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INTRODUCTION

In what way do perception and memory relate? Self-evide.ntly, an answer to
this question depends a good deal on how the two terms in the sought-af.ter
relation are construed. It is equally self-evident that the two terms, perception
and memory, are so intimately bound that given a definition of one, the
interpretation of the other is necessarily constrained. ' .

We present an overview of kernel themes that collectively pr9v1de the
contemporary orientation to perception. These themes have at thelr source,
or so we claim, an overarching dualism that conceives of the animal a.nd its
environment as logically independent. This collection of theme§ is the
perceptual theorist’s legacy of (at least) the. last 500 years; gnd given the
interdependence of the conceptions of perception ar}d memory, it fo_llpws that
the understanding of perception induced by this legacy conditions our
understanding of memory in the large, and not just its relatlop to perception.
It is our major intent to contrast the traditional themes )mth themes of a
radically different kind that have as their bgse ar‘nimal—envu.onment synergy
(or reciprocity). Collectively, these themes Idﬂltlf}f what might t.)e called an
ecological orientation to perception. Viewed ecologically, perception takesan
unconventional form: It appears to be a property of the ecosystem rather thap
of the animal as such; its laws seem to require a three-term logic for their
expression; and it does not appear to be propos%tiona] and medigted——to the
contrary, perception is nonpropositional and.dlrec.t. The ecological reform-
ulation of perception offers a new framework in which to pursue the puzzle of

memory.
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In keeping with the charge of this conference, we propose that the contrast
between animal-environment dualism and animal-environment synergy is
that between two departure points—one that has determined the direction of
thought on matters of perception and memory for the past five centuries (or
more) and one that might provide a new direction of thought on these matters
for the future.

THE LEGACY OF THE PAST FIVE CENTURIES

Animal-Environment Dualism

The dualism with which we are most familiar is that drawn by Descartes
between mind and body. The hegemony of this separation in philosophy,
psychology, and physiology needs no comment. Nevertheless, a case can be

made for an even more pervasive and influential dualism of which the

Cartesian kind is merely one of several significant manifestations. This
overarching dualism is that drawn between the animal and the environment:
The animal, as perceiver and as actor, is construed as logically independent of
the environment, whichit perceives, with respect to which it acts, and together
with which it evolved. What is denied is the organizational wholeness of the
animal-environment system (cf. Fitch & Turvey, 1978; Lombardo, 1973).

A primary consequence of animal-environment dualism has been the
promotion of the animal as the proper unit of analysis for psychology. In its
ideal form (cf. Lombardo, 1973), the focus of this methodology is strictly on
entities whose locus is either obviously the animal or deemed to be the animal
as a matter.of convention. In reference to perception, consider the three
varieties of psychology in the past half-millennium: physiological, mental-
istic, and behavioristic. The brain most obviously is in the animal and so, it
necessarily follows, must be the brain’s constituents. The mind is less
obviously in the animal, but it has become a matter of convention to speak as
if it were and to regard its constituents—the mental processes—as bounded
by the skin. Behavior, though not in the animal as such, is often localized in
the animal in the form of surrogate, mediating responses. Whether the
analysis be in terms of physiology, mentalism, or behaviorism, questions of
perception are read as questions of what the requisite animal-localized
entities are and how they relate.

We see, in short, that the ideal methodology has been to examine the
perceiver as distinct from the environment—a methodology that is consonant
with the following two subthemes. First, it is popular to identify the percept as
the terminus of a unidirectional causal chain that begins in the world. In this
conventional view, the perceiver and world, the animal and its environment,
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are causally separate. The causal theory of perception (Russell, 1927) suggests
that the proximal cause for perceptual experience is not the environment as
such but one of the links in the cause-and-effect chain that connects the
perceiver to his or her surroundings. Inshort, and thisis the second subtheme,
“knowledge by acquaintance” is interpreted not as knowledge of something
happening in the environment but as knowledge of something happening
inside the animal. The animal does not perceive the environment as such, but
rather an animal-analogue (more familiarly, a homunculus) perceives a
representation of the environment.

If an animal and its environment are logically independent, then one is
encouraged to speak about certain epistemic entities as being proprietary to
the animal or to the environment and to liken the animal-environment
relation to an economic transaction. The problem of the ascription of
meaning is commonly pursued in the context of an economic metaphor. The
conventional practice is to hold distinct what some environmental arrange-
ment is and what that environmental arrangement means. The former is said
to be in the physical or in the environmental domain and the latter in the
mental or in the animal domain. Thus follows the view that neural, or mental,
or mediating response processes give meaning to meaningless sense data or,
more generally, that the animal gives meaning to the environment. The
economics of the situation is that the environment supplies the signs and the
animal supplies the significances.

There are many more manifestations of the animal-environment dualism
—some of which are fleshed out in the remarks that follow, For the present it
would be valuable to shore up the claim that mentalism and behaviorism both
adhere to the methodological ideal fostered by the dualism. Behaviorism
would seem to lay great store by the environment; at least behaviorism’s
explanations of psychological phenomena are environmentally tinged to the
degree that mentalism’s explanations are not. Moreoever, logical (Ryle,
1949), methodological and radical behaviorism (cf. Skinner, 1974) reject
mind-body dualism; whereas by and large, the various forms of mentalistic
psychology have, over the ages, courted Descartes’s separation. Indeed, the
commonplace understanding is that mentalism and behaviorism are mutually
exclusive; and we should argue in consequence that if mentalism endorses the
methodological ideal of animal-environment dualism, then behaviorism
most surely cannot. A brief deliberation, focused on the concept of
environment, is sufficient to disarm such arguments and to lead us to the
important conclusion that theories that distinguish on the issue of mind-body
dualism may be indistinguishable on the issue of animal-environment
dualism—a conclusion that points to the latter dualism’s overarching status.

The term environmentalism is not uncommon in behavioristic psychology.
It is a synonym for past experience with the environment and is meant to do
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explanatory duty similar to, but distinguishable from, nativistic abilities on
one hand and mental processes on the other. But just as appeals to innate
capabilities as explanatory principles are often gratuitous, with the nature of
the capabilities left largely unanalyzed, so are appeals to environmentalism.

The term environment is used interchangeably with the terms stimuli and
reinforcement contingencies. One interpretation of this commutativity of
terms is that the environment is an independent variable in relation to the
dependent variable that is the animal’s behavior. This unidirectional relation
is reminiscent of the causal chain theory of perception, and it is congruent
with the methodology of animal-environment dualism. A further interpreta-
tion of the commutativity of environment with stimuli and reinforcement
contingencies is that the environment is conceived of in a very general sense.
Let us explain,

Contemporary behaviorism shares with its intellectual predecessors the
beliefs that learning is a general capability and that the laws of learning will
hold uniformly across all species. It is the case, however, that each species
occupies a different niche where species and niche are defined relative to each
other. In brief (and anticipating a larger point of this paper), environments
are specific to species, and learning as a facultative adaptation (Williams,
1966) ought to be specific to environments. We may well suppose, therefore,
that learning is not a general process differing only quantitatively from one
species to another; rather, it is a special ability that differs qualitatively from
species to species, paralleling the qualitative differences in theirenvironments.

There is no recognition of the fundamental species-specific aspect of the
concept of environment in behavioristic psychology. For that psychology, in
both its past and present forms, the methodological axiom has been to
construct ‘surroundings for an animal that can be reliably and easily
controlled by an experimenter. The environment has been experimenter-
specific rather than species- or animal-specific. And to this methodological
axiom are added the selection of a “representative” animal for the
investigation of the laws of learning and the selection of a (piece of) behavior
for investigation according to the criteria of reliability and ease of
measurement (cf. Skinner, 1957). Collectively, these axioms define the
behaviorist methodology, and they are clearly in keeping with the ideal
method of animal-environment dualism, If one were to summarize current
feelings toward the laws of learning, the summary would bespeak a relativistic
rather than uniform view: Learning depends in important (coimplicative)
ways on the animal doing the learning, the behavior being learned, and the
situation in which the learning is occurring (cf. Bolles, 1975). But this, as
remarked, is to anticipate our argument. The section that follows is more
pedestrian. In it we identify the doctrines that have been the bedrocks of
perceptual theory in the present and past centuries.
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The Inadequacy of Stimulation and
the Need for Epistemic Mediators

The received status of proximal stimulation is that it relates poorly,
equivocally, to its distal referent, the environment. The retinal image has long
been taken as the apposite optical basis for visual perception; yet it is by
traditional definition a bidimensional, inverted, distorted, and temporally
frozen image of the environmental layout at which the eye is directed.
Moreover, under traditional analysis, the same retinal image can result from
an indefinitely large number of distal stimuli, and vice versa. To quote Koffka
(1935): “for each distant stimulus there exists a practically infinite number of
proximal stimuli; thus the ‘same stimulus’in the distant sense may not be the
same stimulus in the proximal sense; as a matter of fact it seldom is[p. 80].”

Not unrelatedly, the descriptors of light and sound as provided by physics
have been taken as the received descriptors for the purpose of perception.
Thus, an acceptable description of light is that it is radiant energy in the form
of quanta (photons, for visible light) that can vary in mass and energy. From
the perspective of the retinal mosiac, light rays are distinguished only by
intensity and wave length; and the ageless mystery, then, is how the rich
vocabulary of visual perception is induced from the impoverished vocabulary
of the light,

In short, the past and current claim is that the energy distributions at the
receptor surfaces are insufficient in richness and precision to account for
perception. If the energy distributions underdetermine perception, then
mechanisms must be proposed to redress the imbalance. Putatively, the
animal as perceiver must bring to bear sources of knowledge such as
memories and concepts and intellectivelike operations, such as hypothesis
testing and inference, in order to achieve an adequate perception of its
environment. Perception, in the conventional view, is epistemically mediated
(Shaw & Bransford, 1977; Turvey, 1977).

Let us express the fundamental premise guiding theoreticians in the past
half-millennium as follows: The relation between proximal stimulation and
environmental properties is intractably equivocal or nonspecific. To this
doctrine of intractable nonspecificity, should be added the following
doctrine: the independence of perception from stimulation. The often-cited
evidence is that where proximal stimulation is fixed, perception may vary
(c.g., the Necker cube); and where proximal stimulation is varying,
perception may be unchanged (e.g., the retinal orientation of an object in the
frontal plane varies with head movement, but the perceived orientation does
not). In accepting these doctrines as identifying the initial conditions for
perception, it follows that insofar as perception is veridical, insofar as the
animal and its environment relate adaptively, the animal as perceiver must
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embody a theory of the environment and a theory of how the environment
structures energy distributions. Whatever epistemic mediators are proposed,
if they are to be taken seriously, they must subsume as a minimal requirement
both theories. Nothing less will suffice as a basis for discerning the meaning of
the light at the eyes, of the pressure waves at the ears, of the molecular
distributions at the nose, etc. :

The thorny issues to which the conventional view is heir have never been
resolved satisfactorily. These issues, at their core, are questions of origin. Itis
well and good, perhaps, to postulate mediational mechanisms that are
essentially embodiments of knowledge about the world if one can present a
sensible means by which that knowledge is made possible. Echoing Pattee
(1970), one cannot divorce the mechanism question of “How does it work?”
from the origin question of “How did it arise?” And it can be argued (and is,
later) that neither empiricism nor nativism have responded convincingly or
even seriously to the latter.

In view of the problems it gives rise to, why have scholars (both past and
present) accepted the traditional analysis of the physical basis of perception as
sufficient for their purposes? Faced with the erstwhile doctrines, the student
of perception has had two options. Figuratively speaking, one option is to
pack whatever epistemic entities are needed between the proximal stimulus
and the percept so as to derive the self-evident perceptual complexity and
consistency from the imputed physical simplicity and equivocality. This
option, as intimated, has been virtually the universal choice for the past half-
millennium, The other option is to assume that the doctrines are false and
(pursuing the figure of speech) to pack whatever Physical entities are needed
into the physical basis for perception so that it and perception are of the same
order and are compatible. This option has been almost universally ignored.
The choice of option, we believe, has been dictated by the implicit acceptance
of animal-environment dualism.

The point about the dualism, in this respect, is that it fosters tolerance for
discrepancies between animal-related statements and environment-related
statements. If animal and environment are thought of as logically indepen-
dent, then it is not upsetting norespecially surprising to learn that the descriptors
of one do not fit the descriptors of the other (as the classical descriptors of the
light reflected from the environment do not fit the descriptors of visual
experience). If the animal and its environment do not comprise an

organizational whole and if the animal is taken as the relevant unit of analysis, .

then the idea of a nonspecific, orderless medium (e.g., the light) is tolerable
and the conferring upon the animal of capabilities for imparting specificity
and order is a relatively simple, and natural, theoretical gambit.

With respect to the options noted, then, there is a further but related aspect
of animal-environment dualism that would hamper pursuit of the second
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option and reinforce choice of the first option. Essentially', it is the issue of
reductionism. This issue most commonly focuses on the animal: Can r_nental
processes be reduced to material processes? Can life be reduced to physics? At
the heart of the issue is the understanding that there is more than one level at
which an animal can be described and that these levels range from very fine-
grained descriptors to very coarse-grained descript.ors.—.for example,
subatomic particles to the contents of consciousness. It is similarly the case,
however, that proximal stimulation and the envirgnrpent_ canbe addn:essed at
a number of descriptive levels. The issue of reductionismis no lftss anissue for
proximal stimulation and the environment than it is for the animal, but there
is a conspicuous asymmetry of concern in fa.vor of th; latter. For p'resent
purposes, we need only note that given animal-environment d}xallsm, a
theorist can deny vigorously a reductionist argument.for‘ the animal as a
perceiving agent and yet accept unquestioningly a reductionist argument, say,
for the optical support of visual perception (s'ee Fodor, 1975, for a
contemporary example). More commonly, a theorist can choose one grain
size of description—often coarse—for the animal and anOther grain size of
description—often fine—for stimulation. Although a theorist is willing to
remark that the light, after all, is nothing but photons(see Boynton, 1975), h.e
or she would presumably be less willing to remark that the animal, after all, is
nothing but atoms. '

At all events, given the two aforementioned doctrines, let us proceed to
assess the classical stances of empiricism and nativism with reference to the
origins of the knowledge needed for perceptual efficiency.

The Problem of Origin: The Solution from Empiricism

The difficulty with assessing the empiricist’s approach to the origin quc.s.tlc'm
is that empiricism is never pure. A rule of thumb says scratch an empiricist
and you will find a rationalist. Thus it is more accurate to descrl.be Ar'lstotle as
a “less extreme rationalist than Plato” than it is to describe him as an
empiricist. Locke refuted innate knowledge in general but z}llowed Phe
concept of substance and admitted experience-free and question-begging
operations such as reflection and judgment. An'd'the g‘reat l9th-cen_tur3:
empiricist, von Helmholtz, saw fit to propose explicitly a “law of causation
as a law of thinking prefatory to experience and more generally to presume
the laws of inference. ‘ o .
Berkeley (1709/1964) devised an enormously influential empiricism th.h
reference to vision. His favored metaphor was that vision was like languagg in
that the variables of light had no more meaning for an experientially naive
observer than would a word in Russian have for a non-Russian-speakmg
person. For Berkeley, the ascription of meaning to the variables of light was
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achieved by association with the products (ideas) of specific tactile or
kinesthetic experience. But Berkeley’s solution is a notorious nonsolution to
the origin questions and for a number of reasons. Most blatantly, it is a
solution that both accepts and denies the doctrine of intractable nonspecific-
ity; the doctrine is accepted for vision (hence the ascription of meaning
problem in that modality) and denied for haptic perception (hence the
rationalizing role imputed to tactile and kinesthetic ideas). The hidden claim
is that haptic perception cannot itself be mediated epistemically if it is to
epistemically mediate vision in the manner desired (Mace, 1977; Turvey,
1977). Clearly, the fundamental inconsistency of Berkeley’s solution makes it
undesirable. At the very least, it raises the heretical question, for conventional
theory, of why even one modality should not suffer from nonspecificity of
stimulation and not require any kind of epistemic mediation, Nevertheless,
we should note that the Berkeleyean (non)solution was promoted by scholars
in the last century (e.g., Helmholtz, 191 1/1925) and continues to be invoked
by scholars in the present century (e.g., Gregory, 1969).

Let us press empiricism’s solution to the origin question a little further so
as to reveal more of its inconsistency. Recall that epistemic mediators must
minimally subsume a theory of the environment and a theory of the way in
which the environment structures energy distributions. Is it possible that a
specific-association mechanism, such as that proposed by Berkeley and
championed illustriously by Helmholtz, could achieve in principle this
minimal requirement? Helmholtz spoke as if he meant for rules or algorithms
to be applied and as if he assumed the internalization of the theories in
question; it is true, nevertheless, that he described no mechanism other than
specific associations. A blunt result of 20th-century science is that a device
constructed in strict accordance with specific associations is inept at rule
acquisition and by extension at theory construction. The proof rests with
showing that finite state automata, formally equivalent to specific-
association mechanisms, are limited to the acceptance of Type 3 languages!
(Hunt, 1975).

We may justifiably claim that with regard to the origin of minimally
sufficient epistemic mediators, a specific-association mechanism will not do.
Let us therefore take the liberty of proposing a different acquisition
mechanism but one that is continuous with the commonplace empiricist
emphasis on perception as a matter of hypothesis testing. Let us propose that
the minimally sufficient epistemic mediators are acquired through a process
of projecting and confirming hypotheses.

IThat is to say, one-sided (right or left) linear grammars, Put differently, finite-state automata
are incapable of the rules that underly the multiple embeddings of natural-language sentences.
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A representative example of the rules or algorithm that’ Helmholtz had'm
mind and one that is a popular choice of neo-Helmholtzians (e.g., Epst.em,
1973, 1977; Rock, 1975) is the size-distance invariancg hypqthems: A given
proximal extent determines an invariant ratio of percelveq size to pgr(felved
distance. The size-distance invariance hypothesis emphasizes covariation of
percepts; thus, the perception of size tak'es into account pergelved filstancc?,
and the perception of distance takes into account perceived size. T}'us
hypothesis can be said to entail knowledge about. env:rqnment.a] properties
and about how the environment structures proximal §t1mulatlon in that it
relates to the fact that if the metrical distance of an ob!ect ffom an obset_'ver
increases, its metrical size must also increse ?f the metrical size of the retinal
image corresponding to the object is to remain un.changec.i. Let' us refertothe
size-distance invariance hypothesis as the size-distance invariance concept,
the reason being that we wish to view acquisi?ion as a process—of projecting
and confirming hypotheses—that eventuates in some u§eful conception of the
environment. Can an animal, in principle, acquire the size-distance

invariance concept? ' '
Let the animal be in the following conjectural state with respect to the

environment: “If an object O projects a proximal extent. (visual angle)s:md is
perceived at a distance d (from me), then Q‘s size js given 'by: S =sd. Th,lS
hypothesis would be confirmed by the algorithm being consxstent!y correct 13
an (indefinite) number of instances. Let us worry ‘about consistency an
correctness, separately. A minimal assay of the consistency of the algorithm
would be given by comparing estimates of S at two dlsta.nces'(dl and d'z) apd
therefore necessarily at two times (f1 and f2). The comparison is shqwn in Fig.
9.1. If S = sid, = s52d>, then this constitutes minimal confirmation _of the
consistency of the hypothesis. However, since we canpot compromise the
doctrine of intractable nonspecificity, a number of ancﬂ]ary_assays must be
conducted in order to guarantee the legitimacy of the comparison. Itis worth
pausing at this point to see what is at stake. ' ' ' .
When the object goes to dz, there is a change in the proximal sur.nulatlon'. In
order to conduct the comparison in good faith and to protect iself agamst
false conclusions, the animal needs to know whether the change in the
proximal stimulation is due solely to displacement. Suppose that the two
estimates of S do not agree. Is the disagreement due to the fact that the
algorithm is incorrect, or is it due to o.ther undetected cha.nges that
accompanied (causally or otherwise) the displacement? According to the

— ==

FiG. 9.1
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nonspecificity doctrine, the proximal stimulus is ambiguous with reference to
the distal object per se and with reference to the changes undergone by the
distal object. Empiricist theorizing is permitted no fair accompli; given
intractable nonspecificity, nothing is given.

The point is simply this: To test the consistency of the algorithm, the animal
must be assured that only the variables of the algorithm have changed
between tests. It must determine, in short, (and much like the scientist) the
constancy of the irrelevant variables. To assess the consistency of S = sd
entails answers to (at least) the following questions:

1. Has O been preserved over time and displacement? That is, is the O at 1,
(or d2) the same O as at 11 (or d1)? This identifies the problem of constancy of
identity. If the evidence is that O at 1 is not the same O at ¢, then the
comparison of sid; and s:d: is invalid.

2. Has O’s size been preserved over time and displacement? That is, is the S
at 1 (or d>) the same S as at ¢, (or d;)? This identifies the problem of constancy
of size. If the evidence is that the size has changed, then the comparison is
invalid. Unfortunately, the point of acquiring the size-distance invariance
concept is to achieve size constancy.

3. Has O’s orientation been preserved over time and displacement? That s,
is the orientation at 1, (or d;) the same orientation as at ¢, (or d)? This
identifies the problem of constancy of object orientation. If the orientation
has changed, then the comparison is invalid, because proximal extent is a
function of the slant of the object, as Fig. 9.2 demonstrates.

4. Has the animal’s orientation to O been preserved over time and
displacement? That is, is the orientation of the animal at r, (or d>) the same
orientation as at ¢; (or d1)? This identifies the problem of constancy of
perceiver orientation. If the animal’s orientation has changed, then the
comparison is invalid, because proximal extent is a function of the eye’s
orientation to O.

5. Has O’s shape remained the same over time and displacement? That s,
has O undergone a nonrigid transformation from ¢, (or d;) to 1, (or dy)? This
identifies in part the problem of constancy of shape. If O has undergone a
nonrigid transformation, then the comparison is invalid, as Fig. 9.3 suggests.

We take the conclusion of this line of reasoning to be that if there is a set 4
of algorithms to mediate the set C of perceptual constancies, then determining
the consistency of any one algorithm, a; (to mediate the constancy, c¢),
requires that the set 4 be at the disposal of the animal. This conclusion is
clearly contradictory to the aims of empiricism.
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Assuming, nevertheless, that consistency could be established in a manner
consistent with empiricism, we ask: Would it be sufficient? If an animal (or a
theorist) were content with phenomenal descriptors—that is, descript.or‘s
relating solely to how things looked—then consistency might be a sufficient
criterion for confirming hypothesized algorithms. It would matter only that
for a given distal object or property, the said algorithm woqld consistently
yield the same phenomenal descriptors; on such consistency, stable
discriminations could be drawn and category labels reliably ascribed. In the
extreme, it is imaginable that a distal object X, by virtue of a given algorithm,
would look like Y. That is, X could consistently be given a phenomenal
description that is not consonant with the properties of' X but with the
properties of some other object, Y. Filling in the dummy variables, X 'could be
a saber-toothed tiger and Y a tropical flower. If an animal (or a theorist) were
content with phenomenal descriptors, then the physical and behavioral
dissonance between tiger and flower would matter little. It would, on the
other hand, matter a great deal if the animal (or theorist) were not content
with how things looked but needed to know, in terms of activity, how things
related to it and how it related to things. .

For any activity to be realized, the material design of the gmmal an'd t}_le
material design of the environment must be consonant. This mutua}hty in
material design is the support for activity; for example, locom_otlon by
ambulation is possible only if the ground surface can supply reactive forcc?s
complementary and equivalent to those forces supplied by the amma.l. This
mutuality, of course, is a matter of physics and cannot be compromlse'd. It
follows, then, as a reasonable claim, that for the realization of actions,
perception in the service of action cannot simply be consistent; i‘t must be
correct. At least it must be correct in the following sense: The animal must
veridically perceive the physical nature of the environment in referenge toits
own physical nature if it is to behave adaptively; algorithms that coqsmtent!y
miscalculate or misrepresent distal objects in reference to the animal will

" invite physically unrealizable activities and behavioral chaos. The point we

are guilty of belaboringis an obvious one: A perceptual theory res_tricted to an
account of the phenomenal contact between animal and environment is
considerably less constrained and more arbitrary than a thef)ry that
respectively includes an account of the physical contact between animal and
environment. ‘

At all events, the preceding suggests that in reference to confir'mmg a
projected algorithm, consistency is insufficient. If, in addition to consistency,
correctness (as minimally defined) is required, how might it be determined?
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Suppose that a visual algorithm a; consistently miscalculated the
environmental property pi, which is relevant to the control of some activity.
Now according to the official doctrines, proximal stimulation is not specific
to the distal object and perception is independent of the proximal stimulation.
It follows, therefore, from the official doctrines that the percept “p;” does not
correspond to p; itself but to a surrogate for pi—namely, the end product of
the algorithm. If the animal could determine the degree to which p; was
consistently miscalculated—that is, the degree to which the property and the
percept were at odds—then it could, in principle, make compensatory
adjustments to ensure an adaptive relation to pi. This strategy, however,
presupposes that the animal can become apprised of the dimensions of p;
through some means that is independent of the algorithm a;. For reasons cited
above, we cannot allow that haptics is this alternative, independent means if it
is intended that haptics makes this appraisal directly. We might allow a
comparison of the property pi as calculated by the algorithm a; with the

property as calculated by a haptic algorithm. But the comparison in question

would be of two percepts corresponding to two internal representations
(namely, the products of the visual and haptic algorithms), and neither can lay
a greater claim to legitimacy than the other.

The muddle that arises is owing to a failure to uncover, within the
framework of empiricism, any legitimate kind of knowing that is epistemo-
logically unquestionable. It has been suggested (Fodor, 1975), however, that
such epistemic incorrigibility is not really needed. All that is needed is that
some kind of knowing—in the context of the present argument, some
algorithmic consequences—be unquestioned rather than unquestionable, But
this solution bears the traces of legerdemain; an unquestioned but incorrect
algorithm as a bench mark could hardly guarantee that other algorithms will
be adjusted in the direction of a truer fit to reality,

Let us summarize to this point. The question was raised of whether an
animal could, in principle, acquire the size-distance invariance concept (as
exemplary of the concepts that mediate constancy of perception). The answer
appears to be “no” even when the animal is assumed to have the remarkable
acumen to propose hypotheses that bear closely on the nature of the
environment and the relation between the environment and the light it
structures. This acumen, of course, expresses more than just a shade of
rationalism; moreover, it invokes nativism. Empiricism’s solution to the
question of origin, the question of how the animal can come to embody the
knowledge needed to achieve perception, reduces to an appeal to a priorism.

We soon inquire whether mechanisms for achieving constancy could have
evolved. Our immediate concern is to pursue the comparison between
empiricism and rationalism, for most fundamentally, rationalism sought to
impugn—on logical grounds—the validity of perception as an instrument of
knowledge.
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The Primacy of Reason Versus the Primacy of Perception

Rationalism rejects the empiricist’s claim that all forms of knowledge can'be
reduced to just one—namely, perceptual knowledge. Moreover it reject§ with
equal vigor the notion that perception has primacy over other “faculties of
mind.” Typically, rationalists have so distrusted the senses as a source of
knowledge about the world that they have disavowed any knowledge that
does not arise either de novo by logical inference or by logical induction from
the sparse evidence that the senses on occasion may yield about' the,world.

The skepticism toward empiricism leads rationalism to disqngulsh tpe
appearances of the perceived world (phenomena) from the reality that lies
behind such appearances (noumena), a reality that is knowable on'ly by
rational construction or induction that goes beyond any form of experience.
Often in this regard, the fruits of theoretical science (e.g., invisible microbes,
unobservable particles, or hidden stellar energy sources) are taken as evidenc':e
for skepticism regarding the extent to which human experience can, even in
principle, reveal nature’s hidden face. For instance, the Copernican
revolution and the eventual rejection of the flat-world hypothesis are often
cited as significant examples of where our senses have misled us into believing
something that reason was eventually able to reveal as patently false. Thf: fact
from appearance that the sun rises and sets was replaced by the'ratlonal
conclusion that it is the earth that moves around the sun rather thanvice versa.
And although the earth appears to be relatively flat, reasonable arguments to
the contrary were launched and embraced by the scientific community
centuries before astronauts were able to provide corroborating perceptual
evidence. In like vein, the objects of the earth such as rocks, tables, metal rods,
and crystal balls appear as densely packed, static solids; however, physical
theory, in contravention of thesenses, informs us that these perceived SO!IdS are
in reality clouds of swirling particles whose interstices contain more void than
mass. On this line of argument, appearance and reality are largely distinct; and
where they are at odds, reason is the final arbitrator.

It is therefore no great leap to the conclusion that theoretical (rational)
science has dealt a severe, perhaps fatal, blow to the hypothesis that
perception is primary and, in so doing, has updergu} the foundatioq of any
type of empiricism. But the cogency of this 1mp11c1t.arg|:1m'ent against the
primacy of perception rests with the legitimacy of distinguishing appearance
from reality, a conceptual dichotomy that is a variant of animal-environment
dualism. .

Let us proceed to the arguments often cited by empiricists for a theory of
indirect perception. For interestingly (or ironically) enough, the arguments
on which empiricists postulated inferred entities to stand between the knower
and the knower’s world are the very same arguments that invited rationalists
to separate appearance and reality.
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The Argument from Illusion (or the Argument from Failure of
Specification). Taken to its necessary conclusion, the argument from
illusion is generally thought to provide the skeptic with an unassailable
position from which to chide empiricism. More positively, the argument is
used to buttress a belief in phenomenalism (Ayer, 1940) or in subjective
idealism (Berkeley, 1713/1964).

The plausibility of the argument from illusion derives from the fact that
things sometimes appear different to different people or to the same person
under different circumstances. The early empiricists (like Locke) and later
ones (like Moore and Russell) concluded from the fact of variant appearances
that some sensible qualities (sometimes called “secondary” qualities) such as
colors or odors do not really belong to the objects. Rather, objects are to be
identified only with their so-called primary qualities such as shape. Therefore,
secondary qualities, such as color, because they do not necessarily belong to
the object, must belong to some intermediary entity—an epistemic mediator
(e.g., a retinal image or brain-state) that intercedes between the perceiver and
his or her world. Such mediating epistemic constructs were usually called
“sensa” or “sense data.” Significantly, in the postulating of intervening sense
data, empiricists ally themselves with a realism that is indirect rather than a
realism that is direct.

The dogmatic rationalist often argues that this same argument reveals a
chink in the perceptual armor of empiricism, because it can just as well be
legitimately used to cast plausible doubt upon the veridicality of so-called
primary qualities. Just as an object that is green may appear blue under
yellow light, so an object that is circular may appear elliptical from a
different perspective. Therefore, one must “perceive” sense data (phenome-
na) in all gases rather than the actual objects (noumena), so that
phenomenalism rather than realism is the only possible contribution of
perception. In short, there is a failure of referentiality or specificity in that
the patch of color fails to index uniquely a distal object. Moreover,
because any properties perceived may be on some occasion “p” and on
other occasions “not-p,” it is impossible to trust perception as a true source
of knowledge; surely such a logical contradiction can only inhere in
appearance and not in reality; no real properties would show such
inconstancy. For this reason, it can be argued (e.g., Berkeley) that the
primary-secondary property distinction is an invalid contrast. One can no
more perceive the true shape of things than one can perceive their true
color.

Thus, empiricism was and is hoisted on the twin petards of its implicit
dualism: On one hand, empiricism is confounded by the dilemma that if it
repudiates the notion of secondary qualities and claims that all perceived
qualities of objects are primary, then it is guilty of naive realism—thereby
exposing the theory to serious attack from the skeptic who uses the argument
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from illusion. On the other hand, if empiricism seeks to parry this thrust of the
skeptic by holding firm to the distinction between primary and secondary
qualities, then the argument can be used to infirm not only the usefulpess pf
secondary qualities but that of primary qualities as well. Assuming its
validity, the rationalist can wield the argument as weapon, forcmg'the
empiricist to yield up realism to phenomenalism. What begins as a sh'ght
retreat of empiricism from naive realism to the apparently more defen'sx'ble
fall-back position of indirect realism ends in a full-fledged route of empirical
realism.

The Argument from Incomplete Specification. Assuming it to be v'alifi,
the argument from illusion leads inevitably from the somewhat timid
admission by empiricists that some perceived qualities may not be real to the
terrible confession that no perceived qualities may be real. The argument
from incomplete specification has equally dire consequences for empi.ricism
as realism. Following Anscombe (1965), the argument can be summarized as
follows:

A hunter aims his rifle and fires at a dark brown patch seen through the
green foliage of the forest. Later he discovers much to his dismay that he has
unintentionally killed his friend rather than a stag. In this example, the brown
patch seems to serve two contradictory perceptual functions—one as an
intentional object (the stag) and one as a material (or referential) object (his
friend). To avoid this apparent contradictory outcome, which defiles
perception by allowing it to be a source of error rather than of knowledge, it
seems advisable to give up a theory of direct perception in favor of an indirect
one. From the fact that perception can serve either an intentional function or
a material function, to avoid contradiction we must conclude that a sense
datum (e.g., a dark brown patch) exists as a perceptual mediary that serves
simultaneously as a partial specifier for the intentional object (e.g., the stag)
and the material object (e.g., the friend). Error arises because imagination
(i.e., invalid inference) can sometimes lead to a fallacious perceptual
judgment.

The possible role of imagination in perceptual judgment must be assumed
by the traditional empiricist so as to leave unbesmirched the reputation of
perception per se as a source of knowledge. For if the empiricist assumes that
no imagination is ever involved in the process leading to perceptual judgment,
then it would follow that no real difference should exist between intentional
and material objects of perception. But such an admission would force
empiricism into either of two equally untenable positions: Without
imagination as a part of the perceptual judgment process, no errors should
ever occur from our perception of the world; or, if it is admitted that
imagination can sometimes elaborate sense data to construct intentional
objects, then how can it be guaranteed that imagination does not do so in
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every case, so that perception may always be of appearances and never of
reality??

The contrast between empiricism and rationalism is most easily drawn with
reference to two distinct questions. First, what is the source of an animal’s
knowledge? And second, what is the backing for it? Empiricism answered
both questions in essentially the same way—“observing events.” Rationalism
on the other hand answered the first question by an appeal to innate
capabilities, an answer referred to as “nativism,” and answered the second
question by an appeal to reason. The argument from illusion and that from
incomplete specification appear to contravene the empiricists’ claim that
observation or perception is a privileged source of knowledge about the
environment and a privileged means for justifying what is known. On these
arguments the requisite epistemic mediators—knowledge of the environment
and how it structures energy—cannot arise a posteriori. Let us, therefore,
consider the claim that they are innately given.

The Problem of Origin: The Solution from Nativism

We will be reading the solution from nativism as the solution from
evolutionism. At issue is the question of whether or not the knowledge
reputedly needed to achieve perception could have evolved, given the
boundary conditions defined on perception by the doctrine of intractable
nonspecificity and the doctrine that perception is independent of stimulation
(or, conversely, that perception is dependent on internal representation).

2As the title of this chapter implies, we are clearly of the belief that an empiricism is needed.
What‘the conundra identified here suggest, however, is that the establishment of a tenable
empiricism will require a radical reconceptualization of perception (and a most careful
assessment of the notion of error) so as to take “perception” out of the propositional domain in
which it can be said to be either right or wrongand to relocateitina nonpropositional domainin
which the question of whether perception is right or wrong would be nonsensical. Is it that the
proper domain of perception is ontology rather than logic or epistemology? If it were, then
perception would be characterized as a state of affairs, and like other states of affairs that
constitute the facts of the world (such as galaxies, water, living things, etc.), it would be
necessarily true by force of existence rather than possibly true by force of argument,

In addition, and closely related, the conundra identified here suggest that the establishment of
a tgnable empiricism requires that an understanding of “reality” be sought, which for any given
animal dissolves the dichotomy of appearance and reality, or the dichotomy of intentional object
and material (or referential) object. In part, this dissolution demands a single vocabulary of terms
}hat are symmetric and reflexive, a vocabulary in which animal-focused descriptions are always
in reference to the environment and environment-focused descriptions are always in reference to
.the animal. These thorny issues for a tenable empiricism, in which perceiving is the
incontravertible source of knowing what is real, are touched upon in the present chapter and are

the subject of a considerably more aliventurous treatment elsewhere (Shaw, Turvey, & Mace, in
press).
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In Neo-Darwinian theory, random variation is affected through mutation
defined as change in a chromosomal gene; selection is of those mutants that
are most prolific; and what matters is that the gene pool undergoes
continuous change.

Let us inquire about the evolution of the size-distance invariance concept.
As before, we may take this concept—or algorithm—as representative of the
kind of knowledge that would make for stable perception in the face of
equivocal and ever-changing stimulation. And the significance of this kind of
knowledge to the conventional account of perception should not be
underestimated: “The perceptual world without constancies would be a
bewildering experience that would make the acquisition of adaptive behavior
extremely difficult” (Epstein, 1977, p. 6).

It is not unreasonable to conceive of learning as a speeded-up version of
evolution in the sense that learning is a means by which an adaptive relation
between animal and environment can be established in a relatively short
period of time. When learning intervenes, an animal can be said to know
something at a later point in time that it did not know at an earlier point in
time. Similarly, it can be said of an evolving species that if one of its members
possesses some property at a later point in time ("), there was an earlier point
in time (') at which an ancestor of the said member did nor possess that
property. Let the property in question be the size-distance invariance
algorithm. Now it is necessarily assumed that at ¢ the ancestor and its
environment were relatively well adapted. The ancestor at ¢’ was able to
multiply in sufficient numbers so as to provide the variability on which
natural selection could act to produce the better adaptation at ¢”. It follows,
therefore, that for the adaptive relation to have existed at ¢/, the ancestor must
have possessed a goodly number of the constancy algorithms. Without these
algorithms, the experiences of the ancestor would have been bewildering and
its behavior with reference to its environment essentially chaotic. Consider
the following (nonexhaustive) features of the environment that with reference
to the control of behavior ought to be perceived as constant despite variations
in proximal stimulation: Object and surface properties such as position, size,
slant, shape; event properties—more precisely, styles of change that can be
participated in by a large variety of different objects such as starts, stops,
collisions, touches, breaks, approaches, retreats, falling, rotations, etc.; and

relatedly, animal actions such as the behavioral displays that mark aggression
and courting. The latter two classes are often ignored as constancy problems,
but they are as deserving of consideration as the constancies of object
properties. After all, if it is claimed that stimulation is equivocal about object
properties such as size and shape, it must also be claimed that stimulation is
equivocal about styles of change and the behavior of conspecifics.

Consider now an ancestor at an evolutionary point earlier than 7.
Presumably, by the above reasoning, the ancestor did not possess some of the
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constancy algorithms at  that the later ancestor possessed at #’. But given that
natural selection always assumes a reasonably efficient perception-action
capability in that it presupposes the means of self-preservation and
reproduction, then it must always assume constancy algorithms of some kind
at any earlier evolutionary point that we choose. Unfortunately, this last
sentence touches upon the issue that makes some scholars (e.g., Bertalanffy,
1969; Moorhead & Kaplan, [967) skeptical of the theory of evolution in its
current form. Natural selection acting by way of differential reproduction
presupposes the essential attributes of life (e.g, self-maintenance, reproduc-
tion, adaptability), thereby making circular the argument that these attributes
are the effects of natural selection. While admitting to the inadequacy of
natural selection as a directive force in evolution, one should not at the same
time construe constancy algorithms as being entities of the same conceptual
status as adaptability, reproduction, etc.

A constancy algorithm always presupposes sensitivity (however crude) to
the surrounding medium. If the surrounding medium is not modulated by the
organism’s environment in ways that are specific to the environment, then the
organism’s sensitivity cannot register, and the organism cannot become
sensitive to, the specifics of the environment with respect to which adaptation
occurs, Consequently, there can never be a perceptual origin for the kind of
knowledge that is said to mediate perceptual constancy. We are led to
conclude either that some minimal set of constancy algorithms was available
a priori—that is, extraevolutionary—or that the problem of the constancies
has been ill conceived.? The former conclusion is indefensible, and the latter
conclusion may draw support from the earlier discussion of what acquiring a
constancy algorithm would entail.

+

3With respect to the animal as perceiver, there are two logically separable demands put on
evolution by the assumption of intractable nonspecificity. One demand is to make the animal
sensitive to the basic descriptors of at least one, but generally of several, forms of energy. The
other demand is to provide the animal with the kinds of knowledge needed to make correct
inferences about (or to project correct hypotheses about, or to construct a correct representation
of, etc.) survival-relevant properties of the world from the basic energy descriptors. The latter
demand is what we have referred to previously as the problem of origin for traditional perceptual
theory; more poignantly, the mystery of where the requisite knowledge comes from. But suppose
(as we do in the pages that follow) that contrary to traditional understanding, an energy medium
as structured by an environment is specific to the properties of that environment (such as surfaces
of support for locomotion, enclesures, behaviors of conspecifics, etc.). On this supposition,
evolution’s task with respect to the animal as perceiver is eased and, we believe, made feasible.
The single task is that of making animals sensitive to the invariant relationships in the structured
energy media that are specific to the properties of the world relevant to their survival. Sensitivity
to some invariants embodied by structured energy is sensitivity to or knowledge of some
properties of the world. We submit that the origin of this sensitivity is a tractable scientific

problem unlike the origin of knowledge in the traditional theories of perception, which looks like
an insoluble mystery.
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Indeed, from an evolutionary point of Yiew, the traditional acs:ounts o?
perception that propose epistemic~ medla.tors and the nonprlm;lcy o
perception look more than a little curious. First, there seems to l;lave een :n
implicit assumption that the eye as an organ ?volved priortot e meanls by
which the eye’s images might be interpret;d. Itisnotan exaggel_'atlon t;)c claim
that the focus of visual perception theory in the past five centuries has. cen on
the mechanisms that operate on the 'retmal lmage'a'nd cpnYert it ;:nlo a
meaningful “cerebral image.” In evolutionary terms, it 1§ as lf v1su'al scho ar(sj
conceived the adaptation of interest.as that between retmgl image anl
cerebral image (or whatever one w1sheq to call thfe termmall, mlt.eTla
representation) rather than that between animal and envnrgnment.hmp ici yé
the assumption has been that the structure and fupctlon of t eheye. ar
disassociated in evolution from the strgcture and function of the mechanisms

i i rception is achieved. . '
b)'s‘::(l;}"lj,\’ ::gliﬁevers much the same vein, the ageless point of VIZ\.V th:lt
perception proceeds from elementary sensory vanable§ (corr?spolr_l ltni(gmso
basic physical variables) seems tg have peculiar evplutlpnary imp IC?V y aé
Specifically, it might be taken to imply that the earliest life-forms evolve 2
sense-data devices (sensitive solely to energy as :vuch) and onl)" .subsequen.bz
did relatively higher life-forms emerge possessing th'e ca.upablhty to biscr; ’
meaning to the sensory variables. Although this 1{npllcatlon c.:an_not 1 l‘tl'l e;]
out completely due to the pat;city of ':l?de;sﬁﬂfflyd prebiotic evolution,

od reasons for believing it to be . ’

th?: ?tr: %r?os(i primitive, life seems to Pc deser.ving of Dennett’s §l97l:)
definition of rationality—an optimal design relatlve’ toa goal_qr opltllma ()j'
related collection of goals and a set . of co.nstralpts. ' Addltlo'na' y an

cognately, life at its most primitivp ex!nblts dtscnmmattqn bthtgrgﬁcangg
(Dennett, 1969); situations are distmgu!she'd l?y t}'1e beha\flor_s they do ct)r o
not permit the organism to perform. D!scrlmlnatlc?n by SIgm'ﬁcan?c is to t

contrasted with the kind of discrimination often discussed w1th' re‘erenceb]o
pattern recognition where the focus is w})ether or not some device '1sh capable
of providing outputs (whatever .they r;nght be) that co-occur with energy

i rgy distributions at its surface. '

k";&ir?;t:rlzzegtg'gyantea is an arboreal vine whose seeds germinate on the_ groutr}]:‘i3
subsequent to falling from the parent plant. Soon after germination,

* seedling grows in the direction of the nearest tree, contacts the tree, and

ascends, losing its roots in the process. Th; seed]ing’s.adaptive behavior may
be characterized as a positive skototropism—that 1s, a tendency to move
toward darkness (Strong & Ray, l97f'51illnhfa<{t, t::e seedling always grows in
irecti arkest sector of the honizon, .
thw;rr:g;osna; foit'l:;: seedling that it det'ects a climbab!c object. A chmbab}lle
object may be defined by certain propertles., some of \thch \‘vould be sltreng}: ,
rigidity, and surface texture. In the environment in which the plant has
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evolved, these properties have been invariant with dark sectors on the
horizon. Because of this invariant, the seedling does not and need not detect
the individual properties that we, as scientists, would propose as the
distinguishing features of a climbable object for a vine. Moreoever, the
darkest sector invariably corresponds to that climbable object that can be
reached with a minimum of horizontal growth. The plant exhibits
discrimination by significance.

The behavior of Monstera gigantea is especially illuminating in reference to
the traditional emphasis on the distinction between appearance and reality. It
is easy to imagine an environment in which the distribution of light does not
relate to the locations of trees. Strong and Ray (1975) used the open ends of
opaque tubes to produce dark sectors in the seedling’s horizon; the seedlings
grew (maladaptively one might say) into the open ends of the tubes. There are
two points to be emphasized. One point is that from an evolutionary point of
view, it cannot be said that the plant’s sensitivity (perception?) was in error.4
The individual plant detected and grew toward the dark sector of its horizon;
it did that which it had evolved to do. The other and more general point is that
from an evolutionary point of view, perception suffices when it reveals
sufficient information about an organism’s environment to support self-
preserving and reproductive behavior.5 Both points bear significantly on the
appearance-reality dichotomy: It is not clear from an evolutionary stance
how presumed differences between the appearance of things and their
description as determined by physics and human reason are differences that

“This point is worth belaboring for it bears on our subsequent claim that perception cannot
err. The plant's sensitivity is to dark interruptions of an otherwise light horizon. An opaque tube
causes such an interruption, and it is detected by the plant. The plant, however, cannot detect
those features of the source of this dark sector that are at odds with its upward growing behavior.
That is to say, the plant can and does detect that information that specifies support for upward
growth, but it cannot detect that information that specifies non-support for upward growth.
Therefore, it is wrong to say that the plant’s sensitivity, its perception, is in error; rather, it should
be said that the plant’s lack of sensitivity, lack of perception, results in its going astray. A similar
argument can be made for the complementary case where the inadequacy lies not in the animal or
organism’s sensitivity but in the information made available. Consider the bird that flies into the
plane glass window. Owing to the conditions of illumination and to the absence of irregularities
in or on its surface, a window may fail to reflect the light in ways that a substantial surface would
normally reflect the light. Because there is no information in the light about the plane glass
window, we cannot expect the bird to visually detect the presence of the glass window. The bird
perceives the environment that is “broadcast”in the light: its perception is not in error. It flies into
the window because of a lack of perception (in regard to the substantial surface) owingto a lack of
information.

$Which is to say that the description of reality relevant to any given organism or animal is not a
description that is true in any absolute or metaphysical sense, but a description that is true in a
pragmatic sense as perhaps captured in Plato’s concept of doxa (see Shaw, Turvey, & Mace, in
press).
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make a difference in regard to the adaptive relation between animal and
' t' . .

en‘()ll:)z’;i’g::a further primitive life form, the bacter!um.6 The bactenu'm isa
single-cell organism that swims about in a medium consonant with its
metabolism through the use of flagella attached to the wall of the cell. The
swimming is of two kinds, “runs” and “tumbles” (Adlel:, 1976); 'runs are
rectilinear motions, and tumbles are random changes in direction. Tl:le
movement of a bacterium through the medium is ess;ntnally arandomwalkin
which the length of the runs is inverselyf propomonal. to t‘!ue frequenc’:‘y of
tumbling. When a bacterium is in a gradient pf a chemical attractant, the
frequency of tumbling decreases as the bacterium moves up tl:xe gradient and
increases as it moves down the gradient. The opposite relation holds for a
chemical “repellent.” The chemical gradient modula}tes the locomotqr styles
of the bacterium, guaranteeing (within the 'e.nwronment to which the
bacterium is adapted) movement toward nutritious substances and move-
ment away from potentially harmful substances.. . .

A chemical gradient is a “complex” variable in the cfon\fentlonal
understanding. Where the stimulation relevant to some behavnof is spread
over time as well as space, it has been tradmona! to conceive of the
stimulation as being registered in terms of more “'basw,“ discrete v?rlables
whose sensory consequences are then preserqu in a storage medlur_n fo,r
the perusal of inferential mechanisms. On this accour}t, the bacterium’s
behavior is mediated by a process that cqmputes dlffer'ences betwee:n
stored representations of chemical concentrations at successive moments in
time. ' .

The logical difficulties with the popular‘mterpretatlon of temporall}f
extensive, perceptual information have been aired elsewhere (G{b:&:on, l9§6a,
Humphrey, 1933; Shaw & Pittenger, 1977; Turvey, '197‘7). Here itis sufﬁc1e'nt
to make the less formal observation that the. bacterium's unicellular m_atenal
design does not appear to have the comple?(lty peeded to support the kinds of
processing that have been traditionally implicated. Very much the same
argument can be made for Monstera gigantea, for the abse,nce'of any sense
organs rules out a sensation-based account of thc? plant’s dlscnrpmatlve
behavior. But if neither bacterium nor Mon:vtera gigantea are devices t'hat
register the significant properties of their environments through the mc?dlary
of the sensory consequences of basic physical variables, ther} what kind of
devices are they? They are, in a simple phrase, “smart” fjev1ces (Runesc?n,
1977a)—that is to say, devices that register complex particulars of adaptive

¢Our thanks are extended to Tim Johnston for bringing both of these examples to our
attention and for giving us the benefits of his perspective on them.
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significance in an elegantly simplistic fashion, nonmediated by simple
particulars.”

The polar planimeter measures directly the area of any regularly or
irregularly shaped plane figure, and it provides a delightful example of a
smart instrument (Runeson, 1977a). The planimeter consists of two rods, say,
A and B. Rod A (the tracer arm) connects an index to a measuring wheel, and
Rod B (the pole arm) connects Rod 4 (between the index and the wheel) toa
fixture on the surface on which the plane figure is to be measured. The index is
moved around the boundary of the figure. As the index traces out the profile,
the measuring wheel skids and rotates such that the total angle of rotation
consequent to a complete circuit of the figure is directly proportional to the
area of the figure. The instrument is a simple mechanical expression of rather
abstract mathematical principles (see Runeson, 1977a, for more details).

With regard to reputedly more basic variables, the planimeter is not
especially efficient; it does not permit the straightforward measurement of,
say, lines and angles, and such measurements may prove to be relatively
inaccurate. But to be dismpayed at the fact that the instrument is unreliable
with regard to these supposedly basic variables would be missing the point.
The polar planimeter exemplifies smart devices in this sense: It is a special-
purpose instrument tailor-made for a particular kind of task and a particular
kind of situation. Such being the case, its construction can take fulladvantage
of the special features of the task it is to perform and the circumstances in
which it is to operate (cf. Fowler & Turvey, 1978; Gel*fand & Tsetlin, 1962),

Apart from bringing into question the hypostatizing of the basic variables

. of physics, the preceding examples and arguments are of importance in the
following final respect. The suggestion is that the evolution of perceptual
systems mdy be understood as the compiling of special-purpose, smart
devices to directly register higher order variables or complex particulars. This
would contrast with the understanding that evolution manufactured a few
types of basic components, each computing a basic physical variable or
simple particular, and achieved the computation of more complex variables
through programs defined over the basic components.

We might go further, and further than we have room for here, to delimit
and evaluate the conceptual bequest of the preceding five centuries as it bears
on the nature of perception. But what has been deliberated to this point must
suffice; and in the contrast drawn in the last few paragraphs we have caughta

"We believe it prudent to avoid where possible the concrete-abstract distinction, where
concrete refers to particular things and abstract to nonparticular things. In the view that we wish
to promote, animals always perceive particulars. Some of these particulars may, as a matter of
convenience, be deserving of the label complex in comparison with other particulars, but they
are, nevertheless, particulars and thus ought not to be conceived of as reducible in the way that
abstract amorphous entities might arguably be reduced to concrete particular entities. We thank
Ed Reed for introducing us to this conception of particular, although our usage is somewhat
different from his.
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glimpse of a different conceptual basis and one that we now trydto dcvclot})c;:;s]
postulated at the outset, the stock concepts of tradltlopal anf con‘ve:l\1 onal
perceptual theory follow from the assumec_l fiuallsm o am;n
environment. The promissory note to be cashedinis th§t anassume syne;gy
of animal and environment yields an orthogon_al collection of concepts and in
consequence a radically different understanding of perception.

AN ECOLOGICAL REFORMULATION

The Principle of Mutual Compatibility

There is a contemporary understanding with .vt/h'ich animal—enwrolr:.melrl)t
dualism and the doctrine of intractable nonspecn'flcny seem to b;a'fgrafl? }C&;ﬂg
at odds. It is that the universe is finely bfllanced with reference to llle( rllr)n %
1977, Wheeler, 1974), Characterizable in t_erms ofa relatlve!y sma’ }?um'te;‘?
properties, it is becoming increasingly‘ev@ent that thfa universe’s c;)splha L y
to life depends on these properties havmg_ws_t the particular yalues t ety 3re;
and no others. A fairly minor change in glther a ﬁne-graln p'rl')c:pe_}gus 2
coarse-grain property of the universe, and life woyld be impossi e‘] o ;he
the fine grain, a lowering of the electromagnetic force that regu;l et
structure and interactions of atoms and rpolecule§ would (eleas; elec rglns
from their bondage to atoms, thereby making c'hemlcal reac}xons 1mpols§1 ;;
at the coarse grain, a rise in the rate of expansion of the universe wo:x Euee
out the forming of galaxies and induce a uqlform spread qf matfer ]'Sf
Trimble, 1977). We recognize, therefor'e, the fitness of t_he universe ]’(f)r i eé
But more than this we will recognize that the universe lz:md hl (317?:,_
coimplicative: They have coevg]ved and they are codesxgned.. or the
century philosopher, Leibniz, it could not ha've been otherwx;_e.h o for

Leibniz believed that substances could not interact. That_ which pass for
causal interaction among substances was'mte'rprete.d. by Leibniz asa parzblee
coordination of state changes; th<? coordination arising from the mczxolrn e
unfolding of natural laws accordlpg t.o symmetry among substanf:s. b
“principle of sufficient reason,” Leibniz advocated tpat onlytbosfet dmgs ta};
coexist—only those things are pos§1b!e—that §atlsfy cer.tam fun ar:ll:nt @l
compatibility relations. By this prmmple——yvl‘n'ch we _w111 refer t?o s o
“principle of mutual compatibility”——'compatlblllt}/ relations among logically
possible structures is the defining criterion of existence. .

We see, in short, that for Leibniz there must be a good or a sufficient reason
for anything to exist. Darwin’s theory of eyolutlon anq other e\{o]utlcc;n:frz
theories (e.g., cosmological theories) all begin by assuming Ehe ex1sftenh o
collection of things that evolve, but they do not addr;ss the issue of why a
collection—or any other, for that matter.-—shou]d exist at all. I.:Cl'bnll s?ug"
a deeper understanding: Whatever exists does so because it is mutually
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compatible with more things than something else. Thus he sought to derive
the existence of things from a logically more primitive and simpler notion,
namely, that of compossibility, or what we have chosen to call mutual
compatibility. Hence the Leibnizean argument for existence is not circular; it
does not derive existence from existence, but from something else.

There is a good deal (of what we take to be necessary future endeavors)
foreshadowed in Leibniz’s intuitions. Looming large is the necessity to
develop a logic of synergistic relations among natural systems—a logic that
does not shy away from the image of natural law relentlessly fashioning
reality. In what follows we reiterate and embellish a sketch of the desired logic
as given by one of us elsewhere (Shaw & Mclntyre, 1974).

Adjunctive Logic, and Natural Law

The Stoic philosophers distinguished several kinds of logical propositions:
among them the hypothetical, causal, and adjunctive. The hypothetical or
conditional proposition takes the form: “Jf x, then ¥.” This can be contrasted
with the causal proposition: “Because x, then »”; and the adjunctive
proposition: “Since x, then y.”

The hypothetical proposition is invalid whenever the premise is true and
the conclusion is false, and valid otherwise. It can be said to be conditionally
true or correct if the opposite of its conclusion contradicts its premise (i.e., by
modus tollens). However, the opposite of the conclusion (e.g., not y) is not
necessarily inconsistent with the premise (e.g., x). For instance, “If this is
Monday, I go to work.” However, it may indeed be Monday, but I may not go
to work simply because it is a holiday. In short, the consequent does not
disconfirm the premise.

In general, hypothetical propositions constitute a poor model for natural
laws, primarily because there are too many ways in which they can be invalid.
Additionally, they fail to provide a necessary relationship between premises
and conclusions. The reason why these limitations make the hypothetical
proposition an inappropriate model for natural laws becomes apparent as
soon as one attempts to fit these laws to this propositional schema.

Let the initial and auxiliary conditions that define the domain of
application of the natural law correspond to the premise of the proposition.
The valid outcome predicted by the natural law will then correspond to the
consequent of the proposition. A principle is considered to be a natural law:
(1) if the denial of its prediction or consequent is necessarily inconsistent with
the premises; and (2) when its premise can be shown to be true (i.e., when its
initial and auxiliary conditions can be shown to be satisfied). In brief, a
natural law is a principle that predicts true outcomes whenever it can be
shown to validly apply.

It clearly violates what we mean by a natural law to say that the law validly
applies but does not predict the outcome. In such a case, either we would not
accept the principle in its stated form as being a valid law, or else we would
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deny that the conditions for its application had gctually be.en satlsﬁed.all.r;
sum, a law cannot validly be applied to any s1.tuatlon w.hc?rfe its premlf]esn re
not true, but a hypothetical proposition is valid, by def1n1t19n evenw1 e
premises are false. It is not difficult to see how attempts to 1'nteirprct ﬁwts as;
hypothetical propositions lead to paradoxes. Ir} particular, f_wt }?eo rl
conventionally and intuitively accepted as the function of scnentlhlc >0 );
evades formal confirmation. Thus, Popper (1959) and others have s oxn 1a
when stated in hypothetico-deductive form, n_enher n.at}lral laws nor tfeonzs
are logically verified simply because . their predll'ctlons are co;}_lrmtehé
Affirming the consequent of a hypothetical Proposmor} does not a irm 1
premise. Hence, if law x predicts outcomey, given that y istrue does not imply
th%:f;it:::t'ely, Popper’s attempt at an alternativq evaluation of scn;nltlflc
laws and theories fails in like fashion. His argument is that even thoug tahwi
or theories cannot be verified directly they can be evalua}ed by showrllngt . a-
their predictions do not hold. The falsifiability procedure is based ort t]fe] 1‘:1;
honored and valid argument schema known as the modus tollens: If law x,
ut not y, therefore, not x. ‘ .
th?t] i(s):tlfi(::l zn};;kt:ﬂy, hovfever, that falsifiability is ever achieved in practllc::
(Lakatos, 1970), because the premises fgr alawor thegry are sucha ﬁomll)a en
of variables that it often proves impossible to detern}me whnc}} one ha:h eea
falsified. The onus, therefore, falls upon th? theorist to .decnde whether 1
major or a minor assumption of the theory is at faultt. Given the potentlaf
arbitrariness of this choice, it would be i;n;;lrudegt to Jz_flcl:;lz; laworthe coreo
ad been developed carefully and ar -
a ‘gio;za?r:?;ght:at Eddingtongs measuremt?nt of light'bem_img a_rou.rl(:3 t}tu;
eclipsed sun agreed with the predictions of his theory, Einstein replied: ; 1(; :
knew that the theory is correct.” When ask.ed h9w he wpuld have re?.?‘r_mr he 11
the predictions had not been confirmed, Einstein canQndly coun’}ere : o 96';]1
would have been sorry for the dear Lord—the tl}eory 1s correct (C.Ilali1 | i ,
p. 369). The point on which argument and v1gpette converge is ’tr l:s. i e
validation of theories and laws appear to pe logically |mpos51ble. ' urs: it is
important to note that it is not that logic makes no difference in }: eory
evaluation (and a law is, of course, just an accepted consequence ofa 111 eor){),
but rather that logic makes so little difference. The fruntfl'llness 9f a theory in
explaining anomalies and bringing gc?ncral con_sn.sthcy into science 1sd;n<t)}::
" important than either logical verification or fglsnflcatlon. In other (\javor , he
degree to which a new law applies symm_etncal!y across a \'a\ndef.omalzt N
natural phenomena and relates other laws is thf, hlg_hest gnternon‘o |tsd \'vot. .
It is also a realistic measure of the resistance scientists will show in abdicating
. At all events, we should pursue logical forms other.than the hypotp;tnc:l
proposition. What is sought is a logical f‘orm that.ls consonant wit (tj e
aforementioned facts about theory eval}l'fltlon. In this perspective, consider
the Stoics’ conception of causal propositions.
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A causal proposition begins with a true premise and ends with a necessary
consequence; for example: “Because it is day, then it is light.” The causal
schema more appropriately expresses the form of laws; by contrast we are
reminded that the hypothetical proposition is still valid if its premises are
assumed false. For instance, consider the following hypothetical: “If it is
night, it is light,” then whether night or day, it follows that “it is light”—a valid
logical argument but scientifically false.

The causal proposition, however, does not permit such a trick to be
performed on our scientific intuition. A causal proposition is incorrect (by
definition) if it begins with a false premise or ends with a conclusion that does
not follow from it. Thus, unlike hypothetical forms, the causal interpretation
demands that the premise and conclusion correspond.

Although the schema for natural laws seems to be satisfied by causal
propositions, the intuitive notion of causal relation cannot be effectively
captured in formal statements. Moreover, it can be argued that invariance
laws (Wigner, 1970), laws that characterize the symmetry relations existing
among natural laws, do not seem to fit the schema for causal propositions (see
Shaw & Mclntyre, 1974).

There seems to be a fit among the varius phases of matter that permits some
kind of macro-determinism to hold among their distinct phenomena, but that
does not permit (nor does it require) the micro-deterministic relations
necessary to the concept of causal interaction (Shaw & MclIntyre, 1974). On
this point the adjunctive propositional form offered by the Stoics, although
essentially ignored by history, seems more promising:

An adjunctive proposition begins with a true premise and ends with a
necessary consequence. For example: “Since it is day, then the sun s shining.”
This proposifion is incorrect when it either begins with a false premise or ends
with a consequence that need not follow. The adjunctive proposition
professes both that the second member follows from the first and that the first
member is true. Adjunctive logic requires a commitment to one’s premises,

and it is this propositional schema that we believe is consonant with the sense
of natural laws.8

80ur experience is that the adjunctive propositional form is not so easily grasped as the more
familiar propositional forms. The following example sometimes proves helpful. Mendeleev
predicted the existence of elements on the basis of a profound belief in the symmetry of the
periodic table of chemical elements. Or, as we might say here, Mendeleev believed that since the
elements that were known to exist did in fact exist, then elements x, Y. 2, etc., must also necessarily
exist. Clearly, it was not a matter of Mendeleev believing in a hypothetical relation that if the
elements known to exist did exist, then x, , z. etc., exist. Nor (and perhaps more significantly)
was it a matter of his believing in a cause-effect relationship such as: Those chemical elements
known to exist caused those not known to exist—say, x, y, z, etc.—to come into existence. The
point is that the adjunctive entailment of one thing by another is a manifestation of an underlying
principle of symmetry and that the existence of either one of the things in question is
inconceivable without the other,
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If we analyze the “adjunctive proposition, “Since: X, the‘r? y,” in terms of
truth tables, it is the case that in order for the adjqnctlve relauon'to hold, bot‘h
x and y must be true. The adjunctive relatiqn. is false othe'rw1se'. Now t'hlS
looks suspiciously like the truth functional.deflmtlon of a conjunctive Felatlpn
(e.g., x and y). It differs, however, in one lmpoFtant way: Where“conjunctl’ve
relations are commutative (i.., “x and y” is equivalent tp 'y 2!1?1 xM,
adjunctive relations are not; hence, “Since x, then y” does not imply “Sincey,
then x.”

The adjunctive formulation seems to capture the sense that laws qf nature
apply in an inexorable manner to grind out reality. 'I"hns is expressed simply as
the adjunctive proposition that: “Since the law applies, the opservgd outcome
must follow (necessarily).” If the outcome does not follow §nv'ar1ant1y upon
correct application of the law, we have grgpnds for falsifying the whple
proposition, because in an adjunctive proposition the tru}h of_ the co'ncluswn
follows necessarily from the truth of the premises. Thus, in this special sense,
the falsifiability criterion is preserved. ‘ '

The verification criterion, however, does not _ hold for adjunctive
propositions at the level of natural law. The observatlop (y) that some event
(x) occurs as predicted by physical la‘w x does not verify that x is a law.

Thus, given y, it is fallacious to affirm x. Although natural laws z}pply to
predict outcomes, no number of observed outcomes can be used'lgglcally to
verify the law, a fact that is expressed in the noncommutativity of the
adjunctive propositional form of natural law. o

One might even question the utility of the verification procedure: because
natural laws are postulated on more genera'l gr'ounds than observa?nons. The
major grounds for accepting or rejecting prlnCIpleg as natural le}ws is wheth.er
or not they fit into the invariance structure of a science, resolving anomalies
and relating other principles (cf. Wigner, 1970). ' .

The accuracy with which natural laws predict effects is not so 1mpqrtant as
the degree to which they contribute to the cohefence of explanations for
natural phenomena. Because one migh? pred'lct‘ what one does not
understand, prediction alone is an insufﬁc1e|.1t' criterion of the explanatory
worth of theories, hypotheses, or laws, Scientific theories or naturallaws that
help simplify a field will never be abdicated solely onthe grouq@s that theyarc;
not predictive. Indeed, they should not be, for the conditional logic o

verification does not apply.

Defining Mutual Compatibility in Adjunctive Logic

Let us now return to the notion of mutual compatibi]ity. C9mpatibility can be
defined in the adjunctive propositional form; that is, x is said ’t,o be compatible
with y if it is the case that since x, then y. Using t_he symbol“‘ »"to represent 'the
adjunctive (and, therefore, compatibility) relation, the adjunctive proposition
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can be 'w.ri‘tten as, x > P2 From this adjunctive schema we define further
compat!bglfty relationships through the addition of two symbols: ¢ —mutual
compatibility—and + —unidirectional compatibility.

1. negation: x > y (x is not compatible with y).

2. mutual confpatibility: x>pyy(y »x)=(x¢ypy)=(y4 x). (Read simply
as: when x is compatible with y and y is compatible with x, then x and y
are mutually compatible.)

mutual incompatibility: (x ¥ y) - (y T x) S(x T y) = (y FTx).

4. unidirectional compatibility: (x > p)* (y T x) = (x »+ y) = (y b+ k).

w

We can now proceed to illustrate Leibniz’s argument from the principle of
sufficient reason or mutual compatibility, in the sense of the following law, a
law that we boldly refer to as the Law of Existence.? ’
The qu of Existence says that comparatively speaking, that object (or
even.t) exists which has the greatest mutual compatibility with other logically
pOS‘SIb]e objects (or events). To illustrate: Assume g, b, ¢, d, and e, are all
loglcally possible, (i.e., noncontradictory) objects. (Logically im;’aossiblc
objects are those whose conjunction is false; e.g., the conjunction x - y is false
when y =X, because this entails that x and X—the contradiction of x—are both
true.) Now assume that the following compatibility relations either obtain or
do not obtain among the logically possible objects postulated above: (1) a ¥ b:
§2) avc;avd,ase and(3)b3d,bve, b4 c. Thenbythe Law ofExistence’
it follows t.hataa < 3b (read as “the existence of ¢ is mutually compatible witl;
the nonexistence of ™). Thus, the conclusion follows immediately as a
necessary fact that g can exist in the same possible world, Wi, as ¢, d, e
whereas b can only exist in a possible world, W2, containing ¢ ;nd e' Ti)is
means that by the Law of Existence, the possible world W =(b-c-d : e’ x)
(where x # b) exists as an a posteriori fact!® whereas the possible world W; =
(b - c- e y)(where y % a or d) does not. i
‘ To put the matter differently: The logically possible world that is most
likely to exist is that which contains the greatest number of mutually
compatible objects. The alternative possible (candidate) worlds contain only
a subset of the mutually compatible objects in question. Thus, the Law of

%Our boldness in this regard is encouraged by the bold charge of this conference—to project an
uqderstanding of memory and closely related phenomena (here, perception) in the next half-
millennium. The reader’s indulgence is requested!

i '°Th£: notion of “a necessary a posteriori fact” is prominent in the remarks that follow. B
identifying a fact as necessary, we mean: There is a state of affairs that exists and that coud.no{
have be:en otherwise. A contingent fact, by contrast, is a true fact but one that could have bee
otherwise. Prefacing a fact by “a priori” means a fact that is true independent of existencen
Conversely, prefacing a fact by “a posteriori” means that the fact’s truth is manifest in existence'
A necessary a posteriori fact, therefore, is a fact that is necessarily true by force of cxistcncc.
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., Existence provides a determinate principle of adjunctive (compatibility) logic
. by which worlds that are merely logically possible (i.e., noncontradictory)
E may be actualized as a posteriori facts of existence. This law provides a way of
. imputing the greatest degree of existential import to that logically possible
¥ world scheme, commensurate with other equally logically possible world
£ schemes, that possesses the greatest number of mutually compatible objects.

Let us attempt now to apply the Law of Existence to resolve a classical

_f cosmological problem. It is often claimed by the indeterministic reductionist
that life is a chance happening in the physical universe, say, resulting from
nothing more than the spontaneous mutation of complex molecular forms.
L By contrast, the determinist wishes to argue that the laws of nature apply in
¥ <uch a strict manner that life was inevitable, in the sense that these laws
¥ applied inexorably to grind out life. Unfortunately, neither view seems
¥ cogent: The “chance happening” hypothesis obscures the deeper question of
¥ what mitigating circumstances necessarily held sway prior to life to allow

chance mutations to occur that could, in principle, lead to the complex

F molecular structures underlying life. Even such chance combinations could
¥ only occur under mitigating circumstances that constrained certain combina-
P tions over others. Unmitigated chance, or truly spontaneous mutation, would
F" logically permit any arbitrary combination whatsoever. But the existence of

" laws of nature, and the selectivity of their initial conditions, logically entailed

life as an actuality and not as a mere logical (chance) possibility. This isaclear
confusion of the laws of nature with the laws of logic. Laws of nature are not
existentially arbitrary, whereas the laws of logical systems may be, because
they need only conform to the principle of noncontradiction—a very weak
criterion that excludes fewer possible outcomes than do natural laws
constrained by precise initial conditions. Whatever is the case in nature is not
only logically possible; it is also naturally potential and existentially

= instantiated (actual). Therefore, the “chance happening” hypothesis fails, not

because it is illogical but because it is only logical—permitting other possible
worlds than the one we actually live in.

But does the determinists’ hypothesis fare any better? It seems not, because
the view that natural laws have applied inexorably to grind out whatever is the
case (e.g., life) must also assume that the initial conditions to which the laws
applied to grind out reality were such as to allow whatever happened to
happen. Clearly, this is nothing more than a tautology asserting that given the
laws, in order for life to be as it is, the initia] conditions for it to be as it is must
necessarily have prevailed. This is true but trivial; all it asserts is that the
necessary (initial) conditions for life must necessarily have been the initial

= conditions for life.

The question remaining under either hypothesis is how might such
regresses be avoided. A third, but scientifically unpopular hypothesis, that
attempts to avoid the regress is the teleological argument that asserts that the
production of life was the purpose that the laws of nature and initial
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conditions were designed to accomplish. But this hypothesis leaves 4
unanswered two important questions: First, what is the design of the lawsand §
the initial conditions that permitted life? And second, by what means was this j
design cosmologically orchestrated? To regress to a “God” hypothesis is to
discharge the argument from the purview of science altogether and thus to 1

render it irrelevant to our purposes.

However, there is an argument, unlike any of these, that avoids the §
regresses they entail by offering a theory of what initial conditions must 3
necessarily exist, not as necessary a priori facts, but as necessary a posteriori §
facts. This argument might be called the “unique origins” hypothesis. It goes §
as follows: What now exists is necessarily uniquely consistent with that from 3
which it originated. Unique consistency of one thing with another means that 4
neither of the things in question is conceivable without the other (logically, a §
biadjunctive relation). The argument, implicit in the foregoing, that the §
science of life and the science of the physical world must be mutually
dependent is by no means novel, For instance, Wheeler (1974) suggests that 3
given that the universe is home for man, then the initial conditions for %
cosmological evolution must have been attuned a priori to the possibility of §
life tens of billions of years prior to the occurrence of life of any sort (cf. Blum, 3
1968). Wigner (1970) has argued that the origins of the self-reproducing unit 4

required for life can not be accounted for by quantum mechanics. And in this

regard, Pattee (1971) has made the bold suggestion that the biologist might §

turn the tables on physics by asking, “Can life explain quantum mechanics?”

Consider the following argument of Dicke (1961). All the mechanisms for
life that have ever been conceived require elements that are heavier than
hydrogen.(Wald, 1963). Such elements depend for their production on

thermonuclear combustion, which happens to need several billion years of 4

cooking time in the interior of a star. The theory of general relativity tells us
that for a universe to provide several billion years of time, it will have to be

several billion light years in size. Hence, Dicke’s (1961) conclusion that given ~
life, the size of the universe is what it is. Or, as Trimble (1977) remarks more

generally: “It seems, in other words, that the Universe must be more or less the
way it is just because we are here [p. 85].”

There is a danger in the views of cosmological theorists such as Wheeler and
Trimble—that they might be interpreted as merely a resurgance of the
perennial, but philosophically discounted, teleological argument. It will serve
us well therefore to consider critically what type of logical proposition is
entailed by an assertion such as that of Trimble just quoted. For it is our
contention that cosmological theorists like Wheeler and Trimble intend to

endorse the “unique origins” argument rather than an obtuse version of

teleology. Necessarily, the consideration to follow overlaps with and extends
the preceding deliberation on the proposed Law of Existence. Indeed, the
Law of Existence can be used to demonstrate how one’s endorsement of the
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£ “unique origins” hypothesis not on]y' avpids the prpblems of the] tele(;:io(gtl}(]:zl
4 argument but provides a positive prm'c1p.le. by which the actua vu;]olr (that
" which is existentially the case) can be mdn_/lduated frpm among all logically
£ possible worlds (those which are only logically possible).

We may paraphrase the quote from Trimblein three logically distinct ways:

1. Because life is what it is, then the universe is.w.hat it is,
2. If life is what it is, then the universe is what it is.
3. Since life is what it is, then the universe Is what it is.

j With reference to (1), if it is assumed that life arrivgd late i.n the course of
: cosmological evolution, then the nature of the phyS{cal umverse WOUIfd Ee
' etermined by something that appeared later than it—a clear case of the

teleological argument. How some effect can be the cause of something earlier

is left unexplained. o '
° !l?}fwuclc]mdri)tiona] reading of Trimble’s quote allows for the possibility that:

1. Life might not have been what it is now, and yet the universe could still

be what it is.

2. Neither life nor the universe might have b.een what thS)_' are obse'rved }t1o
be; .that is, (a) “if F, then T is valid; and (b) “if F:’ther'l F .1s.a]so '\:jalld. The
on,]y reading that is excluded is (c) “if T, then F, which is invalid.

But we would not be happy with the pro;;osi:jion that the nature of life and the
i loosely related.
na&]/;eaf fwih\:ig:lt‘:;;:lur:eig the c]a?m that the nature of living organisms fits
with the nature of the universe in a tightly constra.ined systen}t.of :;l;;l:am]
compatibility relations. Therefore, the rpos't app.roprlat'e prop?m;::he form
is the adjunctive or, more precisely, the.blad Junct.lve, which cap 1(1;t o
that the universe and organisms livingin tha_t universe are boup . ogtc;,1 or bY
mutual compatibilities. In other wo_rds, since llfe. 1s. what it ;s, i:ce the
universe is what it is—namely an env1ronment for life; converse yZ sd o
universe is what it is (and has been), then life has the character that it does.
) = ¢ L‘ . . .
> ée)ans(iﬁvz tlt? the({ieveloping argument, we may say that the p{adjl:nglr\rls
-expresses the animal-environment §ynergy whereas the condltlonilesseS "
expresses animal-environment duz;hsrp and the causal form exp
i i othesis. .
]og'll';a:’.]]l):aifpf;?ll];(it:t]::(]::%::]bz)l]lrs)ed to argue that among all logically pOS'Slb]e
worlds, only that world scheme that when etlaborated proves to pro:::iaa]
home for the most compatible phenpmepa is to be ascribed tohou.r )
world. If we assume that reductionism is untenable 50 that_ p! ystlcztl)'ects,
biological (8), and psychological (¥) phenomena are logically distinct objects,
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this mutual compatibility and its implications rests with several prefatory

then the “unique origins” arguments ... can be shown to follow from the
E' considerations.

compatfbility quic (i.e., the Law of Existence). Assume the logically possible
categopes of objects ¢, B, and ¢. By taking these in all possible schemes, a set 3
of distinct but equally possible worlds are indicated: W, = (¢), a purely }

: . . \ i t and Econiche
physical world without life or mind; W2 = (8), a world where all objects - Environmen @

con:v,ist'of .living material governed by biotonic law; W; = (), a world of
subjective }dealism; Ws=(0, B), a world without “mind;"” W5=(¢’, ¥), aworld
where “mind” resides in inanimate stuff; Ws = (¢, B), a biotoni’c world
composed solely of living, psychological entities; and, finally, Ws =(d, 8, ¥) :
Clearly, by the Law of Existence due to the fact that W, consi;ts ofa lar’ge’rsei ;
of mutually compatible categories than the other possible worlds, it is more :

likely to exist than they are.

Let us pursue this rough sketch of a logic of synergistic relations among y

natural systems through a consideration of two other possible laws.

There are n'aturally potential objects, events, or worlds that—although not !
known to exist—could in principle exist under the current conception of p
natural_ law if only the initial conditions of cosmological evolution had been :
otherwise. This suggests the need for a second law of compatibility logic to
supplement the Law of Existence; we call it the Law of Potentiality. In other b
wordg, that object, event, or world that is not mutually incompatible with ;
anything that exists is naturally potential (rather than merely logically l‘

possible).
qu exarpp]e, assume b is possible, and let W be the actual world of
existing objects; then b is potential (b!) if the adjunctive proposition, (b 5

IW)=b!. On the other hand, given some logically possible object ¢ such that

¢ ¥ x where x ¢ 3 W, then c is not potential (i.e., 7!).

And, finally, there are those naturally potential entities that may exist by “'

virtue of the dependency some existing entity has on them. We call this the
Law of Subordinate Existence: Given that q!, that b, and that 3b ¢ a!, then it

follows that (3b > a!) = Ja. Intuitively, if a is potential and b, which exists,

requires g as a condition of its existence(e.g., an initial condition), then a also

must n§cessarily exist. This means that if 3W is the actual world scheme
embracing b (b e 3W), then it embraces a as well (a e 3W), i.e.,(be IW) ¢ (ae je

Iw).

Let us summarize this section by identifying its thrust with respect to the
parts that fpllow. We believe the implications of the mutual compatibility of
life and universe to be profound and to bear strongly on the perennial puzzle
of perceptiqn. Perception is most usefully conceived as an adaptive relation
between animal and environment, two terms that are readily recognized as
scaled-down versions of “life” and “universe,” respectively. In the perspective

being developed, animal and environment will be said to be mutually 3

compatible in that a given species adjunctively entails its environment and a

given environment adjunctively entails its species. But the understanding of 2

¥ First among them is the ambiguity of the term environment. It has been
£ commonplace in the past 100 years to remark that organisms come to fit the

environment by natural selection. But the notion of fit implies complementa-
tion, rather like the relation among pieces of a jigsaw puzzle; and insofar as
¥ there are many species, there must be at least as many environments for which
" the species are the apropos complementations. It is terribly evident that the
£ term environment is asked to do double duty both as a general animal- or
* organism-neutral term and as a specific, animal- or organism-related term.
¥ | et us reserve Environment (with an upper-case initial letter) for the solids,
- liquids and gases, or the substances and media (interfaced by surfaces) that
. comprise the planet Earth; this will be the animal-neutral usage. The animal-

related usage will be captured by the term environment (with a lower-case
initial letter) or more advisedly by the term niche or econiche. The second
sentence of this paragraph can then be rewritten partially and more accurately
as: Life came to fit the Environment, and organisms came to fit econiches,

t where Life is used in the general sense commensurate with the usage of
' Environment.

Fitness of the Environment

It will prove helpful to the developing thesis of animal-environment synergy
to reverse the commonly ascribed valences of animal and Environment and
take the animal term as the independent variable and the Environment term
as the dependent variable. Stripping away a greal deal of the variation in the
concept of animal, we ask: Given the common properties of living things,
what must be the properties of the Environment, so that it might provide a fit
to Life? This reiterates Henderson’s question of “the fitness of the
Environment” (Blum, 1968; Henderson, 1913/1970). If Life and Environ-
ment are mutually compatible (Just as we have already supposed that Life and
Universe are), then it is just as meaningful to ask how Environment came to fit
Life as it is to ask how Life came to fit Environment.

An in-depth exploration of the fitness of the Environment is beyond the
scope of this paper. It will suffice to limit ourselves to the remarkable thermal
properties of water, for they are of great importance to the Life process and
they may be taken to illustrate the proposition that Life adjunctively entails
Environment.

The properties of water that contribute to its fitness for Life are intimately
linked with the properties of the element hydrogen. Examination of the
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periodic tables indicates the uniqueness of this element: Hydrogen atoms are :

the hg'htes?t and the smallest, permitting hydrogen to enter into more chemical |
combmgtlons.than any other element. Chemical combinations are due in part
to thc_ !nstabllity of certain electron configurations. In the face olfn “ h g
instability, an atom may host electrons from another atom—in which casscu\(\:/e b

spgak of ionic bonding—or two atoms may share a pair of electrons—in
which case we speak of covalent bonding. Water is the covalent bondi o
three atoms (that is, three nuclei and their attendant electrons) tv:lgo
hydrogen and one of oxygen. Significantly, the hydrogen atoms ar:: onoor?e

(s;de of thc'water m‘olecu.le, the oxygen atom on the other. In short, the atoms 3
o not lie in a straight line, and this asymmetry in the structure of the water 3

molecule is of singular importance to the properties of water. The negative
charge of the electron clouds opposite the hydrogen aton'15 attraft the
herogen nucleus of an adjacent water molecule to produce a low-ene .
gasuy forrr?ed, easily ruptured bond that is referred to as a hydrogen bo crig}” b
1s the relatw; ease with which water molecules become hydrogen bond’;d'tt |
form three-dimensional lattices that gives water its special properties. On thz :

average, six water molecules clump together, giving water much higher values j

\f,?src sp:cnfic };eat, latent heat of vaporization, and latent heat of fusion
osi i i ,
Viscosi g'd ::r; ar:ltléface tension than would be the case if the molecules
A primary role of water seems to be in preserving a relatively constant
temperature for the Earth. Terrestrial and aquatic life as we know it survinS
in a relatively §mall range of temperature; water’s fitness to Life is manifesti
large pgrt by its singularly important contribution to preserving this ra .
Consider ﬁr‘st water’s high specific heat. Compared to other substan‘::gc. 1
water mgst gain or lose a large amount of heat before there is an apprecia\::é
change in its temperature. This property prevents sharp rises in wat
temperature that might accompany the night-to-day transition and moder
rates water 'temperaturc extremes that might accompany the seasone-
Moreover, with water covering so much of the Earth, its high specific h Si
prevents sudden shifts in the temperature of the Earth.’Equablc tem eratca '
of the ocean and the moderation of the climate are the principle consep uenure
of w.ater‘s high specific heat. But there is a third consequence worthqnot'ces ’
and it has'to do specifically with the individual organism. Given that wat;ng’
the principal chemical constituent, a given quantity of heat produces trhls
smallest possible change in the temperature of the body. If some oth ;
substance were the principle constituent, the elimination.of heat wo ;;
become considerably more contrived and arduous, and the regu]ationuof 4

temperature during muscular exertion well nigh impossible (Henderson, 3§

1913/1970).
) The control‘of t'he Earth’s temperature is also assisted by water’s high latent
eat of vaporization. To convert | gram of liquid water into water vapor |
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0-600 calories of heat, which of course must be
um, the air. Similarly, to condense 1 gram of
® water, the same amount of heat must be withdrawn from the water and taken
k& up by the air. The significance of water’s high latent heat of vaporization is
: that the amount of heat required to produce a givenamount of vaporinthe air
. is considerably greater for water than for most other substances. It follows,
" therefore, that water is close to optimal for prohibiting rapid rises in air
£ temperature (as might accompany sunrise).

*  Consider the related situation of converting water in the liquid state to ice.
e At the freezing point, 80 calories must be withdrawn from the water to

- convert | gram of water to ice. This conversion warms the air; moreover,

E water’s high latent heat of fusion guarantees that large bodies of water will not
E significantly exceed the freezing point. Below the ice caps of the poles, life
finds a haven. But it is duetoa curious feature of the water molecule that ice
€ floats on the surface rather than descends—with putatively disastrous
. results—to the bottom. In the solid state, water molecules do not crowd
. together, making water one of the few substances that is less dense in the solid
 state than in the liquid state. Water's greatest density is reached not at the
freezing point but at 4° C; liquid at this temperature, the denser water sinks,
orcing the warmer water to the surface and thus insuring that freezing
roceeds from the top to the bottom and not vice versa.

The foregoing is not exhaustive of the properties of water that fit Life.
deally, however, it suffices for our purposes. The reader is referred to
Henderson (1913/1970) and to Blum (1968) for a fuller account. Let us
¥ conclude this piece by recognizing the nonarbitrariness of the relation
g between water and the earth.

. Hydrogen's low atomic weight
earth’s gravitationaL field. That a
debilitating degree is due in part to

{ quires approximately 50
supplied by the adjacent medi

makes it a good candidate for escaping
hydrogen egress has not occurred to a
hydrogen’s ability to combine with other
elements, yielding molecules of sufficient mass to be retained (Blum, 1968).
But it is also due in part to the size and temperature of the Earth; a smaller ora
hotter Earth and the availability of hydrogen would have been lessened to a
degree possibly prohibitive of Life.

Additionally, we may note that in reference to the fitness of water’s high
latent heat of vaporization, other hydrogen-bonded molecules exhibit a
similar fitness. Thus, theoretically, hydrogen fluoride and ammonia could
‘have provided a fluid medium consonant with life. These substances,
however, are ruled out, simply because the temperature of the Earth does not
£ permit them to exist in the liquid state. In appreciation of the web of mutual
. compatibilities, we are reminded that the Earth’s temperature is in large part
due to its speed of rotation and to its distance from the sun. In short, liquid
¥ water and the Earth are compatible, but liquid hydrogen fluoride and the
Earth and liquid ammonia and the Earth are incompatible.
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4 iodiciti ays to 19 years. And suppose further that
rereland Toral Sysems k “}’POSC i‘::ﬁd;cét(;elsof:;ieegg;n ;:c(ii]l:tions iny sea level were th'ough't to be
4 ;hisrfo:nena of the Earth-Water system. Then itis not ‘difficult.to 1magllr;el:)}:)al:
= from the perspective of this system,‘the phenomena in question w:;.fferem
. capricious and that they might be interpreted as th}: behavior o i !
systems at different times. But the lawfulness of the tldal.ph?nome;\a 1sl sooer
P vindicated when the phenomena are understood as md_ll_c}:::slot asasr;im
'; system—precisely, the Sun-Moon-Earth-Water system. The .z} er Xtrast
4 embodies the laws of which the tides are necessary consequences; dm ccih : is,
 the partial Earth-Water system dofes nl(:t er}r:body til:le::alt;:vvs;lan so there
ny i asis in that system for the changes .

4 no’l‘l:: 2¢l;lca:x:dbexample is from Ashby (1963). The example makes the gen:r:}
point that if the total system (from the perspective of the pt};enomcrslume
. interest) is unobservable, the partial system tjlat can be observe milly4a)s ime
remarkable, even miraculous properties (Ashby,. 1963, p.b u.s he
agician’s trick provides a paradignl)) case:;]t looks miraculous, beca
ignificant variables are observable. .
a"(?(fnt:ifi:rlgansli:tem composed of two interconnected devices A apd 1; ar}:d a:;
nput / that affects both. Thus A’s inputs are both Band /. Thedevice A show

Let us now consider the concept of system, for it is of special significancetoan J
understanding of animal-environment synergy. The following description ;
comes from Weiss (1974): A system “. .. appears as a complex unit in space §
and time so constituted that its component subunits, by “systemic g
cooperation,” preserve its integral configuration of structures and behavior §
and tend to restore it after nondestructive disturbances [p. 44].” In reference §
to system behavior, Mach (1902) observed that when a symmetrical systemis 4
deformed in such a way as to destroy the symmetry, the deformation is 3
complemented by an equal and opposite deformation that tends to restoreit,

Any entity that we should choose to label a system on the basis of the
preceding descriptions will have a distinguishable “inside” and “outside.” §
Where a system is contained within another system (as all systems will be,
with the exception of the total universe), we may identify the subsumed
system as a partial system (cf. Humphrey, 1933). It must necessarily be the g
case that a partial system cannot, in all practicality, be disengaged (in the
sense of observed in isolation) from the system that includes it; it can of course .3
be disengaged in theory. The decomposing of systems is an unavoidable -
feature of science. It makes the universe of phenomena potentially ;

some characteristic behavior R, only when: (1) ] is at statcl ¥ azd 512);1?’1::;
' i ‘ iti ; i se that B is at state z only subsequ
manageable. Thus, given an isolable collective of entities, the manner of their § state z. And it happens to be the ca

interrelating can be studied with planned indifference to the fact that the 4 taking the value x. 1 sees the total system and is able to
process or structure under observation is sensitive to its surroundings. ; There are two observers. Observert ]s S e shows a state with B atz and

But it is a delicate strategy that disengages a partial system from the system onclude that R occurs whenever the tota SZ ot take It into. aceount).
that includes it. Considerable caution must be taken to insure that the j at y. Observer 2_ cannot see ? tor d I is insufficient to reliably preaict
decomposition does not go so far as to slip by the system (or unit) that is ; - Consequently, knowing the states o A ant. ;S and sometimes some other
actually exhibiting the phenomena of interest. In particular, the consequences f; the occurrence of R. After all, [ is some l?tte :t oo earlier states of 1. can
of overdecomposing are twofold. First, the phenomena may appear to be tate. Nevertheless, Opserver 2, by pi':lfy;ng ses successively through states x
indeterminate and to refer to no underlying law, when in fact at their proper make reliable prec?wtlons about R. hp ars ise. 1t follows. therefore, that
and coarser grain size of analysis, they are determinate and lawful. Thereisa t. and y, then R will occur and not othe gv ! tz;king into ac’count successive
principle advocated by Weiss (1969) that anticipates this consequence of . Observer 2 can make reliable pr?d]?]onsbsyrve But suppose that the two
overdecomposing—namely, that there may well be determinacy in the gross . values of / that he or she car‘l‘ in act,,%beerv;r 1 will claim that R is fully
despite demonstrable indeterminacy in the small (see also Bohm, 1957). ~ observers now argue about the “system. : : Observer 2 will claim that R
Second, there is a tendency to ascribe erroneous content or function to the accounted for by the present state 9gth-e Syts}:em:zst states of the system—that
partial system. Where a selected system is at the wrong grain size of analysis can only be accounted fo.r by consi der-l;hg eofm is, however, that the two
for the phenomena of interest, that system must take on properties that is, only when memory Is assumed. te ps (res e,ctively A+B+landA+
putatively could secure the phenomena. In what follows we present examples . observers are arguing about.dlffe:ent SYs e’r,nt th eps stem ;s a substitute for
of these two consequences of overdecomposing, - ]) and that Observer 2 ascnbes' memorynt)OB Asythe bottom line to this

The first example was used, and for very much the same purpose as failure to observe (qr to take into ac?o:ofsor;ue oroperty by a system s fot
intended here, by Humpbhrey (1933). Suppose that the phenomena of interest example, we 'T‘ay_wr'te that the p fo s;eSSI()stem (cf. Ashby, 1963). Rather, the
are the short-period diurnal and semidiurnal tides and the long-period tides . wholly an objective property of the sy ‘ ’
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ascription of content or function depends on the relation between the system ¢
and the observer. And obviously, properties will be ascribed to the degreethat 3
the total system is unobservable (or ignored).
Consider one further example. Weiss (1969) believes that the acription of 4
powers to the gene, such as “controlling” and “organizing,” is misguided, 4
Indeed, he argues controversially that it is logically and factually fallacious, §
for the very reason that the gene (more accurately, the interaction among
genes) is an overly decomposed system for the phenomena of interest—say, 3
the growth and development of an organism. The popular reductionist view J
(e.g., Shaffner, 1967) with which Weiss takes issue fosters the attitude that the
gene imparts order to an orderless and logically separate surrounding milieu. 4
This amounts to the claim that the genes have a monopoly on the control of §
growth and development. The claim is logically weak on two related grounds: 4
One is that it introduces the phenomena of “control,” “organization,” etc. as ;
first principles—phyenomena sui generis; the other is that terms such as
“control,” “organize,” “coordinate” are intentional terms. And as Dennett
(1971) remarks, any theorist who uses intentional terms has taken out a loan
of intelligence (or rationality) that must eventually be repaid.
The claim is also weak on factual grounds. As Weiss (1969) takes great u
pains to point out, the milieu in which the genes are enclosed is highly 4
ordered, perhaps as ordered as the genes are themselves, It s therefore more of
Judicious, Weiss argues, to answer the question of “What controls or 3
coordinates?” with “the whole” rather than “the gene.” We are reading this g
argument of Weiss’s as saying that control and coordination of organismic
development are necessary consequences of the mutual fit among the various .
biological pieces. Control, coordination, and the like are not phenomena sui 4
generis, 4
This last example is a point of entry into what we take as the most telling .
feature of natural system dynamics. Given a total system (that is, one for
which the phenomena of interest are virtually determinate by its laws), the >
partial systems of which it is composed must be so structured that for any
single partial system, the remainder of the system provides the requisite .
context of constraint. By a definition we have sketched elsewhere (Turvey, 4
Shaw, & Mace, in press), systems in which an “operational” component and
the context of constraint are wedded together into a relatively closed, single g
unit are designated as coalitions. Simplistically conceived, given two systems
X and Z that form a coalition, X constrains the degrees of freedom of Z, and Z '
constrains the degrees of freedom of X, We say that control or coordination 3
or organization in such a system is the product of the fit between, or dual
complementation of, the two partial systems (Fitch & Turvey, 1978; 4
Turvey et al,, in press). It is significant to note that in the coalitional
conception, “control,” “coordinate,” “organize,” etc. are not first principles, .3
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2 . . R -es
4 properties sui generis. Nor are they properties to be cor?cel\z.zdtas ;())r;;ssesrttlhe
: rtial system, as a gene is said to p

¥ possessed by one or another pa ys : o

4 gapacity for controlling and for organizing the encompassing milieu (orasan

B animal is said to possess the capacity to ascribe meaning to the encompassing

" Environment). On the contrary, such properties are the propertle§ of thte
" .oalition, the minimal system identified relative to the phenomena of interest,

' which carries its own context.

The Mutual Compatibility of Animal and Environment:
E Affordances and Effectivities

¥ The animal-neutral conception of Environment, at the very fmest‘grau;, is
’matter and energy understood as particles and the laxys governing their
4 motion. At a coarser grain, Environment may be' described (a§ e?rller) én
4 terms o} solids, liquids and gases. On rewording, this latter description reads
{ , ia i by surfaces.”
“substances and media interfaced ' o
- What we now seek is a partitioning on the coarser grained descr_lptnon of the
® Environment that yields environments or econiches. That is to sa)f;_lca;
: partitioning that results in animal-specific (mo're a‘lptlhy, iﬁec(;es-s;;;tcilons
' ipti j iterion for this partitioning is that the descr
scriptions. The major criterion : : ' ]
f ?}:at afise are optimal for understanding how the dlffeant species (])f a'nuina:
F' elate to their surroundings as knowing-agents and not simply as biological o
- physical entiti ford, 1977).
" shysical entities (cf. Shaw & Brans , 19 '
 ? '}I,'he partitioning problem has been addressed by Gibson ('1977) thropgh thc;
il concept of affordance. As Gibson (1977) remarks:‘ Subject' to 'rewsn?nt,he
suggest that the affordance of anything is a spe_cnﬁc combination of e
roperties of its substance and its surfaces taken with ref_erenc'e toan amr:l :
A fp 67).” By this conception, an econiche or environment is defined as a seto
ces, or an affordance structure. '
§ affg;(:l::plary of an affordance is a place or surface th'at suppqrts'uprlght
" Jocomotion by a human: a surface that is more nearly s_olxd than liquid, mon:
nearly horizontal than vertical, more smooth tha'n wrinkled, and morc:i neae
4 the feet than the head. Whatis evident, therefore, in theconcept'ofaf‘for apc
: is the notion that properties of substance and surface' enter m'to'mva?all:t
ombinations to comprise an animal-relevant, alternative descnptl'on o, the
;Zn'vironment The Environment is partitioned relevant to an animal’s, or
speci imal’ ity for activity.
E aptly a species of animal’s, capacl -
A mc')lf;e ‘;ri):wipli of mutual compatibility, howe'ver, invites a further ar:d
4 complementary partitioning—namely, 2 partitioning of Life with referencetho
environments or econiches. The term effectivity is offe;elcll to co—‘r_x;]ple;}]ecr:it\/it;
iti ject to revision as follows: The effe
ordance, and it is defined subject | ' The
t:fr;‘;/fﬁving thing is a specific combination of the functions of its tissues and

P
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organs taken with reference to an environment. By this conception, an animal §

is defined as a set of effectivities, or an effectivity structure.

We may collect together the two partitionings in this manner; An econiche 3§
is an affordance description of Environment in reference to a particular 4
species; a species is an effectivity description of Life in reference to a
d effectivity
in general accordance with the compati-

particular econiche. And we may schematize the affordance an
conceptions in the following way,
bility logic:

An environmental event or situation X affords an activity Y for an animal Z

and only if certain mutual compatibility relations between X and Z obtain (i.
X ¢ 2).

i

(=

Ananimal Z can effect an activity Y on an environmental event orsituation X

and only if certain mutual compatibility relations between X and Z obtain(i.
X ¢ 2).

if

€.,

The Concept of an (Epistemic) Ecosystem

The preceding is by way of arriving at a tentative definition of an ecosystem _.
and, hence, animal-environment synergy. Our conception of an ecosystem 4
will differ from more familiar conceptions, for these conceptions forwarded
by biologists and ecologists are intended to capture the relation between an 4
animal as a biological or physical entit y and its habitat. Our conception, on f
the other hand, is intended to capture the epistemic relation between the .4

animal ag a kowing-agent and the environment that is known. An ecosystem
is a coalition comprising an animal plus 2 mutually compatible environment

(or, equivalently, an environment plus a mutually compatible animal). The 4
or goal-directed 4
nimal and that §
but unbounded)

animal is a closed (but unbounded) set of effectivities,
functions, that identify the potential actions of the a
complement the affordances. The environment is a closed (
set of affordances, or functionally defined goals, that iden
perceptions of the animal and that complement the effect
an ecosystem is a relational structure with three terms cor
following: an effectivity structure, an affordance structur
operation (to be defined later) that relates the two.

The dualism of animal and environment encourages the view that the
animal possesses a model of its environment (e.g., Gregory, 1969); this
internal representation is the proposed basis for interpreting the environ-
ment’s signals and for directing and controlling behavior. In the phrases used
carlier, this model or representation is—with reference to perception—the
conjunct of a theory of the environment and a theory of how the environment
structures energy distributions.

tify the potential
vities. Minimally,

e, and a symmetry

responding to the
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Similarly, the dualism encourages the view that percepti(?n ;elzr?ii’:i it:‘:
envi ceiver. A shopworn retortis that1 '
acts of the environment to the per ' : 1 ihis view
: i i erceiver, an animal analogue, to p
€ were true, would it not require a perc : e O e
5 jon? And would this not requir¢ ano ‘
“ the representation’ ] another smaller scae
d i ith 1 -down perceiver ad infini y .
F representation with its own scaled ; . ur ‘
"{Jenperquivocal regress? There is a way to avoid this regress prcc1s<}ly;i:y
P defining perception as the act of representing rather than asaprocess o ut ing
la representation. But in this usage, it is doubtful that the term representation
ropriate. o ]
3 z;%prelzf)resent entails three terms: that whlch is r.ep.rcselzjtcg, It?:ezg;is;r&;aa
* tion i the representation is intended. _
* tion itself, and that for whom . e ol
1 i t of using a representation as g
confusion to treat the ac o e it of
i king a representation. For
ependent of the process of mak ! : ,
1rléirf:sentation is user dependerit; it must be tailored to fit the user’s
capabilities. _
11)\ representation for one class of users may not be a rcpresent:atlo.n tf}(:;
nother class of users; part of the meaning of the term nijpr(;zsle:nta'uotr:1 :c the
? . . . S ,
i t for the purpose it was intended. Forin
rule or rules required to us¢1 . ' oo
ion in the programming language of one typ
ata representation in t D e oo
ilable on another type of machine. Si Y,
T B e simess chava ion of the problem for persons
i i is not a representation of the pr
stated in Chinese charactersis no ‘ 1 of the problem for persans
i his argument is valid, then it 1s _
who do not read Chinese. If t isva T s s
i that perception is the process
what it would mean to say . ss of making @
- i i t to be used (perceived) by some agent. ,
"~ representation that i1s no sed ( e reotntyre, 1974,
+ “ ” esentation is muddled (Shaw ,
B concept of a “userless” repr i Melntyre, 1974
i tation as the proposed op
®  In any event, internal represent ! : B oaah
i i imal and environment is plainly asymm . !
epistemically relates anima ; ; e emironment it
it is sai i ts (via an internal mode '
said that the animal represen ( '
;;:liarcly if ever said that the environment represents (via any model) its
F ani i i dd thing to say. .
' al; indeed, it would be a very o Id thing '
an;‘:contrast, the synergistic perspective implicates a symmetn(‘:lil' ?rpcra:loer:
binding animal and environment (Shaw, McInty.re, & Mace, 19 ’f izivvg'ith
al., in press). The mathematical concept of duality (not to be confus
ral 1 i didate for this operation.
lism) is offered as a likely candidate erat '
dUZ sim)ple interpretation of duality is given by conslljd;’.rmg a c((j)ncez\ty c:efflrr::ar:i1
i isti f vertices that label sets and arr ,
means of a diagram consisting of v¢
Zfle vertex to another, that label functions on one set to another (Macpan: }18;
Birkhoff, 1967). A “dual” of a diagram can be obtained by re:'crlilpng she
’ al di be called the “dual” concept. I 1
s—the dual diagram can then . ' . r
' 3220:1m X is the domain of the function f, in the fiugl diagram X is 'tshe
codgomain of the function f. Crudely speaking, duall?y in mathemattl}::srl ba
' principle by which one true statement can be obtained frpm anothe ; y
;erely interchanging two words. Thus, as a further example, in the projective
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the concept of affordance differs from past ‘treatments of
L meaning in that an affordance is objective, defined over the components of an
nct bonus of a description of the Environment that is

ecosystem. A disti
animal-related is that it obviates the requirement that the individual animal

add meaning or value to that which is “merely” physical.
The idea that perceiving is a process that involves a transfer from

E meaningless to meaningful is consonant, as noted previously, with

. animal-environment dualism. But it is an ill-conceived idea, as Gibson (1950)

. has long maintained. In the perspective of animal-environment synergy,

 “meaningful perception” is adjunctively entailed by the mutual compatibility
" of the animal and its environment. Meaning is not a kind of thing that an
E animal can possess, not a kind of thing by which an animal can impart order
. to an orderless habitat. Nor is meaning a kind of thing that can be imposed on
’ an animal by the Environment. Meaning is a property of the ecosystem, and
} individually the animal and the environment constitute partial systems with
freference to meaning and, in general, to the phenomena of perception. In
. short, perception and its laws are at the level of description of an ecosystem

£ and not at the level of description of an animal.

geometry of the plane, the word ] ; é
, s point and i i iving 4 ) Signifi

the dual statements: “Two points c;i)ett:rmi:;i :T'e an t:ie ?terchangcd, giving 4 ySignificantly,
Jual r ine” and “Two li ine 4 v

the ¢ : ines
cop:n :Tr::].tedAnd in set theoyy, the relations “contained in” and “contaig:?:amlge ‘
ot tl(,‘:]ltlzi::; ulnlop bechoming the intersection and the intersecgo; 4
» leaving the original structure i
Consider an exam ity i ext of 3 linonr !
ple of duality in the i }
& ) ' the context of a linear functi 1
fin cotnr::sfocgmatlon \\fhose codomain is the field of scalars with 3:?2::1 . 1
fe conc rned). The circumstance is that of buying groceries fr he 3
perspective of the seller and from the perspective of the buyer om the

balan . . .
o ce) O:HC;Ibtot};lydra’tes, proteins, vitamins, etc. Let the shopping list be
y Cye it )y e 1 a,
is given by Aa + Zgnfechcst " [1/}1; 5 Co], 50 that the cost of the groceries §
X i +... I'he customer sees th '
choos . ) e problem a )
s il:ifl _Sholl>p1ng list that meets his or her purposes b[l)lt that, at :htt:hsat o ;
seeks a mlil::'ma 1m cost. Inshort, with reference to dietary needs, the custoz:rrlr; :
vector Spac;n;: bvglue of A'a * B_b + Cec.... We can identify the customer”
lists are vooton If]lzgntthat tm :vhlch price lists are functionals and shoppin; 4
. : rast, the grocer’s vecto i ifi
lists a i . LS r space identifies the ing .
maXi;{;nctlonal_s and thg price lists as vectors. For the grocer is im:?:;:p(;r?g 3
shoppin ]n]g p;Oflts; so his or her concern is with how the cost of as eiv "
relatilc)mgb 1St epends on the price list. There is, therefore. a symmef i CI; :
and th etween the customer’s vector space and the groce;‘s vect g
nTl € two spaces are referred to as dual spaces cetor space, 4
entati i . ’ :
environx;l:;lty‘ :e mlg_ht regard an animal and its environment (or
donar far;, 1ts.ammal) as duals, in which case the relation between t;n
Symbcflizi: Q ; ¢ animal and the descriptors of the environment isnoton i’ :
effectivit ag d‘“ IOf complementing. The concepts of affordance :n(:i .
on: Anyanre ;la copcepts: and a simple metaphor conveys the gist of thi
Idea: imal and its environment relate as the two pieces of this
Jlg:;w puzzle (Fowler & Turvey, 1978) a two-piece
eca e y
of an af;:):c?::lzg l?tl:]ette ve, deflr;;tlon of an (epistemic) ecosystem: It consists
ucture, an effectivit - o
that relates the two. y structure, and a duality operation

b The What of Perception Re-examined:
E The Doctrine of Necessary Specificity

" We have acknowledged the traditional complicity between the following two
" beliefs: One belief holds that the theory of physics has a monopoly on the

description of reality; another belief holds that the patterning of energy by an
nvironment (however that patterning is defined) is equivocal and inaccurate

_the doctrine of intractable nonspecificity. The complicity lies in the fact
hat the basic variables of physics constitute a fine-grained description of the
_energy at the eyes, the ears, etc.—a grain size of description that yields a
in contrast to the animal’s environment and to

. complicated, chaotic aggregate!
he phenomena of perceptual experience (objects, surfaces, events, and the

;. like), which at a considerably coarser grain of description, are coherent,
orderly, and systemic. This incompatibility of descriptors, as remarked
£ carlier, is tolerable in the context of animal-environment dualism, In that
¥ context there is no reason for surprise at a discontinuity in descriptors;

Perception as an Ecos
ystgm Property
ndeed, it is virtually demanded by the received dichotomy of appearance and

reality.
In sharp contrast we take the following to be a methodological prescription

of animal-environment synergy: With respect to the study of a given
phenomenon (such as perception), the animal-related statements and the
environment-related statements must be equivalent in grain of analysis, and
they must be compatible. If the animal-related statements are that the animal
perceives obstacles and apertures as it steers its way through a cluttered

Earlier, i
gl Ztitir:]ug:enw;; brought to the problem of identifying the system to
canine s e e;qn or set of'phenomena corresponded. Recall that
matic of this assigr:;;:xltoﬁzll}tlhissf::ge;(:'the SyfS natmimal” Sympto-
. _ ion of treatin i
g::zrr::::lg;is; r:\:?, bpc:rceptlon as mc.:ani'ngful; more genérgalls;/e,nsiatmi(;n tl:les “
foinetion v | etween what a thing is and what that thing means—th
eing physical and objective, the latter being mental and subjectivce :




210 TURVEY AND SHAW

terrain, then by this prescription
environment-reflected light in terms of photons or in terms of a
of various intensities and wave lengths. Although these desc
light are compatible with a grain of animal-related statement
references to individual receptor activit
tively, they are not compatible with the grain of description that includes
references to the actions of the animal qua animal.
It has seemed in the past that only a very fine-
light is legitimate, because only the basic variabl
reality status (see Runeson, 1977a, 1977b). But
description may be exhaustive in terms of the law
nothing in that description that explains how t
about an animal’s environment. If the evolution
adaptive relations between a fine-grained descr
systems, then it would be difficult, if not imposs
of visual capabilities manifest across species.
given type of visual system limit itself to a res
visual experiences made available by the Envir
At base, the problem arises from the doctrine t
describing what light really is. We will ha
alternative descriptions of Jight—no one description more or less real than the
other. And this conclusion, it should be noted, is congruent with the

ecological approach to the definition of environment; an affordance structure
is the reality for a given species, 2

First steps toward a description of the li
cosmological or quantal) scale have bee
Lee, 1974, 1976; Mace, ; ,
the enterprise as ecological optics. More generally,
under consideration, the enterprise is referred to
underlying premise is that at the scale of ecology
completely free varying; but to the contrary,
constrained by the environment so as to be spe

mosaic of rays;
riptions of the 3

y and retinal transduction, respec- §

grained description of the

though a very fine-grained |

he light can be information 3
of vision was the induction of ;
iption of the light and visual J
ible to account for the variety §
For what reason should any 3
tricted subset of the possible
onment (von Uexkiill, 1957)?

A

ve to conclude that there are 3§

when all energy formsare
as ecological physics, Th b
» an energy medium is not 3

3

neutral, simple optical p
description. These complex
1966b) as invariants; and Le
magnifi

ed at a more molecular level of |
particulars have been referred to by Gibson (e.g.,
nal texture uniquely and
-to-contact between an animal and an object,
Significantly, the description of radiant light as constrained by an
environment is neither redundant nor inconsistent with the most molecular .
description of the light. This is because a constraint is an alternative -
description, as Pattee (1972) has sought to clarify; and in this respect, an

» it would be mistaken to describe the 3

§ that includes §

es of physics have primary 3

s of particle physics, thereis §

hat physics hasa monopolyon 3

9. THE PRIMACY OF PERCEIVING 211

i tion of Medewar (1973) is illuminating. Given the order Euclldt;ai;l:
4 e oo tive, topology, each successive geometry allows.larger eq v
“ affine, F;rojc: tlha’n its predecessors and embodies fewer f:onstramts. B}lt “(/i ‘;1
?lence . aSSL; less constrained geometry, say topology, 1 not' cpntradlcte A };
o - ined geometry, say Euclidean. Nevertheless, it 1s.the case tha
N COHStral?Zx glain why’two squares that differ only metrically are no:
] t0pc_>lolgy (t:a?: 0Euclri)dean geometry. In short, with respect to the ]'easd
| z?):llls‘t/zrla?rr:ed (and putatively more basic) geometry, the; most constraine
: i ; ither is it inconsistent.
L o rllmt;id::ci;l::nig ?)fn:lternative descriptions of the light (qr an);
L:]ggor::gitu):r’l for that matter) weakens the strangle hold Offt::sgfif:ir;irgwt t?e
o , ifici i inciple, there is a way o .
iptracmtzlk?a? ;?Zi?;;gfgz;ni?;tilgnp;nd gista] objects a're not cqu1;1]oc;1élg6<;;
4 !]rﬁhtr:gse]y related; and this, surely, has been Gibson’s (]95Q, 19'n,the "
g i ition. It is notable that while students of perception in pas
g uric h v'e aid lip service to physics’ monopoly on describing ig (i
e cemun:sth: sanri)e time pursued alternative and generally coarser gfalgtl:
?e:zrli]:::r: than those distinguished by physics. This pursultlwtzil; m:r‘:,]:; t :;
b improbability and questioned useftflness of trans a}] g rom the
b et ?h?: lr?i‘r)lc-grained description of the light to the philosop s o
P hologi t's coarse-grained description of visual, pheporr_lenal experience.
PSYChOIO’gls_ N dilemma. A theorist chooses some grain size of'descr.lptlon
o roen b hc;a ﬁrllest gra'in, presumably because the coarser grain faglhtates
onders th?ir'u eof the phenomenon in question. The pl1_en9menon is more
'underSt‘an mig reference to the coarser grained description thal? 1t.1s 1-11n
oranco ¢ tr;xe finer grained description. At issue for the theorist is t e%
zirf::ir:: lt:))/ which to decide on the proper grain; ideally, the choice o
iteri rbitrary. '
cngn?l?issrs(s):;dal::i)rtn:;a—:nl\)/iron{nent synergy is anything })ut'mute. "tl'?(l)):ug:gl
withnit suggest; that that description should be spught which f\fs z: (11:):; cle-l-based
’ bient light in reference to an ?mmal. ‘An affo based
. t'h? i ould contrast with a partitioning relative to the Fr'ans. y
fizr:suoofnérlllili\:iean geometry. The latter is an animal-nc;,;xtra! partn;g)er:lcr;i f:al
ignifi i ast half-millennium o :
Bt plaz' i?oiisrl]ggntl:: ":ingthrto::gtit\}:: fo Euclidean geometry.offers lltt'le
by ey Bl;t pa;;derstanding of perception as an adaptive relation, and its
b)r,i \;{r?Zl (:Js:;e was perhaps more a matter of convenience than of reason,
0 . . .
bolgstered by the implicit ammal—envxronme:n? fiualxsxrl\. s proposed satlicr
It follows (informally) from the ‘compgublllty analys gistributions et
hat the logically possible world.m which the energy. o e
o atible (that is, invariant or symmetrical) with the acts e
mUt.ually co:nis more likely to exist than one in which such compatibilties ai
:2\},1‘(:(1)(;1 “'l\"::a upshot is that animal-environment synergy advocates adoctrine
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5 orientation. There are two major co'mponems c'>f an event—the _natureooresrtt);les
1 of the change (e.g., rotating, growing, bouncing) and the ot::ec:j prtr;:ne e
preserved over the change—and it would follow t:rom .t c: . ?grm&tion
? necessary specifity that there must be two kmds_ of invarian u:) ormate!

 corresponding to these two components. These invariants can i A,
 respectively, transformational anfl structufal (Sha?v & Pltttenlger‘:ChangéF
b (ransformational invariant is that mformatlon,“specxﬁc t‘o a”s yheo change~
 that is preserved over different §tructure§ supporting” the tc: ! %h;n s
' structural invariant is that information, specxflc to an ol?Ject structu t, hat e
1 preserved over the styles of change In Wthh. the pbject participates.

] perceive an event, therefore, is to detect these invariants.

of necessary specificity, and in so doing it offers a further guideline for ;
choosing the grain of description—namely, that there must be specificity in
the coarse grain despite demonstrable nonspecificity in the fine grain. Thatis }
to say, there is a grain of description at which the patterned energy is specific 3
to the environment. The ecological theorist’s charge is unequivocal: Pursue ‘-
ever coarser grain sizes of description until the specificity is realized. :

Patently, the doctrine of necessary specificity is the ecological orientation’s §
counter to the traditional doctrine of intractable nonspecificity. Among the 3
accomplices of the latter doctrine was the assumption that the basic variables
of physics identify the primary reality and that the registering of these
variables constitutes a necessary initial step in perception. In the ecological
reformulation a complicity is observed between the doctrine of necessary
specificity and the dehypostatizing of the basic variables of physics. The
ecological reformulation postulates that complex particulars qua invariants,
defined over the patterned energy, constitute information about the reality
that is specific to the animal—precisely, the affordance structure that is its
environment. As a further postulate, the animal’s perceptual systems register 3
these invariants directly, without prior registration of the variables basic to }
physics and without recourse to epistemic mediators (Gibson, 1966b; Mace, §
1974, 1977; Shaw & Bransford, 1977; Shaw & Mclntyre, 1974; Turvey, 3
1977). We pursue this latter postulate in the section that follows; but before 3
doing so, let us consider a further implication of the doctrine of necessar
specificity. -4

The doctrine of necessary specificity relaxes the traditional restrictions on 3
the amounts of space and time over which information for a given
environmental property might be expressed and to-which a given perception
might correspond. According to the doctrine, there is no fixed, context-free
quantity of the space~time manifold to which can be ascribed the status of
“region of perceptual informhtion,” in the sense that the information 3
embraced by this region relates to perception whereas the information outside
of the region relates to something else such as, for example, memory.
Accordingly, it is ill advised, from the ecological point of view, to distinguish
perception from memory along the lines that perception is of adjacent order
whereas memory is of successive order, or that perception is of the present
whereas memory is of the past. Gibson has often spoken of the detection of
invariants over time (e.g., Gibson, 1967, 1973) to emphasize that the ;
Newtonian instantaneous moment is not synonymous with the temporal k.
grain of either perception or of the informational support for perception (cf. 3
Turvey, 1977). 1

In the classical orientation toward events—that is, changes wrought over g
an object or complex of objects—the registering of form or static pattern was §
considered basic, and the perception of change was conceptualized as a 3
deduction from sequences of registered static arrangements. As might be 3
expected, a significantly different reading of events is given in the ecological 3

The Postulates of Direct and indirect Perception

"' To say of perception that it is direct, rather thfln indlrec':t, 1sfto sac); ttlla: ]:;
f necessarily provides information about how things are (1;11 re e:len e to

} effectivities of a given animal) aqd not merely about. ow t ij' é): n.-
¥ Traditionally, as noted above, variants of %he {1onspecnﬁc1ty an mt-fr;;em-
F jence doctrines such as the argument-from-illusion and the artiumtle:im om
] incomplete-speciﬁcation have been }Jsed to cast doubt on the 'Cht ) shat
] perception can in any sense be dlrect.‘ In order thatlwe n:llgt. better
I understand the notion of indirect perception, le't us formulate w ;1 ‘fsf neant
: by the assertion that some observer, 0', pe'rcelves some state oha | :c\l ir;ct
4 (where S is taken logically as that which is the ciase). Under t gflsevera]
] perception idiom, the assertion “O perceives S means one

 possibilities:

“0 perceives S as X.”
«S appears as X to 0. )
«§ is perceived as X by O.

. The middle term X plays the role‘of‘an e.pi.stemic medi'atlo.n f(f)rogms3
4 perception-knowledge of S. Under the indirect idiom, pero;ptlon is (;s;;arﬂy
I surrogate that contingently stands for, or represents, .but is not tr;)ecwmtt o’
¥ identified with S. To identify the contlt}g'ent yr?edlary X1 wi ! what ¢
F nccessarily true about S, requires an addm‘onal \nferent_\a dste.;;i]ls ther
4 words, O perceives X and then infers that X is to be lc.lentlﬁe fwx , 8 v
B (hat sufficient additional evidence to dosois forfhcgmmg(say, rom mer.g0 1:;
f of previous occasions on which it seemed. Jl{stlﬁed to dohsto_ odreemed
¢ application of an a priori logical rule for associating X with S that1s

3 t). )

: us?::x:rf:grrr:ichi)s characterization, percep}iop provides qnly contingent, ::
1 opposed to necessary, grounds for iQentlfymg that which appears to >
i (namely, X) with that which actually is (namely, S). Several consequen
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Here is the postulate that summarily captures the. sense of the forc:gtoelréi
outline: If some state of affairs, S is (c‘iir‘ectly) p.ercexved to be so;ne ';‘ a
:ajfairs, T, then it is necessarily what it is percexve4 to be, name y,t ._th he
b This Postulate of Direct Perception can pe placed in sharp contras \fm "
"'Postulate of Indirect Perception by restatm_g the lattFr in analogoushornt). y
ome state of affairs, S, is (indirectly) perceived by virtue of somflot ;r.tg ":,'s
f affairs, T (e.g., sense data or memories), then it is not necessarily what i

) mely, T. .
e’:lfl?evefdortrflebre :gstul:te can be interpretefl as asserting that Pderce'[:tuaxlh
E:formation provides direct, unassailable evidence .regardmg the identi z' (;1
what is perceived; whereas the latt?r postula.te claims only that P;rc?)t uof
Finformation provides indirect, quesuonat?le ewdenc.e regarding th.elh enbl );he
fwhat is perceived. (What is perceived is the env'lronrpent, \yhlc —t fyc ¢
L definition of environment or econichg given earlier—is species SIPCCI- lf r. I
would be a mistake therefore to read either pc?stul'ate as naive real 1§ml, (gee
the perspective of evolution and ecology, realism is necessarily critical.
E sford, 1977. .
: Sh’?‘l‘:’e?)cf::fl?ate of Direct)Per_ception can l‘>e ar_rived at by virtue ox'" a furthelt
¥ consideration of the compatibility analys1§, viz., the‘Law of I‘ij?tenc:'Ch
ifollows (again, informally) that the !oglcally possible wor]‘ , lm _\;vh :he
‘perception is mutually compatible (Fhat 1s,‘mvar|ant or symme;rlca Ywi hthe
"cnergy distribution or proximal stm.lulatl.on as engenderc.:d” yfar}l etnvhold
ment, is more likely to exist than one in which such compatibiity ails to " .
That is to say, animal-environment synergy ?dvocates a doctrine oft. :;
symmetry of perception and proximal stimulation as the f:ounterassumpi :al
to the traditional doctrine of indepepdepce of' perceptlor} frqm prglx nal
' stimulation. Thus, given an observation in which perception is sta ;
4 proximal stimulation appears to be varying, the traditional independence

follow from this that are consonant with the presumed import of the two 4
arguments from illusion and incomplete specification: '

L. If what is known (X) through perception about the world (S) is
necessarily indirect, then perception-knowledge is at best contingent and §
must be treated always as potentially suspect, 9

2. If (indirect) perception-knowledge is merely contingent, then evidence §
from some source other than perception (e.g., inference or memory) is 3
required to evaluate the worth of perceptual information. i

3. Given that perception-knowledge can be shown to be a source of either 4
true or false information about that which is the case, S (e.g., the perceiver’s §
environment), then perception-knowledge, because it involves an inferential §
step, must be considered a proposition-making activity.

Thus, what might be called the Postulate of Indirect Perception can be §
summarized as follows: Perception-knowledge consists only of contingent .§
propositions about possible states of affairs that may or may not be j
demonstrated 1o be either true or false about the perceiversactualworld (e.g.,
the animal’s environment). ;

The Postulate of Indirect Perception has been tacitly adopted by student
of perception for the past half-millennium and long before; and it is a logica
consequence of the doctrines of intractable nonspecificity and perceptua 4
independence from stimulation. But as we have intimated, this postulate }
renders the perceptual bases of an animal’s knowledge about the dangers and 3
pitfalls of its environment so weak and tenuous, that it is difficult to imagine
the successful survival of even one generation of animals, much less the 3
continued eyolution of their species over countless generations without a 3
break in the chain. The Postulate of Indirect Perception (or indirect realism) 2
runs counter to the understanding that from the beginning of their j
association, animals and their environments have enjoyed common causal g
bases that guarantee their original and continued mutual compatibility.

The argument for a contrary postulate, that of direct perception (or direct

realism), can be outlined as follows: First what justifies the claim that
perception is a valid and reliable source of information for an animal or
human about its environment is that perception is necessarily incontroverti- g
ble by any other form of knowing the environment (e.g., inference). Second,
perception is incontrovertible, because it is necessarily a direct apprehension
of that which is true by force of existence rather than by force of argument,
And third, perception may not be contradicted, because only propositions
may be true or false and perception is not a proposition-making activity.
Propositions are assertions regarding states of affairs that either always
obtain or never obtain. Perception, by contrast, is not an assertion about
states of affairs but is a state of affairs and therefore necessarily obtains (a
claim that is explored at length in Shaw et al,, in press).

b7

B doctrine would foster the acceptance of the observation at face value; :}cx;
ecological symmetry doctrine, on the otber hapd, wo.uld encourage at Sf)?e ch
for an alternative description of the proximal stimulation that was assta
th?l’ﬁ:r(}:fg:izgte of Direct Perception is given by the fit between the t»;;o
""aforementioned ecological doctrines. Sinqe a 'symmetry (law) between :he
environment (e) and the energy distributions as modulated by | r(:
environment (¢) holds, and since a symmetry (law) between ¢ and]per%e}f) io
(p) holds, then by transitivity a symmetry (law) between e and p holds. That is,
< p, therefore, e < p. ' .
‘ %:’t}(ﬁs p.::int we conclude our discussiqn of the ecological r'eformulatlofnt }?f
perception. It remains for us to do two things: Todraw up an 1nve:ntoryg th:
major contrasts between the leg'flcy c?f the past five .cent_uru_:s an | the
ecological reformulation, and to identify some of the implications ot
_ reformulation of perception for the understanding of memory. The inventory

b
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TABLE 9.1

The Legacy of the Last 500 Years
Animal-environment dualism
Conditional or causal logic
Doctrine of intractable nonspecificity
Doctrine of independence of percep-
tion from proximal stimulation
Experience as constitutive df percep-
tion .
Postulate of indirect perception (or
indirect realism)
Events (change) as reconstituted or
deduced from static samples
Operation of representation (a ternary
operator or triadic relation)
The theory of perception as inde-
pendent of the theory of action

Simple particulars and general-pur-
pose devices

The Ecological Reformulation
Animal-environment synergy
Adjunctive logic
Doctrine of necessary specificity
Doctrine of symmetry of perception
and proximal stimulation
Experience as preparatory to percep-
tion
Postulate of direct perception (or direct
realism)
Events as transformational and struc-
tural invariants
Operation of specification or duality (a
binary operator or dyadic relation)
Coalitional organization of perceiving
(affordance structure) and acting
(effectivity structure)
Complex particulars and special-pur-
pose devices

SOME IMPLICATIONS FOR
THE INTERPRETATION OF MEMORY

How might we view memory, given the ecological reformulation of the
problem of perception? If it is admitted that the distinction between the two 3
no longer can be considered to reside in the temporaneity of memory j
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onstitutive of perception in the sense that experience traces arei] cor::velr:)tlic::t;-l
ally, said to be part and parcel of a perception. l'{a‘th?r, o(rj) the gnztl gb“t
eformulation, experience is preparatory to perceiving; said succi tz bt
completely, experience attunes or sensitizes perceptual systems

ion that specifies affordances. .
: nt;::t?:xz:tr:i()nngtto thepwhat issue—if memory itself is taken to be the exper;ern(:
f complex particulars (e.g., events), then the' conceptfof me]rr:ogy ;r:)d gn R
ndistinguishably with the concept gf perception as re orn_}‘uha ett,em | no
rogress is made toward their distinct charac?en'zatlon. € af efn A
onsider perception of events as merejly the stringing toge}her 0 ::1 S im(};
£ images or representations of successive p‘e;ceptual expernein::es 0rf s into
erplexing difficulties (besides contradicting the Postulate
egsgtsl:::li. difficulty with the representationalists’ (ind.irect) thepry is tl:la:
he memory images (or repreesntations) of each successive expinence ma:c
themselves be contemporaneous; they mu§t occur now, w enWhWaet e
emembering (Locke, 1971). Thus according to this ‘theorgr, what e
pprehend when we remember is _not what ‘has happ.ened (i.e., the st essiv
reeptual experiences) but what is happening now (i.e., the currenxn; riencz
xperience). But if that is so, then how can a contempqrane%us}; 5 rlence
ostensively specify past (nonconte@poranequs) experiences? I o.h can 2
émporal series be rendered manifest in locaI. signs of aspat_la.l series; é)‘acen—
emporaneity be reduced to contemporaneity, or successivities to ad)
qe%e so-called trade-off between timg and space is well understood, mfgv‘;ii
and other such recordings being prime examples. But as Pattge (is 7
suggests, the puzzle with natural records, such as genes ar}l\d rpemotr:)ei;( not
bow they are made (for there are ab\‘mdant causal mechanisms main};d in
their occurrence); rather, the difficulty is to conceptualize whar is co

experiences as opposed to the contemporaneity of perceptual experiences,
then the basis of their distinction must be sought elsewhere. Especially,
hard pressed to explain the perception of events that stretch over significant
periods of time as “memories” of the cumulative effect of experiences of
successive parts of the events. We perceive the concert, the duration of the day
from dawn to dusk, the drying up of a puddle over a long, hot afternoon, and
so forth (Shaw & Pittenger, 1977). Invoking memory as a process to explain
how events are experienced begs the important question of what is 1
experienced, simple or complex particulars, and moreover, stands in
contradiction to the Postulate of Direct Perception,

Let us remark on the latter contradiction before pursuing the what issue.
The Postulate of Direct Perception rules out epistemic mediators. Memories,
therefore, cannot be the kinds of things that enter, with sense data, into a
recipe whose product is a perception, Put another way, experience cannot be 3

such records. This is the real puzzie of memory. If we underst_olodf»;gl;a
constitutes a memory, then we might begu} Fo‘work out tpe details 0 o
what is remembered is remembered. Hence it isimperative, if progress is n(;
;ilade, to hold fast to the distinction between the f:ausal process that supdpothe
¥ memory—the physical, chemical, and biological mecl}anlsmfx——&n | ine
epistemic act of remembering as such. To confuse the two is to miss the

Of”;}l:a gszgefor an ecological reformulation of the problem of memory \»]/iosﬁic:
begin with this distinction: Memory as a causal process that acF?m;)i hes
record keeping of experience versus remembering as an :p:: e::, ;lo :
supported by such a mechanism but by no means explained py lt. / zescribgd
might make this distinction clear}er. That the.polaf plammc.e Jescribec
earlier measures area is no where given as a manifest sign or obvxoush pl o
its mechanism. One moves the index arm around the perimeter of the clo

weare
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line-drawing, and the measuring wheel skids and turns until a final value is §
arrived at for one complete circuit of the index around the figure. A person
untutored in the use of the polar planimeter, even if told how to use it, would 3
not immediately grasp what the significance of the act was; there would beno #
way of knowing what the numeric symbols on the measuring wheel signified. §
How could there be?—for the causal mechanism provides only support for
the epistemic act of measuring area and is in no sense semantically equivalent
to the act.
A similar argument can be made with respect to the causal mechanism of
memory. Even the most thorough understanding of how it works would bring §
us no wit closer to understanding what it is that such a mechanism does no
what it signifies. In both cases, the significance of the epistemic act, whether
remembering or measuring area, is not obvious but must be discovered. But 4
how might we discover the significances, unless we already have constraining §
hypotheses regarding what it is we believe the devices in question were 4
evolved or designed to perform? k
Hence the puzzle of what mechanisms do must be pushed back to the 4
question of why they originated—why they are needed. The desired ecological 3
reformulation of the problem of memory, like that of the problem of
perception, requires an insightful attack on the question of origin; for it is here
and only here that the secret significance lies of why memory, perception, or
other such processes should exist at all.
At least a stab can be made at what may be contained in memory records, 3
Our hunch is that if the ecological reformulation of perception is in the right 3
direction, then the attempt to reformulate the problem of memory should 4
follow suit. First and foremost, memory—like perception—rather than being 4
merely an organismic process, should be a property of an ecosystem. That is 4
to say that memory like perception should be conceptualized in terms of the
mutual compatibility of animals (as effectivity structures) with their
econiches (as affordance structures),
The following three postulates represent a first effort to address the #
boundary conditions on learning, generalization of knowledge, and
remembering, respectively. (The first postulate is written fully in both
affordance and effectivity terms, but the effectivity portion is omitted in the ;
second and third postulates for simplicity of presentation.) Postulate I
(Learning): An environmental event or situation X affords an activit 'y Y foran
animal Z, and an animal Z can effect an activit 'y Yonan environmental eveny
or situation X if and only if X and Z are mutually compatible (X 4 X).
Where the first postulate states the boundary condition that must be
satisfied if learning is to take place in a given situation, the second postulate
states the conditions that must be satisfied if knowledge gained in such
situations is to be generalized to analogous situations. Postulate I
(Generalization of Knowledge): An environmental situation X affords an
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activity Y for an animal Z only if another situation W ;f/f(})’rﬁ/ /l};; i}(;r:;
dsto Y (ie, X/ Y:

- activi r Z where X stands to Y as W stan ‘

'z:;; l:fy ){ iomutually compatible with Z in l;w same way that W is mutually
: ] ith Z [i.e., (X ¢ Z)= (W% 2)} ' .
'co”;‘qﬁ?nblssr:late Eiescribes the conditions required for 'the an]:logll(l:::
tenl:ioi of knowledge from one situation to another according to the us 2!
xany of analyzing analogies and metaphors (Verlbmgic(;?;)).f(;l}l;/)vll;;gissl:hc
j i i jc. W/ Y is the vehicle, an =

F an analysis, X/ Y is the ropic ; et thon the
3 he analogy. If the analogy is percep _

figosltl:l‘:\t: fc::me be used in principle to capture the notion of perceptual

b invariants as the ground of the analogy. Finally, we identify the postulate that

42

E ciates the boundary conditions that must be satisfied if rememberingis to be

- anecologically defined epistemicactand memory a p.roperty of 31 ?:iijxg;
: 111 (Memory): An environmenta( situation X a_'/]'or s vy
i POSIuIate_ al Z at some later time t« only if some situation Waj]‘or '
l’ ::z{:; 2;;’;;;" Y for Z at some earlier time t; where (X] Y: W] Y) ifand only if
b = (W< Z) ‘
(XTixif)final(postul:te proposes a vie‘w of memory as kno;vledgsc;,ttuhaatti op:er]ts}::
E by analogical extension (generalization) from earlier to aterl : > (,)SC ¢
o tulate, as already pointed out, can be used inter alia to prop 1
i st?cond fp - ali’zation by analogical extension over d15}mct perceptua
b ituatic ge:lzr ce the second postulate can be said to describe the necessary
] sﬁﬁ::lt?:;s fornperception-knowled ge, whereas the third postulate can be said
P C

iy i the
1 to describe the necessary conditions for memory-knowledge. And in th

extension of these postulates is defined, in large part, the tack

cking and
A ical orientation would take toward the phenomenon of

that an ecolog
memory.
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