcughout the conduc* of human affairs. It was natural, therefore,
that each prevailing scientific prototype—presumably specifying the
most recent method of attaining reliable knowledge-——should have strongly

influenced parallel attempts to formulate a comparable axiology.
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Parallel Models. As a first approximation, then, one can characterize

the history of axiological inquiry by means of the same prototypes that
were identified jn the history of scientific inquiry. It is important to
note, however, that only the axiomatic model instituted by Aristotle

(Nichomachean Ethics, c¢. 335 B.C.) vwas destined tco achieve an effective

and durable application of scientific methoé to the field of axiology.
The influence of his method reappears to affect scholastic thought

(Thomas Aquinas, Summa Theologica, c. 1265) and to direct the culmination

of axiomatic ethics (Spinoza, Ethics, 1677, which is essentially couched
in the formet of Euclidean geometry). Beyond this, the effect of the
axiomatic ethical model persists even in modern social systems, e.g.,
the familiar phrase "We hold these truths to be self-evident . . ." plays
an important role in our own Declaration of Independence.

The empirical model of inquiry similarly engendered subsequent
attempts to apply a scientific innovation to value theory. Impressed
by the apparent power of empiricism as an originative source of knowledge,
the English hedonistic school (Locke, Hutcheson, and Bentham, 17%8-1832)
initiated attempts *o found a system of ethies in which the fundamental
principles were to be supplied by the various sciences. Extending this

ambition, Mill (Utilitarienism, 1861) and Spencer (Principles of Ethics,

1879) sought to bring to a study of man the empirical wethods derived
from Newtonian sclence. Thelr effort presaged by Comte's positivism—
especially his feature of a descriptive stage of inquiry—and Marx-Engels

(The Cowmunist Manifesto, 1847), was ultimately overrun by Marxian social

theory, which has been received as a "universal deseription" of historical
2
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process. Sometimes it is the well established conclusion of contemporary

fi philosophical criticism, however, that & fictitious impression of accuracy
and precision has been generated. It is not surprising that, whatever
the scierntific intentions of its founder, Marxism has developed into a
new religion—which Comte foresaw and tried to establish. Authoritative
dogmas, new revelations, a cult of saints, and all the apparatus of
worship have clearly ensued.

The adoption of a more legitimate version of the empirical model

E issues from contemporary pragmatism (Dewey, Theory of Valuation, 1939)

and positivism, e.g., Rapoport's Operational Philosophy (1954); here the

Q attempt has been to construct value-postulates in terms of a number of
"invariant human needs." However, “he extreme variations of human
motivation and behavior in both individuel and soccial contexis, the
problems involved in measurement of values (as emphasized by Churchman

(Prediction and Optimal Decision, 1961)), and the difficulties of

statistical procedures for confirration of theories in the so-called
"value-sciences" all combine to form obstructions—even in the present
day—to the successful application of empirical method in value inguiry.

As we shall maintain in a later section, even the most gratifying vrogress

in inquiry under this method would doubtless fail to provide an adequate

e it st iin

rationale for valuation and decision. In an earlier publication [3], we

E have pointed out the inadequacy of a postulatory science of value which

structures its domain of inquiry in terms of the thesis thet decisions
imply values, ignoring the prescriptive aspect in which values imply

decisions.

4-20
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The adoption of the conceptual model for an axiology has apparently
not presented any ereat appeal for value theorists. It is characteristic
of this model that its use requires an unusual level of synthesis. Since
the analytic philosophy of the 20th century has not, in general, continued
the earlier interest in systematic theories, the vast challenge of attempt-
ing a comprehensive theory of value (in which the conceptual model would
provide the most promising format) has seldom been taken up. There are
historic attempts which provide very strong support for such a project,

e.g., Hegel's Philosophy of Right (1832) and Whitehead's Process and

Reality (1929). Rigorous attempts to apply the conceptual model, however,
have consisted of reductionistic theories which treat some single saspect
of valuation within the strict context of one of the value-sciences, e.g.,

Debreu (Theory of Value, 1959), a formalistic theory of economic equilib-

riuwm in which the form of the analysis is logically independent of its
interpretation in terms of a price system or, more generally, & value
funct#on defineé on a comnodity-space. This constitutes the nearest
approéch we have yet seen to the use of the conceptual model in value
inquiry and this, by the admission of its author, concerns but one frag-
inent of the field of value theory.

From the perspective of thé primitive view that scientific prototypes
have provided putative models for value theories, such is the history of
the development of axiological models; and it is a history generally
marked by abject failure to accommodate the dual demands of comprehensive-
ness and rigor. It will be an unusual reader, however, who has not

detected—before this point was recached—that this simplistic perspective

421
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does not do justice to the history of value inquiry. There exists, of
course, a second historic train of development which is relatively inde-
pendent of that evuked by scientific models of thought. Stemming from
rational prototypes which had nc fruition in scientific inquiry after
the advent of empiricism, this line of development in axiology provides
the theoretical basis for those vaiue structures which have actually
been effectual in controlling the greater part of social practice through-
out history. The general fai.ure of scientific models to generate compa-
rable axiological models does not indicate that no theoretical control
of values has ever been exerted. It indicates rather that alternative
axiological models have been utilized.

It appears, indeed, that one seminal pr;totype recurs in nmany
guises. This model of inquiry-—which we term the "idéalistic model"
in its original form—apparently subdivides historically in (1) a non-
rationalistic,® theistic version (a "revelatory" model) end (2) & human-
istic version (& "prescriptive" model). It is possible to acquire, frem
even the most cursory investigation of these axiological structures, a
realization that has important bearing cn the construction of a rationale
for valuation and decision. To this eud, we present an elementary account
of successive modifications of the idealistic model of axiological

thought.

8We need to emphasize here a distinction between nonrational and
irrational, turning upon the difference between anti-intellectualism
v. the malfunction of intelligence.
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Idealistic Model. Knowledge concerning values and "appropriate”

decisions, as we have suggested, constitut=d a primal objective of
systematic inquiry from its earliest inception in Greek phkilosophy. On

this point there was general agreement, but agreement was prone to begiu

and end just there. For in Socratic times a naive confidence in the
human ability to attain knowledge had been shattered. ‘Stemming from a
widespread cultural malaise produced by Athenian losses in the long-
drawn, bitter struggles of the Peloponnesian Wer (431-kOk B.C.), the
radical skepticism of the Sopnhists marked a failure of nerve that
amounted to a catastrophis "crash" of the aristocratic value system of
early Greece. Social, political, and moral standards, previously based
upon traditional virtues of arrete (personal‘excellence) and sophrosyne
(valanced interests and self-discipline), dissolved uﬁder successive
attacks of relativism, conventionalism, and opportunism.
Epistemology—the problem of knowledge—was the source out of which
the radical Sophistic criticisms arose. An carlier society had known—
without any particularly hard thought on the matter—what constituted the
good life aﬁd what courses of action prudence and honor dictated to
reasonable men. But the hard fact was that the decisions of such honor-

able and reasonable men had led the Attic world to disaster.

The Sophists, as mea of admittedly high intelligence and considerable

' concluded

critical faculty examining the basis of this prior "knowledge,'
that there existed no prilciples, either of knowledge or morality, that
were independent of the natural impulses and dispositions present in

particular men, nations, and times. By equating knowledge with perception,

4.3
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and thereby assigning equivalent potential for individual varisbility,
illusion, and error, they were ultimately led to thc premise that no
such thing as authoritative knovwledge was possible. On the strength of

their skeptical maxim (that nothing could be known), force became the

sole authority; conventionalism (one man's belief is as good &s any
other's), cynicism, and radical individualism became the general direc-
tives of decision and action.

From the social melee that soon ensued in Greek society, Plato
emerged as fhe aréhitect of a reconstruction of oréer and ethics—much
as Aristotle served in the cause of science. With his theory of forms
(the later Dialogues, ¢. 360 B.C.), Pl:to Instituted the idealistic
model of axiological thought which, in sevefal variants, has influenced
practically every subsequent value system in Western history. 1In its
original rationalistic version, the idealistic model (Figure 4.5)
systematics the following commitments of a philosopnical dualism—a
dichotomy of form (concept) v. matter (content), or conceptual v. percep-
tual "objects."

(1) Epistemolocy. The indeterminism or relativity of knowledge
(Cf. Protagoras) attained through senscry experience was accepted.
Physical science was therefor¢ impossible, since there could be no

permanent object of physical knowledge independent of opinions and

. perceptions of particular observers. But since virtue was to be identi-

fied with knowledgeable action (Cf. Socrates), there must exist a wholly

different source of this form of knowledge.
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IDEALISTIC MODEL

(Theory of Forms)
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In preparation. .

Figure 4.5
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(2) oOntology. Reality as the object of knowledge must, thérefore,
be immaterial—of the nature of ideas. Thus, class-concepts (forms or
ideas) comprised ultimate reality. Immateriality was not equated with
spiritist or psychic phenomerna; the emphasis was placed on the logical,

conceptual character of forms as imparted by reason to the human mind.

Ideas constituted a second (or actual) domain of reality related to

physical appearances in the same manner as that which is permanent and

universal in the.world (Cf. Parmenides) is related to that’which is
changing or beconming (Cf. Heraclitus).

(3) Methodology. Attainment of the forms was to be accounted for
by a rationalistic principle: that knowledge of reality is innate to
the human mind. In contrast with the creéti?ity presupposed in Socrates'
induction of universal concepts from the "common element" of diverse
opinions, the rationalistic method featured a process of "reccllection"

of what was inherently present in the mind. Logical relations between

the forms were to be delineated by the division of class-ccncepts into

species under the control of possible v. impossible unions of particular :

concepts (a precursory version of syllogistic reasoning).
(k) Metatheory. ree relstions of forms to phenomena were identified:

(a) Imitation: the class-concept as a logical ideal is
approximate¢ in material entities; between a world which
permanently exists and a world which is in process of
becoming, there exists a relation of archetype to covy.

A St

g

1 (o) Perticipation: the individual thing partakes of the
universal essence represented by the form for its class.

(¢) Presence: in the process of change, a forn is present in
f - any "thing" possessing the properties of class mermbership.

426
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(5) Theory. 1In a hierarchy of forﬁs; "the good" was established
as supreme, directing all action in nature and bringing about the
realization of all other forms. This concept was not defined except
insofar as if was posited in relation to all of reality as an absolute
goal. The subordination of all other concepts to that of the good was
teleological—~in terms of means to one ultimate end—rather than logical.
All action and change irn nature and ir men took place for the sake of

realizing the good, as was Indicated by the fact that preparatory

activities, such as joy in the beautiful, development of knowledge and

& ' artistic skill, understanding of mathematical relations, and appropriate i
ordering of practical life, typically culminated in the apprehension of

the good.

: (6) ldeological Applications. With regard to the fundamental

destiny of men, the good represented the end (telos) which the phenomenon

P b

of life in society was to fulfill. The practical cbjective of human life,
therefore, was moral education—the entire organization of community life
was to be directed toward achieving this end (Cf. The Republic). Follow-
~ ing Anaxagoras, Plato identified the good with "world-reason" (nous)—a
nonpersonal, nonspiritual diety empcwered to attracl the efforts of men

and to direct their actions and decisions toward its own realization as

an ultimate end.

Appropriating much from his predecessors and synthesizing their
contributions in a unitarsy theory, Plato thus instituted with his theory
of forns an axiologiczal model cf thought which stood quite cougter to

the rudimentary scientific thought of the time. OSummarizing the disparcte

b-27
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@ features which are central to our interest: (a) knowledge of the

permanent, universal character of reality—directed toward attainment
of virtue and right action—displaced material knowledge as an objective; ?
(b) the source of this knowledge was supposed to lie inside the human ;

mind (innate ideas) rather than outside in the world of sensation and

rhysical change; (c) the unquestionable certainty of such knowledge did

1

%E not derive from any conceivable test but rather from a straightforward 3
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