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Advances in methods for observing the neural and hormonal events that coordinate
behavior pose a challenge for psychology. Such research suggests that these events are
complex and highly organized developmentally. They are more likely to be understood
when considered in their relationship to one another than when taken in isolation.
Further, examples from a variety of areas appear to indicate that variables at different
levels are rarely related one-by-one. Rather, the rule appears to be of pattern-to-pattern.
On the psychological side a theory of patterns appears to be wanting. Some of the
metatheoretical problems involved in developing such a theory are discussed. Methods
of analysis for a large number of variables are available provided these variables are
organized in patterns. A psychological theory meeting the new challenge requires
autonomous developments within psychology, since it is unlikely to grow from advances
in the neurological sciences.

This paper examines the relationship between behavior and its neural and
hormonal substrata. It also attempts to clarify conditions that may facilitate a
link up of these two areas of research. Recent evidence suggests that hormonal
and neural events (both electrical and chemical) are better understood when
considered in patterns of relationship than in isolation. In consequence it
appears unlikely that neural, hormonal, and behavioral phenomena will be
related one-to-one. A pattern-to-pattern relationship seems more probable.
Present conceptualizations of behavior do not meet the requirements of
linkage with neural or hormonal activity since they focus on isolated variables
rather than on their pattern of interrelationships. In the last part of the paper
we consider some metatheoretical and methodological notions that may
foster the development of a more appropriate psychology theory.

We have long known that psychologically important events occur inside
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our bodies. Until recently they could not be observed. In spite of this
limitation, some psychological theories offered conceptualization of such
internal processes that could explain observable behavior. A typical example
is provided by Freud’s mechanisms of defense. These assumptions were not
particularly useful in predicting behavior: indeed, the internal processes could
only be inferred from behavior, after it had occurred.

In reaction to these shortcomings behaviorists suggested that we should
ignore unobservable events. We should be able, they proposed, to predict the
behavior of an organism by observing the stimuli that impinge upon it. Thus,
for different reasons, adherents of either school did not need to worry about
the internal-external relationship. However other investigators, often influ-
enced by Lashley’s thinking (e.g., Eccles, 1953; Hebb, 1965, 1980; Milner and
Teuber, 1968; Weiskrantz, Mihailovic, and Gross, 1960), had the foresight to
realize that the problems posed by the relations between brain and behavior
could not forever be ignored.

Even for those who avoided facing the problem, this situation of blessed
innocence is now coming to an end. A growing number of sophisticated
techniques have begun to permit the observation of internal events. These
techniques may be considered as still somewhat imprecise, but they are
constantly improving. Not surprisingly, most advances have been made in
animal studies, rather than in the investigation of humans. Indeed, some
methods involve procedures too obtrusive to be applied to humans. Fur-
thermore, the behavioral repertoire of animals is more limited and thus easier
to be related to brain events. Yet progress in human research has also been
made. Consider for example recording of electrical activity in muscles (e.g.,
Cacioppo and Petty, 1981), mapping brain pathways by monitoring of radio-
labeled glucose (Kennedy, Des Rosiers, Jehle, Reivich, Sharpe, and Sokoloff,
1975), in vivo observation of cerebral blood flow by computed tomography
enhanced by non-radioactive xenon gas (Gur, Good, Wolfson, Yonas, and
Shabason, 1982), nuclear magnetic resonance, or the visualization by autora-
diography of specific receptors for neurotransmitters in whole organs such as
the brain (Pert, Kuhar, and Snyder, 1975).

These technical advances open exciting new vistas for the research psychol-
ogist. They also pose a challenge. Are we ready for it? And what could we do
to improve our chances of meeting the challenge successfully? In examining
these problems we shall maintain a dichotomy between externally observable
variables, i.e., behavior, and internal variables, such as alpha rhythms, action
potentials, enzyme concentrations and the like. Yet, dichotomy is an oversim-
plification. It seems likely that more than two sets of concepts will prove
necessary to account for the relationship between brain and muscles. But the
arguments that applied to the relationship between two sets, grossly labelled
external and internal, will hold with more cogency for a larger number of
them.
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The research problem underlying internal and external studies can be
roughly stated as follows: “What is the mutual influence (or relationship)
between states of the organism and behaviors.” More specifically: *“Which
changes in internal states are induced by behavior and, reciprocally, what
changes in behavior are induced by internal events?”’ An attempt to answer
these questions invites consideration of the nature of neurological and psy-
chological data. Those provided by internal observation are likely to be
organized in structural patterns, their functional significance coming from the
pattern rather than from each separate component of it.

Ubiquity of Patterns

Evidence on the significance of patterns can be located in a variety of areas.
Consider the coding of genetic information: each instruction is represented by
a specific sequence of three bases, taken from the four found in the DNA
structure. The information is provided by the sequence and not by each base
considered in isolation, so that the mere frequency distribution of the four
bases bears no relationship to the meaning of the instructions. When DNA
had still to be identified as the genetic material, biologists assumed that the
heritable differences between organisms must be determined by protein
structures. Indeed proteins were the only molecules known to be capable
both of sufficient variety of form and specificity of function, as exemplified by
enzymes. The structure of DNA, containing as it does only four differentkinds
of bases, did not seem to offer sufficient potential for either structural
variation or specificity. In fact, it was at one time believed that DNA consisted
of a mixture of small molecules, containing one of each of the four bases in
random sequence, the so-called “statistical tetranucleotide.” The discovery in
the 1940’s that DNA molecules are very much longer than this and that the
genetic material is indeed DNA, was followed by the finding that the fre-
quency distribution of the four bases varies widely among the DNA of
different organisms (Strickberger, 1968, pp. 48-59). The elucidation of the
structure of DNA by Watson and Crick stimulated speculation in the 1950’
on the nature of the genetic code, including the following proposal, which
subsequently proved to be correct. By taking the four bases three at a time, 4°
or 64 different kinds of instructions can be encoded into a linear DNA
molecule, and this is more than sufficient to specify a linear sequence of the 20
different kinds of amino acids on which protein structure, and hence enzyme
specificity, depend.! This example is particularly instructive because it shows
how an unwarranted one-to-one assumption (one base for each instruction)
can lead the investigator astray. It is not by chance that the breaking of the
genetic code followed the discovery of the structure. It could not possibly
have preceded it, since the information is carried by the structure.

ohn A. Grunau: Personal communication, 1971.
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Patterns in Chemical Structure

Patterns are also important for decoding the information carried by the
amino acid sequence of polypeptide chains. This sequence itself is not directly
relevant to the biological function of the molecule because polypeptide chains
spontaneously fold and assemble themselves rapidly into three dimensional
globular forms. The three dimensional shape or conformation of protein
molecules determines its specific biological function (Anfinsen, 1973).
Moreover, many proteins have the capacity to change their conformation
when they bind a ligand. For example, when the protein hemoglobin binds
oxygen, its subunits interact cooperatively to accomplish this by shifts in
molecular conformation. When hemoglobin releases its oxygen its conforma-
tion returns to the original state (Monod, Wyman, and Changeaux, 1965).
The capacity to shift conformation reversibly also occurs in allosteric (other
sites) enzymes that bind one ligand at a primary site and one or more
modulator molecules at secondary sites. Each modulator acts to change the
conformation of the enzyme in different ways making it either more or less
likely to bind its primary ligand. Similarly, allosteric receptors have the
capacity to change conformation after binding certain modulators (Monod, et
al., 1965). Further, in vitro work indicates that opioid (mu) receptors are
shifted into a conformation that binds opioid agonists when sodium modula-
tor ions are in short supply (Pert and Snyder, 1974). The effect of such
receptor occupation may encourage sodium retention in the body and stimu-
late appetite. This brings sodium concentrations up to physiological levels
sufficient to shift the opioid (mu) receptors towards a conformation that
binds opioid antagonists. Such agents may promote sodium excretion and
tend to inhibit appetite (Margules, 1981). These patterns of modulation at
sites on regulatory enzymes and receptors may be crucial for understanding
molecular events underlying behavioral regulation.

Patterns in Newronal Circuits

Self-assembly not only occurs at the molecular level but also in neuronal
circuits during development. Here again, pattern in four dimensions may
provide insight into psychological processes such as selective attention.
Recently, opiate receptor gradients have been reported along hierarchically
organized cortical systems of rhesus monkeys that sequentially process
modality specific sensory information of a progressively more complex
nature (Lewis, Mishkin, Bragin, Brown, Pert, and Pert, 1983). This suggests
that the pattern of opiate receptors in cortex plays a role in the affective
filtering of sensory stimuli and in emotion-induced selective attention. A
similar distribution of gradients has been reported for dopamine in the cortex
of rhesus monkeys and African green monkeys (Lewis, et al., 1983).
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Patterns of neuronal connections are dependent on sensory input in post-
natal development as demonstrated by the failure of certain cortical “‘barrels”
to develop if certain sensory vibrissae are destroyed at birth (Van der Loos
and Woolsey, 1973). Similarly the visual cortex develops an abnormal pattern
upon reduction of visual input (Wiesel and Hubel, 1963). Apparently signals
from the environment influence the genetically guided program of neuronal
development to modify the pattern of neuronal circuitry.

Patterns in Neural Events

Evidence is accumulating that electrical neural phenomena also involve
consideration of patterns. For example, Donchin (1979) reviewing work on
event-related brain potential notes that the weakness of early studies can be
attributed, in part, to a tendency to treat the event-related potential as if itis a
global representation of the state of cortical tissues. . . . It has proven,
however, far more fruitful . . . to consider the event-related potential a
sequence of overlapping components, each possibly representing activity of
different populations of nerve cells and each standing in different, often
orthogonal, relations to experimental variables (p. 24).” A similar conclusion
was reached by Gevins (1981) and others who studied electrical potential in
the human brain during a simple task of judging distances or the magnitude of
a number. Their results suggest that “many areas in both hemispheres were
involved in a complex manner even in single judgments” (p. 213). This line of
thought is also reflected in the work of Iversen and Fray (1982) who cautioned
that the change of behavior following interference with a pathway in the brain
reflects not only loss of the contribution of the lesioned system, but also
dysfunction within a wider network associated with the dopamine neurons.
This brief review suggests that internal events, be they electrical or chemical,
are better understood when considered in patterns rather than in isolation.
How then do these patterns of events relate to a single specific behavior?
Evidence bearing on this question is examined next.

Internal-External Relationship

The one-to-one assumption in the relationship between behavior and brain
is denied by some findings of Luria (1966). His research on disturbances of
higher mental functions in the presence of local brain lesions indicates that
more than one brain activity is involved in any given behavior and conversely
a given activity such as handwriting may be impaired in different ways varying
with the location of the brain lesion. Moreover, when a handwriting compo-
nent, such as directionality, is impaired, we may also expect to find this
component impaired in other domains of behavior. Social direction (e.g.,
differentiation between what one does to self and what one does to other) is
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one example of a behavior which may be defective due to disturbances in the
directionality component. More recently Luria and his associates expanded
this notion by suggesting, on the basis of clinical observations, that the same
behavioral system may be related to different cortical structures at different
stages of its ontogenetic development (Luria, Simernitskaya, and Tubylevich,
1970). Fentress (1976) went even further by proposing that cerebral organiza-
tion may change in different states of activation. A complex brain-task
relationship is also evident in sensory functions. Employinga visual discrimi-
nation task, Iversen (1973) found that monkeys with a posterior inferotem-
poral lesion show impairment of pattern discrimination but perform almost
as well as normal monkeys in simple color discrimination. These results
suggest that more than one brain function is involved in visual discrimination.

Recent Evidence

Further support s provided by more recent work dealing with the relation-
ship between internal and external variables. Lynch (1980) after reviewing
evidence on the relation between a region of the brain—the posterior parietal
association cortex—and psychological functions, concluded as follows:

Evidence has been presented from the human clinical literature and from experimental
lesion and behavioral-electrophysiological studies of monkeys which suggests that post-
erior parietal association cortex is intimately concerned with several different aspects of
behavior and higher nervous function in both humans and monkeys. Clinical studies
have shown that posterior parietal damage causes disruption of many behavioral and
intellectual processes related to sensation, perception, attention, and motor control. The
effects of damage to posterior parietal cortex in monkeys are similar to those that follow
analogous damage in humans to the minor hemisphere, although there is evidence that
the contralateral defect of attention that is so striking in humans is less severe in
monkeys, and that disorders of motor control are more profound and longer-lasting in
monkeys than in humans. . . . Available evidence suggests that there is no single heading
under which all of the functional mechanisms of the parietal association cortex can be
classified. The results discussed here confirm that parietal association cortex is critical
for the performance of sensory and perceptual processingat a high level . . . . However,
the results also support the proposal that posterior parietal cortex contains, in addition
to its sensory association mechanisms, other functional units that are primarily devoted
to the initiation and control of certain motor acts, and yet other units that are involved in
the modulation of the sensory and motor processes by attentional, motivational, and
emotional factors. (p. 497)

Likewise, Vanderwolf and Robinson (1981) noted that the activity of neocot-
tical waves does not relate one-to-one with the state of arousal or
consciousness.

Commenting on the Vanderwolf and Robinson (1981) paper, Krnjevic
(1981) noted: “It is notoriously difficult to interpret ‘brain waves’ (EEG
activity). When an attempt is made to correlate types of brain activity with
specific aspects of behavior—another ‘phenomenon’ that does not readily
lend itself to precise, objective analysis—the complications are further com-
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pounded (p. 484).” In the same vein, Vinogradova (1981) tartly remarked:
. itis a sweet, but deceptive dream that any brain state, reflected in EEG
changes, must be immediately translatable into easily interpretable overt
movements for the benefit of the experimenter (p. 496).” With reference to
sleep-waking states, Jones (1981) proposes that the relationship between
brain activity and behavior “should be approached through a more holistic
view, involving constellations of physiological and behavioral events (p.
483).” Support for the soundness of these views comes from the recent
discovery of the mechanism linking an instinct to its genes.

Egg-Laying Behavior: Coordinating by Combinatorial Sets of Neuropeptides

Instincts are among the simplest of behaviors, but there is not a simple
chemical basis for them. Take for example the egg-laying behavior of the
marine snail, Aplysia. Previously this behavior was thought to be mediated by
one neuropeptide known as egg-laying hormone (ELH). One peptide can be
specified by one gene, making it theoretically possible for a single gene to be
fully responsible for an instinct. We now know that this is not the case in
Aplysia (Schiller, Jackson, McAllister, Schwartz, Kandel, and Axel, 1982).
There is a family of nine or more genes that specify ELH-like peptides in
Aplysia. Moreover, each gene in the family specifies a different long polypep-
tide chain that contains ELH along with three or four other biologically active
peptides. The chain is set up with predetermined cleavage sites where enzymes
can act to liberate these peptides so that they can be released together. The
release provokes a coordinated series of actions that allows egg-laying to occur
successfully. Why is more than one peptide specified by each gene in the
family?

The answer appears to lie in a behavioral analysis of egg-laying behavior. In
order for egg-laying to be successful it is necessary for Aplysia to inhibit
locomotion so that the egg-laying string will not be scattered. One of the
peptides could be targeted to act at motor neurons to inhibit locomotion.
Next, head waving begins followed by egg-laying. The egg string is gathered
together into a clump by mouth, making it essential that the Aplysia be totally
anorexic, least it devour its own eggs. Anorexia is often associated with
reproductive behavior in many species, including humans. This raised the
possibility that another peptide is targeted to induce a powerful anorexia by
an action on neurons concerned with ingestive behavior. Another peptide,
perhaps ELH itself could be targeted to cause egg extrusions and so on. This
analysis emphasizes the roles of different target tissues in the execution of
instinctive behavior pattern. There is no reason why one gene could not
produce all of the neuropeptides necessary to properly prepare all the targets.
Why are there nine or more genes involved?
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An analysis of the cell types that produce ELH-like peptides may suggest an
answer. At least two very different cell types make these peptides: one is a
neuron and the other is a hormone-producing cell. Fach of these cells
expresses a different ELH gene. This means that ELH-like peptides and related
peptides will be produced at different sites in the body during egg-laying
behavior. Apparently there is no primary site or center controlling this event.
More than one production site may be needed and various ELH messages may
be necessary in order to induce the behavior. Each site appears to release
peptides that contain a fixed ELH sequence along with a variable sequence
(Schiller, et al., 1982). Margules (1981) advanced the possibility that this
variable sequence represents address information specific to the cell type that
released it. The address information could be used as a means of communica-
tion between production sites. This hypotheses may account for some of the
gene products but not all nine gene products. Other possibilities include the
idea that some of the genes may be pseudogenes. Finally, some of these genes
may be expressed at different times during development in some cell types
and not others. Much of the complexity of the developmental chemistry
remains to be worked out. It is clear, however, that even instincts, the simplest
of the organized behavior patterns, are regulated by complex patterns of
peptide production and processing. Indeed, similar sets of gene families and
combinatorial peptides are responsible for the energy conserving behavioral
reactions mediated by the pro-opiomelanocortin gene (Margules, 1981). The
pro-opiomelanocortin gene, like the ELH gene, exerts this control through the
production of several hormones including the MSH hormones, ACTH and
beta-endorphin. Similarly, there are at least three families of genes that give
rise to a number of opioid peptides. In each peptide the fixed enkephalin
sequence at the N-terminal end of the molecule regulates energy conserving
behavior. By contrast, the sequences at the carboxyl end of the molecule vary.
Their functions have not been established, with a notable exception.

The sequence in beta-endorphin, has been shown to bind with high speci-
ficity to complement, a component of the immune system that acts to lyse
bacteria (Schweigerer, Teschemacher, and Bhakdi, 1982). It is tempting to
speculate that complement presents the enkephalin end of beta-endorphin to
bacteria in order to sedate the bacteria in preparation for the lysing. Indeed,
unicellular organisms such as amoeba and paramecium have opioid receptors
on their surface. If so, beta-endorphin has influence on the immune system,
on one hand, and on behavior on the other. Relating patterns of variables on
both sides appears to be an important, perhaps crucial, requirement. It
demands coordination of different disciplines such as immunology, endocri-
nology, and psychology. Ader and Good (1981) have suggested that these will
be integrated into a new field to be known as psychoneuroimmunology.
Progress which has been made toward other models also promoting integra-
tion will be reviewed next.
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The Missing Model

Bindra (1976) proposed a general model of the relationships between brain
events and behavioral events such as those we have described briefly. Accord-
ing to Bindra’s model there is no one-to-one correspondence between brain
and behavior. Rather, each brain activity is involved in different behaviors
and each behavior is related to a number of brain activities. This model,
Bindra (1976, p. 27) noted, makes untenable the concept of distinctive neural
centers for particular types of behavioral categories. It follows that a psycho-
logical theory suitable to establish relations with brain activity should possess
a holistic quality of its own.

When this characteristic is missing, there is a strong temptation to relate
complex internal variables to ill-defined external events. Duncan-Johnson
and Kopell (1981), for example, reported a study in which subjects were
requested to name the color of the ink in which a word was written. When the
word referred to a color different from the one of the ink the total duration of
the reaction time lengthened, while one of its components (labelled P300) did
not. In this study the relationship between two sets of brain data was found to
be related to a pair of stimuli. Seeing the word “blue” printed in red ink is an
experience which is neither common nor very significant. Presumably then,
interest in the phenomenon of interference stems from the assumption that it
occurs with many other couples of stimuli as well. Unfortunately, the deci-
sion as to whether certain stimuli do or do not interfere with one another is
left to our intuition. Would a square the sides of which are made up of the
word “circle” produce interference? Or receiving a pay raise just a little higher
than what I was told to expect? A psychological theory providing guidance to
answer these sort of questions appears to be needed.

Such a theory should make allowances for the possibility than an organism
can achieve the same functional relationship with the environment by
employing different behaviors. Likewise the same behavior can be mediated
by several different brain processes at different times.? The theoretical devel-
opment we advocate may be fostered by the solution of certain metatheoreti-
cal issues. It is to these issues we now turn.

Some Metatheoretical Problems

Staat (1981) after considering the current state of psychology concluded
that it lacks a unitary framework. It consists, laments Staat, of fragmented,
isolated “‘islands of knowledge” (p. 239). Substantive areas of psychological
inquiry can be approached at different “levels,” such as: learning, develop-
mental, personality, abnormal, interactional, and applied. By keeping these
levels separate present-day psychology has avoided the problem of dealing

2Richard Hallam: Personal communication, 1982.
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with a large number of variables. But the difficulties toward an integrate view
of psychology may start even eatlier, in the way we think about and formulate
variables.

Choosing Variables

Too often our theories tell us which variables to observe (and which to
exclude from observation) rather than stating which relationship we should
expect. If we want to change a behavior, exponents of a certain school, for
example, will propose that we clarify its roots in early childhood episodes.
Other theorists will suggest a change of contingencies, or spelling out the
advantages of a different behavior. Yet, more than one of these groups of
variables is likely to influence the change. We also tend to focus on proble-
matic variables: anxiety, poverty, aggression. Yet it may be difficult to under-
stand anxiety without paying attention to bliss, poverty without studying
riches, aggression without investigating meekness. Furthermore, we expect
our variables to be reliable and have ecological validity. They should exhibit a
certain constancy in time and space. Therefore phenomena of short duration
or occurring only under very special conditions are excluded from observa-
tion. Yet they may be of great theoretical importance, as it is the case with
subatomic particles in physics.

Problems of Definition

When we define variables we tend to pay excessive attention to the com-
mon meaning of the terms we use. “Does this instrument ‘really’ measure
intelligence?”” I doubst this behavior could be called aggressive.” Questions
such as these reflect the fact that variables, particularly in social psychology,
are constrained by the meaning, in ordinary language, of the words we employ
to indicate them. Instead, we should strive for definitions which are uncum-
bered by the current meaning while permitting an easy recognition of instan-
ces of the phenomenon. These definitions should also avoid including the
effect of the variable. Once reinforcement is defined as anything which
increases the frequency emission of response, we short-circuit the important
problem of classifying stimuli which may prove rewarding to various degrees,
depending on the response and the situation (Stevenson-Hinde, 1973).

Equally misleading is to introduce the notion of observability into the
definition (e.g., motivation is said to refer to unobservable internal states).
Whether or not a variable can be observed is an important empirical fact, not
a consideration of theoretical relevance. Indeed, realizing that some theoreti-
cally important variable cannot be observed in the present state of the art may
well spur the search for methods to observe it, rather than demand a modifica-
tion of the theory.
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Problems of Analysis

No less deep and far reaching is the problem of operationalizing the
definition. Different modes of operationalization often led to different results.
These differences generate controversy about the relative merits of different
operationalizations. Yet contradictory results may be due to a contingent
variable not explicitly included in the design of the study: When this variable
assumes values, say, from a to m, the relation between two variables of the
study is positive. It becomes negative when the contingent variable assumes
values higher than m.

Years ago Cane (1961) tartly noted that contradictory results mean that the
description of the experiment was inadequate. Her admonition has been often
ignored. Indeed, many papers have been written to expound the relative
validity of contradictory findings, but few have been written to present
models including contingent variables. One of them is Fiedler’s (1967) con-
tingency model of leadership effectiveness. In it the relationship between
leadership style and its effectiveness is contingent upon the difficulty of the
situation. Another notable exception is Bindra’s (1976, pp. 124-136) conting-
ent model of neural activity, which covers excitatory and inhibitory
processes.

Meeting the New Challenge

Correcting problems of conceptualization, such as those we have briefly
examined, will increase the number of variables that need to be considered.
This increase is also a likely result of the integration among different levels
advocated by Staat (1981). A large number of variables may appear difficult to
handle, leading to the temptation of compounding or averaging them. But the
task of dealing with many variables becomes feasible when the pattern of their
interrelationship is known. Notice, for example, how easily we handle
numbers, which are infinitely many but are ordered. Modest but instructive
examples of known structures can be seen in the area of social behavior (e.g.,
Conte and Plutchik, 1981) and of interpersonal resources (Foa, 1971; Foa and
Foa, 1980).

Cognate structural notions are found in the work of ethologists. They have
described many instances in which behaviors appear to be organized in closely
interwoven systems (Baerends, 1976) which are hierarchically ordered at
various levels of complexity: a system, in turn, controls subsystems (Daw-
kins, 1976). In this way, both plasticity and rigidity of behavior can be
achieved. Plasticity may refer to goal-directed behavior, rigidity to the need
that the behavior is supposed to satisfy. Little advance has occurred in
identifying behavior systems, although a beginning can be recognized in the
classification of system types (Gallistel, 1980). Specification of the variables
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involved in these systems appears necessary in order to utilize available
methods for testing structures of proximity or similarity (Shepard, 1974). So
far their utilization remains limited in the absence of substantive theoretical
work resulting in the formulation of structural hypotheses. If our input is a
hodge-podge of variables the likely result of the analysis is a hodge-podge
structure. Analytic tools are somewhat like a cooking range: the best range in
the world will not help make a good soup if we put into the pot a random
collection of ingredients.

Indentification of a structure enables us to state complex relationships in a
parsimonious manner. Bower (1981), for example, found that the strength of
recalling an emotion-linked event is directly related to the degree of similarity
between the original emotion and the mood at the time of recalling. Thus, an
event which occurred when I was happy will be recalled best when I am happy,
worst when I am sad, and somewhat in-between when the emotional state is
between sadness and happiness. Similarly, Foa, Foa, and Schwartz (1982)
reported that the level of anxiety generated by stimuli indicating loss of a
resource was inversely related to the distance between this resource and the
one which the subject feared losing.

An attempt to establish the pattern of relationships among variables must
begin with a taxonomy of events. The need for describing and classifying
events has been forcefully expounded by Hinde (1979). Concern with “‘the
importance of a firm basis of description and classification” (p. 6) constitutes
a central argument in his treatment of interpersonal relations. It seems indeed
incredible that a “science of behavior” did not even attempt to provide
description and classification of behaviors distinct from the effects of those
behaviors.

Concluding Remarks

Advances in the observation of hormonal and neurological processes
provide sets of data which are best understood in clusters rather than as
isolated variables. By contrast the psychological counterpart of these struc-
tures is often fragmentary and atomistic. There is some evidence and a
considerable consensus of opinion that an atomistic psychology is ill suited to
provide notions to which neurological phenomena can be related. Develop-
ment of a more integrated psychological theory may require changes in the
metatheoretical notions that we apply to the formulation of psychological
concepts.

The possible consequences of a failure to make these changes are hard to
foresee. It is, however, unrealistic to expect that discoveries in the working of
the neural systems will provide an appropriate classification of behavioral and
cognitive events. On this point we could not do better than to quote Bindra:




BLACK BOX 447

To explain intelligent behavior, then, is to show in terms of a more or less plausible
theoretical scheme that the fundamental concepts used in the description of behavior are
translatable into (or reducible to) the principles of neural sciences. This does not mean
that the objective of explaining behavior is to replace all descriptions of behavioral
phenomena and laws by neural descriptions: explanation of chemical reactions in terms
of the principles of physics (physical chemistry) has notled to the discarding of chemical
descriptions, nor has the discovery of genetic code meant an end to the descriptive laws
of inheritance. What translatability means is simply a statement of equivalence (hypo-
thetical or demonstrable) of the main concepts of the higher-level science to certain
functional principles of lower-level (more fundamental) science. The purpose of formu-
Jating such explanations is not to replace one science by another, but to close the gap
between two sciences—to proclaim their unity, in principle.

Nor should the present view of explanation be taken to mean that the explanation of
behavior should be left to the endocrine and neural sciences—that once neuroendocrine
sciences have developed to a high level, no behavioral studies would be required, for the
laws of behavior would follow from the neuroendocrine principles. It may be true in the
eyes of an ultimate knower, or when the whole task of science is done, that all behavioral
principles may be implicit in the neuroendocrine sciences, and that chemistry may be
only unexplicated physics, but this has no relevance for those who are still trying to
discover the various principles of nature. In practice, laws of higher-level sciences (say,
chemistry or psychology) have not been deduced or extrapolated from the laws of
lower-level sciences (say, physics or neurology). In fact, it is the empirically determined
principles of higher-level sciences that often aid in the elucidation of lower-level mecha-
nisms. (1976, p. 19)

Furthermore, noted Hinde (1976), successively higher levels of analysis bring
forth novel properties. For instance, there are properties of interaction
between two individuals that could not be predicted from the behavior of
each one of them (e.g., being in strong agreement).

In the absence of autonomous developments in psychology, neuroendo-
crine scientists may become more concerned with physiological functions per
se, rather than in their relation to psychological events. Historically, psycho-
physiology has become more and more divorced from the problem of relating
external to internal events and has focused primarily on physiological events.3
Alternatively, brain investigators may develop a mini-psychology of a sort,
ancillary to their main interests. It is therefore important to answer the
challenge posed by the opening of the black box: bringing psychological
thinking to a level of integration which will foster the discovery of the
complex relations between brain and behavior.

3Richard Hallam: Personal communication, 1982.
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