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The Domain of Adaptive Systems:

A Rudimentary Taxonomy




ABSTRACT

Several divisions of eontemporary inquiry—general systems analysis,
cyberneties, the soeial and life sciences, and particularly the management
seiences—are presently confronted with metascientific problems both coneep-
tual and methodologieal in charaeter. This situation is the result of a continu-
ing drive toward eomprehensiveness that has carried modern seience beyond
the limited seope of an earlier preoccupation with deterministie systems.
However vaguely it may as yet have been conccived, a unifiable domain of
adaptive systems appears to be emerging as the locus of a general conver-
gence of the behavioral sciences on problems that generate a new order of the-
oretical diffieulty. In this eontext a rudimentary taxonomy of adaptive systems
is proposed as a means of structuring this area of researech. Contrary to the
usual supposition that the various behavioral sciences are concerned withquite
disparate types of systems, this taxonomy presupposes a unitary format of or-
ganization and transformation derived on the basis of the concept of emergence.
Reugh measures of inereasing systemic complexity are employed to order
emergent systems within a total domain that is everywhere conformal with re-
spect to the utilization of selective (or adaptive-control) praeesses for the ai-
tainment of viable organization and characteristie response. The resulting
classification seheme—a unitary hierarchy incorporating (a) inorganic, (b) or-
ganic, and (e) coneeptual systems—is, first of all, suggestive of further taxo-
nomic refinement that will require the formulation of a eontinuous measure of
systemie complexity. In a more significant development, however, this taxon-
omy leads to a euneeptualization of a normative-theoretie approach to behavioral
inquiry as a highly promising complcment to the traditional objective-theoretic
approach. If both projeets—taxonomic refinement and theoretical reorientation—
are carried forward in an iterative process, it is felt that a unitary format for

general systems analysis can ensue as a fundamental rationale for the behavioral

sciences.



INTRODUCTION

The considerations presented in this paper concern the problem of attain-
ing a comprehensive structuring of the domain of research areas comprising
behavioral* inquiry. The propriety of generating such a project initially from
the perspective of the particular interests of management science might, of
course, appear tc be immediately questionable. In anticipating such an objec-
tion, we would maintain that management science—insofar as it is construed
as a rational activity that purports to provide resources for improving the de-
cisions of a client organization—must encounter the acute problems of its com-
panion behavioral sciences with respect to the analysis of systems, as well as
certain particularly difficult problems unique to its own special province.

As a justification of the approach being taken, we are concerned with
pointing out the crigins of our interest in a taxonomy of adaptive systems,
first, with respect to the unique province of management science and, second,
with respect to the broader area of behavioral inquiry in general.

Prospectus for Management Science

It is presumably the decision-oriented character of management science
that accounts for impending difficulties peculiar to its specialized problems.
At least three primary domains of decision necessarily confront any client:
(1) action, (2) policy, and (3) organization. Any attempt to provide operations
research with resources for resolution of problems in all these domains (some
of which aie cbviously quite intractable in the present state of the profession)
must accept the challenge inherent in an escalade of increasingly complex the-
oretical projects: (a) theory of decision, (b) theory of value, and (c) theory of
selective systems, i.e., a theory of organization in general. Further. the at-
tainment of adequate comprehension of decision-valuation-organization proc-
esses collectively as determinants to behavior, and particularly the establish-
ment of criteria for “improved” decisions, will require methodological develop-
ment in all these areas with their integration into a systematic structure. Such
a line of investigation can therefore not be terminated short of a theory of the
cognitive process per se.

*We must immediately disclaim any interpretntion of “behavioral inquiry™ that would identify onr use of
the term with the abortive attempt of the Chicago school of behaviorists (Watson, Hoisington, Dashiell,ctal.,
1910-1930) 1o carry ont a radical reduction of psyehological phenomena on o rudimentary mechanistic hasis.
“Behavioral inqniry™ is intended in general rcforence to the acceptance of a fundamental modification of the
carliest directive of inquiry. Under this modifieation the question: llow does tiiis system characteristienlly
interact with other systems comprising its environment? replaces the venerable but appareatly ahortive
question: What reallv is the essential nature of this thing? When, in the context of either formal or experi-
mental investigation, this emphasis on dynamie interaction is conpled with the notion of modifiable charac-
teristic response via internal system controls, the result is behavioral inquiry.




Under a research prospectus very similar to that just ascribed to the
management-science profession, we have recently been engaged in an attempt
to develop one component of a theory of the cognitive process: a theory of
cogpnitive controls associated not only with rationality but with evolutionary
viabhity as well. These investigations' have necessitated a transfcrmation of
scientific method into a more general complementary-conformal method.
Such a transformation is required for the incorporation of valuation (prescrip-
tion) with knowledge (prediction) under rational control. Because of the con-
formal nature of the method the convergence of many specialized disciplines
under a single methodological structure is indicated, and this intimation has
become a focus of research activity.

An Iterative Process of Inquiry

As a consequence of this development, we have l,ecome involved in an
iterative process of inquiry. Beginning with an intuitive notion of practical
decision systems (the ordinary context of corporate decision making), it was
immediately recognized that valuation, as a determinant to decision, neces-
sarily entails a difficult methodological problem. If decision systems, with
their concomitant value concerns, are to be placed at the center of interest in
the domain of operations research, what mode of inquiry may be taken as ap-
propriate and adequate for a rational treatment of the perennial difficulties
that have characterized value judgment ? It is this question, of course, that
inevitably forces a rudimentary science of management into an unfamiliar re-
gion of metascientific issues and problems.

With the expectation that some modification of the presently accepted
pattern of scientific inquiry would constitute a prerequisite to adequate ra-
tional control of value judgments, an examination of successive historic modi-
fications of both scientific and axiological modes of inquiry was undertaken.
The gratifying result’ was the realization that (a) the “conceptual” mode of
inquiry —developed during reccnt decades in the course of a revolution in
modern physics—was open to reconstruction as a formal dual and (b) under
exploitation of a resultant complementarity there emerged, in addition to the
predictive format of scientific inquiry, a prescriptive format directly appli-
cable to value inquiry. Thus the way appeared to be open for the establish-
ment of a rational process for the control of valuation, and hence for the de-
velopment of general theories of value and decision.

However, in subsequent attempts to work out the details of a rationale
for prescription—a formal basis for the selection and institution of values and
norms for a decision system as a subject or idiosystenr*—two imposing ob-
structions were encountered. First, complications were injected by the reali-
zation that the cognitive process comprises not only the control process that
was our initial concern, but also an aesthetic process and, even more impor-
tant, a creative process—both of which entail considerations relevant to a

* A difficult problem in the selection af terminalogy is assaciated with the use of “idiasystem”™ as synon-
ymaus with “system-as-a-subject.” ‘The term “self-system,” which would seem to apply very naturally here,
must be avoided because it is irretrievably landed with connotations involving human consciousness. Every
cognitive, human seclf-system is an idiosystem, of course, but in the sense that there are nonhuman systems
that are subjects, meaning that they externalize (abjectify) “other” systems as objects, the concept *idio-
system” must not be restricted in interpretation to specifically human self-systems.




theory of valuation-decision and, indeed, to a theory of knowledge as well.
The c~:ative process (later referred to as “objectification”*) has been found
to have a particularly crucial import. Second, the establishiment of a pre-
scriptive format for rational control of valuation, which involves the adoption
of the perspective of an idiosystem (a decision system as subject rather than
as object), was impeded by the observation that any such system is inherently
embedded in a hierarchy of interconnected systems characterized by a triadic
unit configuration. That is, every idiosystem presupposest the existence of
some supersystem in addition to some collection of subsystems, with the ex-
tension of this configuration providing an indefinitely extended hierarchy.
Considering the human individual as a reference system, for example, it is
surely truistic to observe that the decisions of such an idiosystem are invar-
iably embedded in some context selected from among many compiex institu-
tional systems~—social, professional, political, religious, and national entities
at many levels of crganization—and finally perhaps in highly generalized cog-
nitive and cultural systems that are as extensive in scope as the widest reaches
theory and history will allow. Similarly, such a system is necessarily con-
nected intimately with a cascade of organic subsystems: neural, muscular,
glandular, cellular, and finally even molecular in character.

The complication that enters with this realization concerns the manner
in which analogs of the creative, aesthetic, and control processes first identi-
fied at the level of cognitive decision systems may now be consistently con-
strued as operative at many levels in hierarchies characterized by increasing
systemic complexity. As an additional complication, each subsystem (or super-
system) in the hierarchy associated with a particular idiosystem must be con-
ceived as capable of contributing to any decision process by which a unique line
of behavior is ultimately selected. Meaningful conside:ration of a decision sys-
tem as a subject must therefore take place in the confext of the prototype con-
figurations encircled in Fig. la. At least three hierarchical levels, as indi-
cated in Fig. 1b, are necessarily involved in representing the pattern of com-
munication and control that affects decision at the level of an idiosystem.

As indicated in Fig. 2 the operation of decision systems at any level of
the hierarchy may be analyzed in terms of comparisons of extrospection
(filtered input) with norms that instigate a problematic situation (selected
via an aesthetic process) to be resolved by a decision procedure involving
objectification (or an analog of this creative process) and selection among
ol)jectificarons (or an analog of this control process). The extrospection ¢f

* “Ohjectificotion” refers to the process of conceptualization, the modus operandi of cognition. \s an
extension of the more familiar notions of modeling or theorizing, its specific content is perhops best re-
vealed by the definition of an objectifying statement: a statement, generated hy a creative process in on
emergent event or act of insight and selected by policy 05 n basis for inquiry, that externalizes (institutes)
a class of reloted constructs (objects) and provides o prescription where by these constructs are menningfui
and interpretahle in terms of finite observations. kxamples are (a) Newton’s laws of motion and (h) the
Schradinger wave equation. Annlogs of objectificntion in systems less complex than cognitive systems may
he identified with the processes of concept attainment, conditioned response, perceptual judgment, reflex
extrapolation, ond threshold discrimination.

T This shift from the mere observntion thot decision systems are characteristically embedded in hierar-
chies to the stronger claim that every idiosystem presupposes a hierarchical configuration is admittedly very
obrupt. The justification of snch a shift depends on primitive commitments that have been elucidated clse-
where.2
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any system consists of information input from its subsystems; the decision of
any system consists in the exertion of control on the norms of its subsystems.
In view of this characteristic regenerative communication-control linkage, the
effective hierarchy involved in any decision of an idiosystem may be much
more extensive than the triadic configuration (subsystem, idiosystem, super-
system) described as n sine qua non of systems analysis. The diagram of
Fig. 2, essentially a model of a cognitive decision system (e.g., a human de-
cision maker), indicates this fact by suggesting the presence of an ind~finite

COGNITIVE OBJECTIFICATION
AND CONTROL
Evolutionary control through Ext

cognitive oct ] Norms
Modificotion through cognitive Filter P-5
oct (concrescence) .

b ——
S—

INTERMEDIATE
- g s e - L B VELSS2

FIXED, PREPROGRAMMED
OBJECTIFICATION
Evolutionory control through £ N
ticlogical selection F P-S
Modificotion through mutotion

NO SYMBOLIZATION;
FEEDBACK
RENORMALIZATION

Ty % T T T T T T

Fig. 2—Objectificotion ond Control in Cognitive Decision System
Ext, extrospection or filtered input; D, decision; P-S, problematic
situotion; Tg, sensory tronsducer; Ty, motor tronsducer.

number of intermediate systematic levels interposed between the cognitive
level of organization and the atomic level of sensory-motor transducers. It
is irmportant to note that we propose to consider decision at every systemic
level as accomplished within an organizational format that is conformal with
the pattern of objectification and selection noted at the cognitive level. There
are, however, crucial distinctions between decision processes at various levels
depending on systemic complexity and hence on distinct capabilities for objec-
tification. This is indicated in Fig. 2 by the distinctions between (a) feedback
renormalization, (b) preprogrammed objectification, and (c) objectification as
a creative, cognitive act of conceptualization.

As an immediate effect of this realization of hierarchical orders of sys-
temic complexity, the domain of interest for this line of research becomes
drastically enlarged. Whereas we have previously been concerned primarily




with the decision process at the cognitive level involving human beings organ-
ized in a corporate enterprise, the researcher—on the basis of theorizing in
this vein—is now confronted with an incscapable intimation of conformal proc-
esses extending possibly throughout a vast hierarchy of levels of organization,
both in the direction of increasingly conmiprehensive supersystems and in the
direction of more restricted subsystems.

The problem at this point becomes a matter of structuring the expanded

.domain of interest in order that strategic choices may be made as to the pri-
ority of classes of systems to be investigated in detail. No clearer demand
for a relevant taxonomy could possibly be made. Such a demand initiates the
second gencration of the iterative process of inquiry previously referred to.

Under a poorly structured initial conception of the domain of interest for
operations research—with the advantages of certain methodological devclop-
ments—the construction of theories of decision, valuation, organization, and
cognition began. The progress of such an investigation leads, as has been in-
dicated, to an enlarged problematic situation featuring im, ated interconnec-
tions involving systems at many more levcls than the original domain of inter-
est cxplicitly provided. The appropriate next step is therefore ohviously re-
iteration.

Beginning anew with the project of taxonomizing the presently recognized
domain of interest, encountcring, no doubt, additional methodological problems,
one may hope to find new clues to a consequent theoretical reconstruction. The
indefinite prolongation of such an iterative process, achieving at each cycle a
reconstruction or refinement of theory, is of course a well-recognized charac-
teristic of the intellectual enterprise in general. It is our interest in thus re-
emphasizing the very rudiments of inquiry to contribute toward the alignment
of systems analysis with a more fully articulated conception of its domain of
phenomena and its basic mission.

In particular it is hoped that a delineation of the special role of the pre-
scriptive sciences in the attempt to achieve unified theory covering decision,
valuation, and organization will contribute ultimately to a successful resolu-
tion of the separations between knowledge, value, and action that have plagued
earlier attempts te institute rational control of behavior.

BEHAVIORAL INQUIRY—-PERSPECTIVE OF SYSTEMS ANALYSIS

Although we have encountcred the problem of systems taxonomy initially
from the perspective of thc unique province of the prescriptive sciences, it
seems quite apparent that the behavioral sciences in general now tend to con-
verge on an identical concern. Dcspite the diversity of their particular objec-
tives the several divisions of behavioral inquiry commonly share an attenuated
version of the situation ascribed to management science: they are all similarly
embroiled in metascientific problems both conceptual and methodological in
character. This situation results from the fact that a fundamental directive of
rational inquiry—the continuing drive toward comprehensiveness—has carricd
contemporary investigations beyond the limited scope of an earlier scientific
preoccupation with deterministic physical systems, i.e., any systecm whose




successive states may be adequately construed (for predictive purposes) as
uniquely determined by observable measures of its present state and the state
of its environment.

With the rise to prominence of the social and life sciences, behavioral
inquiry* has gradually been brought to a focus on the conception of a type of
organization or systein singularly in contrast with the reductionistic mechan-
ical systems of classical physical inquiry.

New Order of Theoretical Difficulty

The increase in complexity that distinguishes behavioral systems from
the simplistic interaction systems of physics has forced behavioral investi-
gators to conceptualize sophisticated systems characteristics—e.g., selec~
tivity, ultrastability, learning, and simulation—which, though doubtless related
to the elemental concept of dynamic mechanical stability, engender a totally
new order of theoretical difficulty.

Morris® has presented the following outline of the early development in
psychology of the concept “attention” that illustrates one aspect of the systems
characteristic referred to as selectivity.

The emphasis upon aetion implicit in the growth of modern biologiecal seience had
taken at times an abortive form, as if an organism merely responded mechaniecally to an
environment which itself owed nothing to the organism. Such a position eould not long
stand in the face of the facts which erystallized in voluntarism as a biological and psycho-
logical principle. For American thought, William James had marked the emphasis in
pointing out the insurgent character of the organism and the way attention helped to con-
stitute the objeet of pereeption. Dewey had isolated the basie point in his 1896 article on
“The Reflex Are Coneept in Psychology™: perturbations of environment actually con-
stitute a stimulus to an organism only in virtue of the implicit response or interest
which sensitizes the organism to sclected features of the world capable of furthering the
release of the response itself.

McDougall,* although he did not use the concept ultrastability explicitly,
provided an excellent illustration of this construct in describing the type of
behavior he considered to be most characteristic of the living organism.

Take a billiard ball from the pocket and place it upon the table. It remains at rest,
and would continue to remain so for an indefinitely long time, if no forces were applied
to it. Push it in any direetion, and its movement in that direection persists until its mo-
mentum is exhausted, or until it is deflected by the resistance of the cushion and follows
a new path inechanieally determined.... Now contrast with this an instance of behavior.
Take a timid animal such as a guineca-pig from its hele or nest, and put it upon the grass
plot. Instead of remaining at rest, it runs baek to its hole; push it in any other direetion,
and as soon as you withdraw your hand, it turns back towards its hole; place any obstacle
in its way and it sceks to circumvent or surmount it, restlessly persisting until it achieves
its end or until its energy is exhausted.

In his description of the type problem of the kitten and the fire, Ashby® has
clearly delineated that feature of heuristic modification of characteristic re-
sponge known as learning.

*The contention here is that, from its twentieth-century origins in the rankest sort of reductionism, be-
haviorism has gradually been modified (hy such efforts as those of Dewey, Mead, Tolman, Cnssirer, et al.)
to the extent tha! it now provides the genernl support for a tremendous cange of inquiry, extending at least
from the investigation of simple homcostatic machine systems to the investigation of highly complex social
orgnnizations,
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When the Kitten first approaches an open fire, it may paw at the fire as if at a
monse, or it may attempt to snilt at the fire, or it may walk unconcernedly onto it,
Every one of these actions is liable to lead to the animal’s being burned. Equally, the
Latten, if it is eold, may sit far from the fire and thus stay cold . ... Contrast this he-
havior with that of the Lkitten after considerable experience: on a eold day it approaches
the fire to a distance adjusted so that its skin temperature is neither too hot nor too cold.
If the tire burns fiercer, the kitten will move away .. .. If the fire burns low. the kitten
will move nearer ... Withoul making any inquiry at this stage into what has happened to
the kitten's braiu, we can at least say that whereas at first the kitten's behavior was not
homeostatie for skin temperature, it has now become so. [We are concerned chiefly with
one feature of this typical modifieation of behavior: learning involves the change of a be-
havioral repertoire trom a less to a more benefieial characteristie pattern.)

Finally, in illustration of the euncept simulation, it is possible to concoct
an instance of the elementary employment of the peculiarly human capacity for
“mediatec” behavior that John Dewey was among the first to emphasize. Sup-
pose that in the absence of any present neecessity to act a war party of primitive
men succeed in formulating—by means of significant gestures and erude dia-
grams drawn in the dirt—a plan for a forthcoming attack. Such selection of be-
havior, mediated by a symbolie “mapping” technique in the context of a reduc-
tion, constitutes the essential feature of cognitive behavior which, by the for-
malization of languages and other semiotic structures, may be extended into
the general enterprise of inquiry for the purpose of behavioral control.

Systems that are characterized, then, by patterns of response that are
modifiable via processes involving selectivity, ultrastability, learning, or
simulation—that is to say. systems that are adaptiv. ~exhibit such variable
activity that they have proved to be generally intractable to investigation under
the traditional format of causal determinism. Yet the objectives of inquiry—
prediction, explanation, prescription, manipulation—remain to be served no
less in the biological and social sciences than in chemistry and physics, the
areas of earlier success. The strategy of behavioral inquiry in the twentieth
century has therefore understandably consisted in a tendency to accede more
and more to the notion that a deterministic basis for explanation (or theory)
is essentially inadequate in the study of purposive behavior.

The initial effect of this shift in strategy has been prirarily method-
ological. The development and utilization of stochastic (as ugainst determin-
istic) models is generally interpreted merely as an attempt to apply prob-
abilistic logic and statistical inference to the analysis of complex systems.
Another interpretation of perhaps greater significance, however, and one quite
insufficiently recognized at present, follows from the inexplicit conceptual
commitment involved in adopting the stochastic format. In any use of a sto-
chastic model a characteristic activity that consists essentially in the gener-
ation of a line of behavior via a selection process may be covertly attributed

' to the system in question. Here “line of behavior” is understood as a par-
ticular path through the array of states possibte to the system, and “selection”
is interpreted in the elementary sense of a resolution of alternatives, by any
means whatever, at successive choice points in the phase space and temporal
history of such a system. In this light, additional significance must be at-
tached to the utilization of stochastic models insofar as they constitute support
for any sub rosa imputation of internal components of systems control that are
presumed to be characteristic of instrumental and funeaonal aspects of organi-
zation.

11



Convergence of the Behavioral Sciences

Emerging nearly simultaneously in many specialized divisions of re-
search the conceptualization of adaptive control processes has apparently
been an important feature of the decided tendency toward convergence that is
now seen to involve the information sciences (cyberneticc), experimental life
sciences, social sciences, and, as we would maintain, the management sci-
ences. However hazily it may as yet have been conceived, a unitary domain
of interest for the whole of behavioral inquiry is gradually emerging, and this
domain so far appears to comprise just the range of adaptive systems, in
which internal or “idio” - control is conceived as contributing strongly to the
collective determinants of behavior. (It is, quite naturally, just this aspect of
internal control that is ultimately utilized to distinguish between systems that
exhibit behavior and those that exhibit mere interaction.)

Terms variously used to identify general classes of sucl. systems seem
to abound in wild profusion. 1n the field of value theory, Pepper® proposes the
term “selective” systems; in experimental psychology Tolman” has featured
the notion of “purposive” systems; in cybernetics Wiener® referred to
“communications-control” systems; in brain simulation studies Ashby® elccts
to use the explicit term “adaptive” systems, a usage shared by Bellman® in
decision theory; and in computer technology'® the current coinage is “self-
organizing” systems—and this collection results from the most cursory sam-
pling of nomenclature associated with what the researcher must suspect is a
unifiable conceptual domain. Under a rubric of sufficient generality, it appears
possible to assimilate a vast range of systems: (a) rudimentary quality-control
devices, (b) servocontrolled guidance systems, (c¢) automated machine com-
plexes, (d) programmed computers, (e) simple organisms, (f) “higher” organ-
isms, even Homo sapiens, and (g) human social organizations.

This is the now familiar context of general systems theory. To whatever
extent the general systems approach evokes credibility as a line of theoretical
advance, one will be disposed toward an attempt to attain a taxonomy of adaptive
systems. Such a conceptual task is a prerequisite to the maximum exploitation
of intellectual resources, i.e., the reiteration of empirical and formal cycles
of inquiry in a continuing refinement of theory. One caveat, however, is glar-
ingly obvious. Any general taxonomic structure that purports to establish con-
formality among so many apparently disparate entities will be utterly worth-
less unless it also admits of meaningful distinctions that can be shown to cor-
respond with the several specialized concepts presently being utilized fruit-
fully in systems analysis. The purpose of this study is to determine whether
the concept adaptive system is capable of generating such a general taxonomy.

v

PRIMITIVE NOTIONS FOR A TAXONOMY OF ADAPTIVE SYSTEMS

To attempt to establish a taxonomy for a complex domain is to return to
long-forsaken territory because the procedure of taxonomizing is first of all a
complicated version of concept attainment and therefore involves the employ-
ment of skills that tend to lapse into disuse with the development of a familiar
and habitual structuring of experience. The sophistication acquired in experi-
ence is, however, not devoid of advantage. In the sense that Goethe maintained
that even an observation is already a theory, the observer is prepared by ex-

12



perience to recognize that the first structuring of a domain of interest—however
crude —constitutes a preliminary theory about the objects of that domain. A
fruitful taxonomy of adaptive systems may therefore he expected to progress
through successively more rigorous versions characterized first by verhaliza-
tions. i.e., models couched in natural language, followed by more nearly opera-
tional models perhaps in the form of communication-control flow diagrams,
ultimately terminating in acceptable formal or mathematical models. It is
possible to anticipate the develcpment of formal models in the case of adaptive
systems all the more readily because a cue that strongly suggests the selection
of the concept “characteristic response” as a fundamental criterion of classifica-
tion for adaptive systems already exists. Since characteristic responses of in-
strumental systems are readily amenable to mathematical representation as
formal transformations, we have some basis for beginning this particular tax-
onomic project with reasonable confidence.

However that may be, the first order of business is to select a working
definition of *adaptive system” in order to at least distinguish those systems
that are adaptive, collecting them in a common set for the purpose of further
structuring. We propose to adopt initially the definition that a system is an
adaptive system if its behavior maintains its essential variables within the
limits of their respective norms. Here “essential” variables are interpreted
to mean those measures of an environment to which the survival of the system
is sensitive. (It is important to notice that adaptivity is therefore inherently
relative with respect to environment.)

This definition, without explicit mention of its relative character, is due
to Ashby®; it is apparently in good correspondence with Cannon's'! earlier con-
cept “homeostasis.” and it appears to be well supported by the general princi-
ples of physiology.

With regard to a survey of systems in a search for those that are adaptive,
there are two standard strategies: the simplistic and the generalistic—or in
Bertrand Russell's pungent terms the “simple-minded” and the “muddle-
headed.” In this case the simplistic approach would consist in beginning with
the most elemental system that could be legitimately conceived as adaptive
and proceeding by successive complication of the system to cover the whole
range of adaptive systems. Conversely the generalistic approach involves an
originally coarse screening of all systems to locate those that are adaptive,
with successive refinement of the classification process.

That the generalistic strategy should be our choice seems quite clear.

On one count the conception of an adaptive system, construed in its simplest
version as a negative regenerative system, is already receiving rigorous
treatment by a large body of investigators. It is only reasonable to assay a
complementary approach as a possibly {ruitful alternative. Second, the avowed
intention of this study is the attainment of comprehensiveness and very broad
generality. We shall therefore initially screen a veritably cosmographic domain
of systems, where our “cosmos” is, of course, the local universe of experience
and discourse. A grasp of such a total domain of systems depends on a concep-
tion of the evolutionary process as the generator of systems of interest. That
this format constitutes a presently appropriate context for a taxonomy of be-
havioral systems is strongly supported by Simpson,m who has reported the
adoption of this identical basis for a recent symposium concerned with theories
of behavior.
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It is so universally accepted as not to need explicit statement that . . . there is, in-
deed, a general theory of behavior and that the theory is evolution, to just the same ex-
tent and in almost exactly the same way in which evolutien is the general 1heory of mor-
phology. To make the relationship more obvious and to demonstrate that morphology,
physiology and behavior are aspects of organisms all inseparably involved in and ex-
plained by the universal fact of evolution became a principal objeet of the symposium,

In order to emphasize the fact, however, that we are not dealing initially
with the technical syneretic theory of evolution presenily availabie to the spe-
cialist, the common-sense notion of a process of development will be utilized
as a covering term. On encountering specific features that are attributable to
this process as a generator of the total domain of organization, we shall have
occasion to institute an operational concept of the evolutionary process derived
from refinement of the vague notion of development as it appears in the context
of natural language.

The Process of Development

The process of development—ultimately evolution—is the product of a
fabulous Gedanken-experiment in which some element of the human race has
participated in every generation since the initiation of systematic inquiry. The
laborious reconstruction of the history of the apparently ceaseless transforming

TapLr |

DEVELGPMEN T SUB SPECIE_AETERNITATIES

System Referent Domain
Inorganic Physicochemical aggregations Geosphere
Ocgunic Biological organisms Biosphere
Conceptual Psychosocial-svmbolic organizations Noosphere
Synthetic Iabricated entities Technosphere

activity of our local universe still absorbs the efforts of cosmologists, paleon-
tologists. geologists, biologists, and lately even nuclear physicists. Our informa-
tion is already detailed enough, however, so that we can readily imagine-as
Julian Huxley has suggested—a stopped-frame motion picture of this transforma-
tion process that would revezl the successive appearance, development, and de-
ployment of three primary classes of systems: (a) the collection of inorganic
entities and aggregations and, superimposed on it, (b) the collection of biological
organisms and organizations of organisms and, superimposed on both, (c) the
coliection of psychosocial or symbolic systems. These collections may be as-
signed respectively to three general domains with regard to the process of de-
velopment. Following the usage of Pere Teilhard de Chardin,'? these domains
are termed (Table 1) the “geosphere.” the “biosphere.” and the “noosphere.”
Although the geosphere, biosphere, and noosphere constitute exhaustive
ontological partitions with respect to a particular set of properties, the class
of fabricated systems is appended in Table 1 to indicate that an alternative
factorization exists that may ultimately require attention. Quite obviously it
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would be possible, if it were thought desirable, to distinguish between natural
systems and synthetic systems, i.e., the domain of all structures, machines,
and artifacts, fabricated or assembled by the agency of natural systems. This
domain, in fact, lies at the center of interest for a number of investigators
presently concerned with the design of machine systems that are adaptive —the
entire spectrum of work on artifieial intelligence and automata. Under the
strategy of this particular inquiry, however, it becomes a straightforward de-
cision to submerge this distinction. If a taxonomy of adaptive systems can be
carried out in the most general terms, and if this project subsequently leads
to increased capability for systeins analysis, the project of systems simula-
tion can be readily advanced in due course on the basis laid for theories of
adaptive control processes.

Returning, then, to the preliminary classifications represented by the
geosphere, the biosphere, and the noosphere, and attempting to encounter
adaptive systems in their most general context, the primitive notions that
have been advanced in the service of explaining the main features of the
process of development are examined.

Figure 3 presents a crude rendering of an initial premise from thermo-
dynamics that asserts the directivity of energy transactions in a unitary total
system in progress from an initial unstable dynamie state to an eventual state
ol static equilibrium via a degradation proccss involving entropic interactions
destined, finally, to deplete the potential of the original state of the systeni.
Superimposed on this process is the posited process of development that
features a converse effect consisting of a general increase of variety and or-
ganization with respect to metastable subsystems that appear by differentia-
tion within the total system. In contrast with the energy transactions typical
of the system as a whole, such subsystems are characterized by locally negen-
tropic reactions.

Four primitive notions—partition, duplication, variation, and competition—
are presupposed by the assumption concerning the increase of variety and or-
ganization with the appearance of locally stable subsystems. A subsystem
could appear only by a process of partition occurring in the unitary system
and could participate in negentropic reactions only within the confines of a
barrier that permitted a metastable state to exist. Similarly a general in-
crease of variety and organization among negentropic subsystems could not
occur in the absence of the combined processes of duplication and variation;
the primitive notion of competition is obviously no more than an assertion
that the isolated and finite character of the original system must impose on
all subsystems the constraints of limited resources. An additional assuniption
concerning the consistent operation of the system, i.e., the constancy of phys-
ical laws controlling change in the system, is generally taken so much as a
matter of course that it escapes mention.

These explicit commitments regarding primitive notions underlying the
conception of the development process are immediately recognizable as just
the determinants of the process of natural selection. For the purpose of this
study they provide a particular advantage in that they lead to the delineation
of the main features, as well as the subprocesses, of evolution—the specific
formative process whereby the population of natural systems is presumed to
have been produced.
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Fig. 4—Successive Displacement—Central Feature of Development
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Main Features of Evolution

Patterned on conventional diagrams'®of the “tree” of life, Fig. 4 shows a
simplified version of the development of the animal kingdom. On the basis of
this illustration two primary features entailed by the primitive notions parti-
tion and competition are most notable: (1) the repeated branching of differen-
tiated organic forms from nodal points (which correspond to the successive
morphological divisions of kingdom, phylum, class, order, etc.) and (2) the
successive displacement of existing historical populations by the “wedging in”
of new populations. This general pattern of successive displacement of dom-
inant groups is presumably to be explained in terms of a combination of sub-
processes operating always, as it were, along a “wave front” of development
that leaves behind it a historically established array of viable living forms
that persist withvariable capacity to provide a basis for further exploitation of
their particular patterns of organization.

With regard to the specific subprocesses of development, which must be
assumed to operate at the lower morphological levels where change is critical,
what are the implications of the primitive processes already identified? Using
as an illustration the development of the primates, Fig. 5 exhibits the manner
in which the four primitive notions allow the development of living forms to be
conceived of as a unitary process made up of a number of subsidiary processes.
As Huxley'® has maintained, the individual organism comprises a process of
stabilization within the process of the differentiation of a species, which is in
turn a process within the radiation of a type, which is, again, a process within
the succession of dominant groups. Finally, the overall process of realizing
novel pessibilities of variety and organization is just what may now be mean-
ingfully referred t~ as the evolutionary process.

One criticar .cature of evolution, however, is as yet insufficiently ex-
plained. Unless the process of differentiation via mutation is regarded as
adequate to explain the appearance of gestalt novelty, some other way will
have to be found to account for the characteristic branching that is a marked
feature ol the history of living forms. The indications from recent theories
of evolution, notably that of Simpson,"’ are that an explicit process other than
differentiation (Simpson’s version is termed “quantum evolution™) must be
posited. Our own recourse at this point is to interpret the primitive process
of partition as entailing the possibility of emergent events. This crucial
process of emergence, although at present it constitutes an admittedly vague
notion, may at least be factorized in terms of systemic properties (Table 2)
and thus be meaningfully incorporated in the collection of subprocesses com-
prising the concept of evolution.

Primitive Notions and the Process of Natural Selection

In summary of the processes involved in evolution—or natural selection—
Fig. 6 indicates the identity and interdependent effects of the several sub-
processes on purely figurative three-dimensional axis systems. Referring to
the primitives, the partition process entails the sporadic appearance via
emergence of novel individual entities as locally stable subsystems. The com-
bined primitives of duplication and variation entail the differentiation of geno-
types followed by the radiation of phenotypes under competition for ecological
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TanLe 2

PROPERTIES OF EMVRGENT SYSTEMS

Properts Explication

Gestalt novelty A feature of organization based on a novel format; in contrust with
combinatorial novelty, which may be attributed to any distinctive
agpregation of elements from a given collection, gestult novelty
is a property of an assemblage of elements that introduces struc-
tural innovation via the institution of n new form of organization

Concrescence A process consisting of the *growing together® of previously dis-
tinct systems to form a unitary, integral structure; chemical evo-
lution provides very clear examples, e.g., the coalescence of
lipid and polymeric molecules in the formation of biological cells;
in the realm of ideas, concrescence might be illustrated by the
formulation of a theory that encompasses two or more previously
disparate theories

Systemic extension The organization of clements (themselves systems) in hierarchical
levels connected hy regenerative information-control linkages
providing for selectivity at every level represents the basic con-
notation of “systemic character”; in an emergent system this
character is maintained with the incorporation of a new level of
arganization; this is the most radical version of adaptability as
a means to continuing viahility

Normative innovntion The appearance of an additional level of organization requires the
institution of norms relevant to selectivity at that level; for ex-
ample, objectification as an emergent event involves not only the
conceptualization of related object constructs but also the insti-
tution of norms controlling selection umong object constructs

Subsystem speciulization In addition to the institution of new levels of organization and new
norms, emergence involves the modification of previous subsvs-
tems in terms of (a) articulation or differentiation of structure and
(b) renormalization or normative innovation; this property of emer-
gent systems is associated with the increasing complexity, effi-
ciency, and elegance of both strncture and behavior that mark those
systems that are viably competitive under externnl (i.e., environ-
mental) seleetion

Negentropy Two features—(a) the transfer and transformation of energy with net
gain of potential by a local, metastable system and (b) the com-
munication and transformation of information with an increase in de-
grees of freedom in the “decision space” of such a system—
constitute propertics of an emergent system that provide the
possibility of u general increase in variety and organization

niches wherein they establish group dominance. These processes, occurring
under the constraint of finite resources, result in the long-range successive
displacement of dominant groups via natural selection.

Although selection is indicated specifically as effecting the succession of
dominant groups, it is to be noted that selection does in fact operate at every
morphological level. Any novel entity that initially appears is a putative geno-
type. However, if it does not succeed in maintaining stabilization, its pattern
of organization has proved nonviable under selection. Similarly phenotypes
that do not successfully contribute to the exploitation of an ecological domain
by some dominant group are ultimately aborted by selection.
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Adaptation and Naturai Selection

The resuit is a revelation that might well have been foreseen. Under our
definition of an adaptive system as one that maintains its essential variables
within the limits of its norms, it is seen that every system emerging in the
process of natural selection will necessarily be an adaptive system, for an
adaptive system in this serse is just precisely a survival system. Adaptive
behavior is equivalent to the adjustment for survivail of a viable system; the
whole business of natural seleetion, and perhaps of any sclective dynamic sys-
tem, amounts to the automatic generation of subsystems that are specially re-
sistant to the perturbations characteristic of some particular subenvironment
of the total system, i.e., subsystems that are particularly suited to survive in
their local ¢nvironment.

The strategy of surveying the total domain of evolutionary systems for the
purpose of identifying among all possible systems only those that are adaptive
appears to have the diseoncerting result of showing that no such discrimination
is pussible. There are, however, distinctions that can yet be tried. From the
mere fact that all systems produced by natural selection are adaptive, it does
not followthat theyaretherefore adaptive in the same sense or to the same extent.

One may attempt at this point to utilize the faet that adaptivity is relative
to environment. For example, an individual entity that endures through some
life cyele has proved adaptive only with respeet to the extremely restricted en-
vironment of its temporal locus. What eounts in competition at this level is
action, and therefore a system that is viable in this sense might be termed an
“action-adaptive system.” This injection of a qualifier on the basic notion of
adaptation presents the possibility of further diserimination among the domain
of adaptive systems, which now is taken to be identical with the total domain of
evolutionary systems. Under this strategy it is possible to attempt to elassify
adaptive systems in terms of their environmental range.

One significant observation, however, needs to be entercd as a precaution.
An unfortunate tendency to hypostatize such eoncepts as speeies and groups is
a serious obstruction to clarity. Without prejudieing the eoncept “organiza-
tion,” it is necessary to stipulate that behavior under norms may not be mean-
ingfully attributed to mere populations (in this case species and groups).
Therefore, when an examination of the charaeter of adaptation in the context of
speeies and groups is undertaken, it is important to keep the point firmly in
mind that, as its individuals go, so goes the species —and the dominant group.

Returning to the attempt at classification, if an entity endures through
time to establish a genotype, with succeeding modifications enabling the ex-
ploitation of some ecological niche, this is an indication that the individuals
historically comprising the genotypic population are at least adaptive with
respect to a broad environment that is being competitively exploited by various
other species. The criterion of suceessful competition in this context—over and
above adaptive action—is a capability for the modification of norms. Systems
that are adaptive to this extent would be termed “norm-adaptive systems.”

Finally, if a phenotypic population survives through time to establish
dominance as a sueeessive replacement to some previous group, this is an
indication that the individuals of its component species have proved adaptive
with respect to an environmental range so broad that important shifts in the
eharacter of its original environment may have occurred. Such shifts of ¢n-
vironment are, in fact, a major feature in the seiection of successive dominant
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groups. What counts for success at this level of competition is a capability for
modification of organization, where “organization” is implicitly construed as
constituting control of normative modification. Systems that are adaptive to
the extent that their organization becomes modified would naturally be termed
“organization-adaptive systems.”

Now it is a straightforward conclusion that systems that are “persistent,”
in that they have proved viable through an appreciable duration of geological
time, must be construed as adaptive in all three of the senses delineated. This
is to say that various analogs of reaction, renormalization, and reorganization
are operational characteristics of all systems persisting via the process of
natural selection. Systems that are not adaptive in all these senses, e.g., un-
stable fundamental particles or deleterious mutants, are necessarily ephemeral
when considered from the aspect of the geological time scale.

Thus, even a gualified notion of adaptive system seems to lead finally to
a situation in which no fruitful distinctions are possible with regard to classi-
fication. The process of natural selection may nevertheless be viewed, in the
light of this consideration, as portraying the singular drive of a unitary dy-
namic selective system toward realization of successively more sophisticated
forms of viable organization. A unique line of behavior on the part of the total
system might be identified with that “leading edge” of emergence that cunnects
just the successive dominant groups appearing along the primary course of
historical development. In a very real sense this line of successive emergent
systems may be said to embody a continuing course of “improved,” i.e., more
adaptable, organization; although the persistence of archaic systems indicates
that “success,” as distinguished from evolutionary “progress,” can certainly
be achieved by systems that are viably adapted despite their having been super-
seded in the general advance toward sophistication by successively more adapt-
able systems.

TAXONOMIC FRAMEWORK

It certainly appears worth while to pursue the identification of just those
emergent systems that have initially exhibited, as innovations in their time,
features of viable organization that have tended to become stabilized through-
out the subsequent course of development. A structure representing the his-
torical succession of emergent systems car obviously provide a natural tax-
onomic framework for at least an ordering of adaptive systems in terms of a
hierarchy of successively more sophisticated systems characteristics, both
structural and functional.

The identification of emergent systems depends, of course, on historical
reconstructions derived from many special disciplines. Nevertheless the task
is not so formidable as it might appear, because of an implication that follows
from the competitive basis of natural selection. That implication is that evo-
lutionary emergence is correlated with increasing systemic complexity. Since
successive dominant groups must prevail by virtue of superior elegance,
precision, efficiency, and adaptability of both structure and behavior, they are
identifiable on the basis of the characteristics of gestalt novelty, concres-
cence, subsystem specialization, and normative modification—crude but effec-
tive measures of increasing orders of systemic complexity that have previously
been associated with emergence.
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A major complication here involves the distinction between an emergent
increase in order of complexity and the general increase in the scope and de-
gree of complexity of systems attributable to combinatorial novelty and sheer
aggregation. With regard to the organizations of organisms (e.g., symbiotic
aggregations, colonies, tribal and familial groups, cultural societies) some-
times referred to as “supraorganisms,” this distinction is somewhat difficult

Increosing
order of complexity

T EMERGENCE

Gestolt novelty
I Concrescence
I Systemic extension
Normotive innovotion
Subsystem speciolizotion
| Negentropy

Increosing
degree of complexity
(combinctoriol novelty)

NEW
TAXONOMIC
DOMAIN
Increosing
systemic
scope
Emergent kggrenu!iﬂﬂ (oggregotionol novelty)

system

EXISTING
TAXONOMIC
DOMAIN

Fig. 7—Emergence and Systemic Complexity

to maintain. In the domain of psychosocial systems particularly, organizations
of organisms clearly enter directly into the emergent process. But as a basic
format of classification it appears advisable to attempt to distinguish (as in
Fig. 7) properties of emergent systems from those of combinations and aggre-
gations.

Such a format provides for the construction®:'**7~2* of “lattices” (Figs.
8 to 11) that exhibit, for the geosphere, biosphere, and noosphere, respectively,
a hierarchical configuration of emergent systems arising within the total sys-
tem of natural selection. In these lattice structures the appearance of an emer-
gent system is indicated by a “quantum jump” vertically along the dimension of

*References 14 and 17 to 24 provide the material utilized in the construction of Figs. 8 to 11,
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increasing order of systemic complexity. Increasing systemic scope and degree
of complexity—secondary in significance for the taxonomie project—are merely
suggested roughly by lateral displacement.

Taxonomie Refinement

With the attainment of a unitary hierarchy of emergent systems it is clear
that we have available a taxonomic framework capable of effecting a rudimentary
ordering of the domain of adaptive systems. The immediate requirement for
further taxonomic refinement is the formulation of some continuous measure
of systemic complexity. Such a measure must provide the resoclution neces-
sary for classifying adaptive systems in detail within the context of the basic
conformality provided by their common property of viable organization.

In pursuit of the previous intimation that the concept “characteristic re-
sponse” may provide the clue to the fine structure an attempt has been made to
enter, at each step of emergence (Figs. 8 to 11), some indication of the more
important advances in behavioral capability. With the psychosocial systems of
the noosphere the increasing sophistication of characteristic response cul-
minates in two vastly complicated procedures: the objectification of (1) object-
constructs and theories and (2) norms or controls for selection among object-
theories. It must therefore be anticipated that the formulation of a continuous
measure of systemic complexity based on increasing sophistication of charac-
teristic response (which is almwost certainly correlated with the complexity of
structural features) will require extensive creative effort. At present a very
promising approach is suggested by the possibility of typifying adaptive systems
by a measure defined on degrees and ranges of semiotic freedom, i.e., {ree
capacity of the system available for control of its behavioral program. In
common-sense terms, such an approach would feature the classification of
adaptive systems in terms of the extent to which their characteristic responses
approach autonomy, i.e., self-organization involving the absorption of degrees
of freedom by programmed decision procedures,

Even in advance of being able to accomplish such a refinement, however,
the present taxonomic framework lends impetus to a significant but so far ten-
uous reorientation of behavioral theory. (This effect is characteristic of the
iterative process of inquiry described earlier.) Inorder that this implication
of the proposed taxonomy may be appreciated a summary of the successive
strategies that have been used to direct behavioral inquiry is given here.

Objective vs Normative Theory

With the intention of extending the scope of scientific explanation to in-
clude biological, psychological, and social systems—as superimposed on the
mechanical systems of physics and chemistry—behavioral inquiry was initially
underiaken trom the classical perspective of objective theory. “Objective” theory
refers to a theory constructed (a) in an observer-object context and (b) under a
stringent conception of admissible investigative procedure. Explicitly the follow-
ing commitments comprise the essentials of a theoretical approach featuring
the repudiation of subjectivity, which so vitiated early inquiry, and its replace-
ment by the eriterion of objectivity.

(a) Observer-Object Context. (1) Recognizing the inevitability of a subject-
object relation at the basis of the experimental method, emphasis is placed on a
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laudable effort to maintain a disinterested attitude on the part of the subject or
observer. The quite human but nonetheless obstructive tendency of investigators
to become involved in the rationalization of a personally satisfying hypothesis is
excoriated. As Bernard®® maintained in his prescriptives for the experimentalist,
the preconcepticn of hypothesis and experimental design—which is creative and
subjective—must be absolutely severed from the observational phase of inquiry.
To experiment is to put a question to nature, and when nature answers the ob-
server must be conmpletely submissive. He must see what is there, no more or
less, regardless of his prior commitments and interests. Every question shall
be resolved on its merit as the facts determine, and facts shall be construed as
only those observations that are open to public serutiny by at least a coterie of
competent and independent investigators.

The creative role of the inquirer as subject, like the origin of his as-
sumptions and hypotheses, has no formal status whatever in this version of
scientific method. The resources and procedures of creative insight. being
subjective in character. are totally outside the consideration of objective theory.
The control of the procedure for confirmation of hypotheses, not the control of
the strategy of inquiry, is taken to be the domain of scientific methodology.

(2) This severance of subjective aspects of the observer-object
relation clearly presupposes prior commitment to the particular ontological-
epistemological position termed “realism.” Owing to the antimetaphysical
bent of objectivists in general it is difficult to obtain a definitive statement of
this cc mmitment. Nevertheless it is surely unquestionable that the prescrip-
tions in para 1 can be countenanced only under the assumption that the objects
of any inquiry are sufficiently independent of the observer (subject).

Several notions familiar even to common sense are present in this
view: that there is some particular. definite *way things are” (equivalent to
the conception of things-in-themselves as comprising reality); that “things”
are independent of thoughts about things; that facts, peremptory in character
for any observer, ultimately constrain the concepts and theories that are war-
rantable, while being in no way constituted by the preconceived concepts and
strategies astociated with the creative role of the observer; and that the at-
tainment of theories confirmed by the facts ina given domain comprises a con-
tinuing process of discovery that, in the limit, approaches the truth about nature
owing to successive replacement of disconfirmed hypotheses by others sufficient
to cover the facts so far set forth.

(b) Format of Inquiry. As a process of discovery the objective-theoretic
approach features the following investigative procedure, generally termed the
“experimental” method:

(1) Analysis of an object systeni, as independent of the observer, to
achieve a factorization of measurable properties to which the behavior of the
system is sensitive.

(2) Correlation of these measures over some range of states of the
system, where this range may be generated in part by perturbing the system.

(3) Formulation of functional relations expressing, as generalized
correlations, the characteristic dependency ot each defined measure on some
collection of “primitive” measures, where such generalization involves the
adoption of some formal model furnishing the logical format of relations.
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(4) Design of experiments to test the resultant theoretical model for
adequacy (primarily precision and comprehensiveness) of prediction with re-
rard to states of the system not previouslv observed.

(5) Confirmation of the theory on the basis of the correspondence of
predicted observations with relevant experimentat ¢ vidence—a procedure
originally construed as verification under the control of binary (true-false)
logic, despite the realization that technically the testing of theories by their
consequences might be expected to achieve only probability, not certainty, as
a measure of confirmation.

(6) Reiteration of this procedure to increase the scope of the pre-
dictive capability of successive modifications of the model or theory.

This pattern of inquiry, presumably originating as ecarly as Galilean
physics, had proved spectacularly successful for predicting and explaining a
wide range of inorganic systems in the domain of the geosphere. Persistent
attempts to extend this success in early behavioral inquiry, however, encoun-
tered intractable problems* wien confronted with the modifiability of charac-
teristic response (literally the adaptivity) of organic systems typical of the
biosphere.

Explicitly the crux of the difficulty lay in the general character of the re-
sponse of organic systems to perturbations induced by an experimenter-
observer. For a very numerous class ol systems treated under classical
mecnanics, perturbations are found to initiate reproducible characteristic se-
quences of subsequent states of the system. In contrast with this unexceptional
behavior, repetitive perturbation of an organism typically yields not only a
distribution of alternative sequences, but transformations of this distribution
as, for example, in the fixation of a habit under conditioning. In view of this
situation it was readily appreciated that accurate prediction of the behavior
of organic systems involved @« new order of theoretical difficulty.

This “new order” of theoretical difficulty was certainly not restricted to
the behavioral sciences alone. In thermodynamics and later theories of me-
chanics the problem of distributions of outcomes, and with it the accompanying
requirement for the establishment of statistical criteria for the rejection of
hypotheses, had to be faced in physics. The point of interest here is that prob-
lems of even higher order were encountered from the very inception of be-
havioral inquiry.

Thus, any expectation that complete descriptions (i.e., adequate factoriza-
tion of essential measurable properties) for behavioral systems could be ac-
complished in terms of the familiar primitives adequate for inorganic systems
had to be abandoned as hopelessly naive. Organisms clearly required a more
complicated objectification, and the general recourse adopted in behavioral in-
quiry was to attribute to-organic systems various collections of additional
properties, which came to be associated ultimately with the general notion of
adaptive control processes.

* This is not to deny that eminently rexpectable accomplishments in physiology, physiological psychology,
and hiophvsics have heen attained under direct estension of this strategy of inguiry. The point is simply
that these attainments have heen limited to investigations restricted to consideration of elementary suh-
systems of the total organizations or organisms that comprise the nltimate interest of inquiry in these fields.
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This imputation of internal eontrol processes under a new objectification
had two notable results. First, there appeared in behavioral theories discon-
certing numbers of new primitive constructs: reflex, expectation, attention,
motivation, appetite, aversion, drive, instinct, habit, consciousness, id, ego,
superego, norm, needs, utility, subjective probability, expeeted value—the full
list would finally evoke incredulity. With the introduetion of these new primi-
tives the notorious problems associated with “intervening variables™ and “hypo-
thetical constructs™ —in short. the whole question of unobservables—arose to
plague behavioral inquiry and to generate. finally, the well-known reaction of
radical positivism.

Without minimizing the importance of considerations regarding criteria
of meaningfulness, interpretability, applicability, and practicability that en-
sued, which remain at the center of controversy concerning admissible con-
structs and measurable properties, it is the purpose of this paper 'o emphasize
a second outcome. In the attempt to accommodate systems typical of the bio-
sphere, classical objective theory has been utilized in a manner that is indic-
ative of a trend toward modification of its theoretical perspective. A surface
indication of this trend is the curiously unnoticed practice of referring to a
supposed “object system” in certain areas of behavioral investigation as the
subject. PRehind this apparently innocuous terminology lies an implicit altri-
bution of crucial degrees of freedom to orgaric systems. When the concentual
commitments* involved in this viewpoint are made explicit, it is clear that
certain organisms, at least, are being objectified in terms of (a) hicrarchical
systems involving multiple levels of integrally related control processes that
generate (b) characteristie pa.erns of response to stimuli via stochastie
processes (i.e., selection or deecision processes) that are motivated by (c)
problematic situations involving maintenance or modification or institution of
norms at all levels, resulting in (d) behavioral “programs” that may range. in
sophistication of honmeostatic response, from selectivity through ultrastability,
conditioning, and learning and ultimately to cognition.

With regard to the taxonomy of adaptive systems proposed in this study,
what is the significance of this trend in objective theory toward the concep-
tualization of organisms as subjects? First, it may be noted that this ob-
jectification is literally entailed by adaptive systems in general having been
constituted as capable of reaetion, renormalization, and reorganization—
literally, three increasingly complex levels of homeostatic response. Next,
an observation almost impossible to miss: That this objectification is patently
based on a veiled analogy in which characteristics of human cognitive systems
as subjects (available by introspection on the part of the theorizer) are attributed
to organisms as objective properties. Finally, from the morass of problems
generated by the attempt to employ this objectification in behavioral inquiry, it
may be concluded that the trend toward modification of the objective-theoretic
approach needs to be developed into a fully developed reorientation of theoret-
ical perspective. The strategy of inquiry—a metascientific concern from
the objectivist viewpoint—insofar as it controls the fundamental process of

* Note that the creative role of the theorizer in conceptualizing and selecting this new objectification

remains covert,  This is characteristic of the objective-theoretic approach,
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objectification and setection among objectifications requires cxpticit formula-
tion within an overtly recognized methodological structure.

Such a departure Irom the traditional objectivist conception of methodology—
i.e., the injection of strategics, norms, deeision operators, and decision princi-
ples at the level of formal theory—would constitute a reconstruction* of the basic
theoretical enterprise in terms ol the addition of a prescriptive or normative
activity as a complement to the predictive aspect of inquiry featured in the
objective-theoretic perspective. Thus the most significant result that can be
drawn from the proposed taxonomy is the realization that, by virtue of its treat-
ment of cognitive selective systems typicat of the noospheve, a normative per-
spective for inquiry in general can be envisioned.

We begin with the consideration that the hicrarchy of adaptive systems,
with its incorporation of conceptual or symbolie systems, provides a category
with respect to which we have peculiarly privileged access. For the analysis
of these systems as products of the cognitive process, introspective data are
available to the theorist. Although the Iormulation of a theory of cognition is
still a decidedly open prubtem, we are able to appreciate—via the self-awareness
of introspection—eertain implications of the operations we perform in the reason-
ing process. Whatever we ultimately eome to in the way of cognitive theory, it
is surely incontrovertible that one particular feature will have to be acceded to:
That cognition as an adaptive control process constitutes (a) a decision process
operating to resolve (b) problematic situations (c) via the institution of selected
policies as norms controlling (d) objectification and selection among objectifi-
cations capable of determining (e) an unambiguous line of behavior in the con-
text of (f) terminal objeetives (or values) under (g) the constraints of finite re-
sources, subsystem stresses, and modification of idiosystem norms by an ap-
propriate supersystem.

This is to say, in short, that eognition as an adaptive ecntrol process is
identifiable as the general paradigm of the gradually emerging concept of
heuristic programming.

The significance of this realization lies in its implication concerning the
status of object constructs and cognitive models or theories, i.c., the con-
ceptual entities that emerge Irom the heuristie activity of the objectification
process. Such coneceptual entities—instituted on a trial basis and objectified
under the strategies. values, and norms of a cognitive agent—comprise, with
that agent, a subject-object dual having the character of an emergent adaptive
system. The total collection of such systems is precisely what has been
designated the “domain of the noosphere.”

With regard to the conceptions of adaptive systems throughout the taxo-
nomic hierarchy, it is now imperative to note that all these constructs appear
as elements of emergent conceptual systems in the_ﬁ)osphere. Even the basic
conception of the related domains of the geosphere. biosphere, and noosphere

"1t seems clear that there is no gensral tendency among behavioral investigators toward any such re-
orientation. The typical reaction to the injection of unrms, values, and decision processes as properties
of adaptive systems i« that of the tradistonal ebjectivist: norms, valnes, and decision stralegies are taken
to be simply additional factual propertizs of certain classes of objects, Without attention to the considera-

tion that these properties are being imputed ander control of inquiry itself by strategics, norms, and values,

the so-called “value sciences™ are corstrned as being confronted only by additional problemis of measure-
4 e i) 1 )

ment, For a critique of this view sec Saith, g



is itself an element of the noosphere. As indicated in Figs. 12a and 12b if the
content of the noosphere is detailed, a situation arises in which one element of
an initial gestalt consists of a replica* of that gestalt. In other words, the
geosphere, the biosphere, and the noosphere are themselves conceptualized
within the noosphere.

NOOSPHERE NOOSPHERE BIOSPHERE
Conceptual f

BIOSPHERE GEOSPHERE
Orgonic Inorgonic
b T TORRS
GEOSPHERE SELF.NOOSPHERE
Fig. 12a—Domains of Systems Fig. 12b—Concept of Domains of Systems

Detail of Fig. 12a.

It is clear, then, that the cognitive process affords a basis for placing
any construct whatever in the context of an adantive system, e.g., the subject-
object dual composed of a cognizer and his pronlem of inquiry (or theory) as
an object. The basic import of a normative-theoretic approach to inquiry is
concerned with the possibility of systematizing the heuristic process of trial
and error fundamental to objectification and selection. By forn:alizing the
role of the theorizer as subject with regard to the adoption of metatheoretical
controls for the selection among object theories, degrees of symbolic freedom
may be generated in a hypermodel by means of which whole classes of objec-
tifications become testable, converging onto a common theory as empirical
data accumulate.

At this point the normative approach as a methodological option must be
sharply distinguished from the imputation of normative character as an onto-
logical option. The fact that any object construct whatever may be considered
from the normative perspective of a cognitive decision system must not be

*Although this may be disconcerting at first, no actual difficulty is generated by this result. The sit-
uation is merely analogous to one in which we might propose that a certain general property holds among
the ele:zents of a given class of statements—our proposal being a statement belonging to that class. We
should be gratified rather than dismayed to find that, indeed, our proposal docs possess that property,
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construed as suggesting the propriety of anthropomorphizing objects indis-
criminately as self-systems (decision systems). To suppose that a thermostat
or even an amoeba, for example, literally constitutes a deliberative decision
system would be quite as objectionable under normative theory as under the
objective approach. The point is that, as Bellman® has demonstrated, norma-
tive theory couched in the format of the mathematics of optimization can be
utilized for the explanation of the behavior of even the most elementary mech-
anistic systems, with results that are precisely equivalent to those attained

&
\
|

) I I

s '

OBJECTIVE NORMATIVE Se
a b c d

e—0

Fig. 13—Range of Theoretical Perspectives

under a deterministic approach. It is not a requirement of the normative ap-
proach to view such simplistic systems as making decisions that optimize
their own norms; rather the optimization format represents merely a commit-
ment of the theorizer to a general strategy by means of which a class of objec-
tifications may be collectively considered. Subsequent empirical data will have
the inevitable result of reducing the symbolic freedom introduced into the
problem.

With this development, the range of tneoretical approaches extant in be-
havioral inquiry may be summarized by the diagrams in Fig. 13a,b.c,d. The
earliest version, a, following the technique of classical mechanics, assumes
the existence of a deterministic object system independent of the observer as
a subject. Under reobjectification necessitated by the evidence of incomplete
factorization, b, the theorizer covertly attributes to the “object” additional
properties suggested by his conception of a subject or self-system. With the
realization that all object systems may be considered in the context of a
subject-object dual, c, the prescriptive or norn.ative approach is engendered;
and with the objectification of a conformal hierarchy of adaptive systems, d,
normative behavior at a given systemic level may be attributed to the object
itself in a subject-object dual.

CONC LUSION

The new insight this study claims to disclose, then, does not ultimately
concern merely the rudimentary taxonomy proposed for the domain of adaptive
systems. A unitary hierarchy constituting the cosmographic domain of systems
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is presumably only what anyone might presently attempt to construct as a repre-
sentation of a generally aceeptable premise concerning conncctibility within the
systent of natural selection. There has long been a prevailing intimation of a
unitary proeess of development; it had been advanced even earlier than Aris-
totle's explicit notion of a “great chain of Being” and it recurs in almost every
systematic philosophy—most notably perhaps in Hegel's dialectic and most re-
cently in Whitehead’s conception of process and reality. There can be at pres-
ent littie question as to the general admissibility of this premise. The problem
now, as always, is to render this vague intimation operationally meaningfu}l, to
vindicate the notion by attaining a rationale of systemic development that pos-
sesses predictive and prescriptive significance. That is, we must be able to
show, in detail, how the patterns of development and behavior for the specific
adaptive systems discriminated by contemporary inquiry are conformal with a
unitary format of organization and transformation. It is our conception that

the rudimentary taxonomy proposed here can contribute toward such an achievc-
ment.

The new consideration this study puts forward, in addition to the connec-
tibility and conformatlity of adaptive systems in general. is the option of a
normative-theoretic approach—a methodological commitment to the effect that
the following procedures collectively comprise a superior strategy for inquiry
with regard to the domain of adaptive systems:

(a) Decision-oriented analysis featuring the inclusion of a decision maker
in a subject-object dual for the formulation of a hypermodel.

(by Formal or theoretic attribution of organic character to all selective
systems in the context of optimal programming.

(c) Reconstruction of epistemological—if not ontological—commitments
to provide for increased complexity of theory addressed to even the most rudi-
mentary systems.

(d) Utilization of sophisticated adaptive systems. i.e., cognitive systems,
as paradigms for the identification of primitive concepts.

This normative approach would be complementary* to the objective reduc-
tionism that has been responsible for extremely fruitful scientific accomplish-
ments but that now appears obstructive to major advance in the bekavioral
sciences. To do justice, in our primitive notions and in our theoretical format,
to the complexity of adaptive systems seems to be the appropriate order of
business.

It is our principal contention that a fruitful means of accommodating the
complexity of adaptive systems is to be found in the additional degrees of
(symbolic) freedom introduced by a hypermodel based on a formalization of
the objectification-selection process in terms of (a) a subject-object dual and
(b) a programming format incorporating the strategy of the inquirer. In addi-
tion to the efficiency of this theoretical approach (it deals, after all, with
classes of objectifications rather than singular object-miodels), the complexity

*1In the secondary sense in which “objective theory™ is used merely for the connotation that a result of
rational inquiry must he open to public scrutiny, the nornutive-theoretic approach itsell may be said to be
“objective.” In a significant extension of this notion, however, the objectivity of a normative theory refers
specifically to the requirement that (a) the theory be open to confrontation by inpnt duta that, on theory, nre
extraneons and (b) thnt the theory be stable and durable nnder snch confrontation.
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of any object-system is respected inasmuch as that system is allowed to “assert
itself” through an experimental history that is relatively unconstrained by con-
ceptual prejudgment of its ranges and degrees of freedom.

Finally, two subsidiary implications may be derived {rom this study: (1)
the peculiar specialization of management science places it in the line of poten-
tial leadership with regard to new avenues of behavioral research and (2) the
entire spectrum of disciplines comprising the behavioral sciences may profit
immeasurably fron1 new interconnections among specialties that are found to
be associated—under a refined taxonomy-with adaptive systems at the same
level of complexity. This is to say that when we are able to distinguish spe-
cific orders of complexity within the world of “black boxes,” we shall be able
to cooperate more effectively in the common task of their investigation.
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