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Understanding human behavior and its development in-
volves identifying and analyzing its causes, that is, its
origin, structure, substrate, function and the contextual
interacting variables. This paper discusses various types of
causal explanations for behavioral development and intro-
duces the concept of contextual variables called "interac-
tants.” It provides illustrations from infant research that
suggest that behavior analysis of development is moving
beyond the mere analysis of the components of Skinner’s
three-term contingency into a principle-based understand-
ing of contextual variables.

Analyses of Aristotle's notions of explanations have
identified several types of causes of behavior including
efficient, formal, material, proximal and final causes (e.g.,
Killeen, 2002; Rachlin, 1992; Schlinger, this volume). In
what follows, I have attempted to broaden the historical
fascination with Aristotelian causes by including the anal sis
of contextual interactants in the study of the determinants of
human development

Efficient causes are the elicitors of behavior change.
These are the stimuli in the environment that trigger or elicit
a change or a response. The efficient causes are identified
in early behavior development because they make the early
components essential for later developmental outcomes.
They are what initiate a developmental change. In early
human development, one of a neonate's greatest strengths
for survival is starting with a full set of useful reflexes.
These involuntary and automatic responses to stimuli
originally have a clear adaptive value, as when infants turn
their heads in the direction of a tactile (touch) stimulus to
the cheek and search for something to suck, or when infants
suck an object placed into their mouths, allowing them to
take in nutrients.  Many of these basic survival reflexes
later disappear or become operant responses. Another
example of an efficient explanation in development are the
teratogens, which involve any environmental agent, drug,
disease that causes harm to the developing fetus by trigger-
ing physical deformities, severe mental retardation, and
retarded growth.

Material causes are the substrates, machinery, or mate-
rial components that can be identified as forming the behav-
ior. Geneticists use the genes and DNA strings as explana-
tions for behavior and development once their location has
been identified. For instance, one important genetic disease
produced by a dominant gene is Huntington's disease, a

condition that causes a gradual deterioration of the nervous
system, leading to a progressive decline in behavioral
abilities and ultimately to death. Another example is Frag-
ile-X-syndrome, a leading cause of mental retardation,
caused by an abnormal gene (genotype) on the X chromo-
some that is more likely to be expressed (phenotype) when
passed from mother to child. Also, many neuroscientists and
psychologists use brain imaging (MRI) and its neurosub-
strates to explain behavior changes. Researchers study
neurotransmitters to discern their role in behavior and
emotion. For example, when imbalances occur in the brain
neurochemicals, this is said to cause depression (changes in
cortisol, dopamine and serotonin levels have been associ-
ated with depressive symptoms). Natural opiates, such as
endorphins, which are released in response to pain and
vigorous exercise (Farrell, Gates, Maksud, & Morgan, 1982)
have been used by researchers to explain all sorts of good
feelings and happy moods, such as the "runner’s high," or
the painkilling effects of acupuncture caused by endorphins.
These are reductionistic explanations of behavior that often
times are inaccessible to the observer; and frequently, these
presumed explanations are either concomitants or outcomes
of another more fundamental process or cause in which a
different, more molar, level of analysis would be required,
in which behavior would be seen as emerging from the
organism contingent upon interactions with the environ-
ment.

Formal causes are models, paradigms, equations or for-
mulas used to explain behavior. In behavioral psychology,
the matching law is an example (Herrnstein, 1970). The
formula states that relative responding matches the relative
reinforcement produced by that responding. The matching
law summarizes organism performances on a variety of
schedules of reinforcement. Often times, in the absence of
material, efficient, and functional causes, the formal causes
are useful. Another example is the schematic model of the
human information processing system (Atkinson & Shiffrin,
1968). The store model explains how information flows
through a series of separate but interrelated sets of process-
ing units, or stores. It attempts to attribute the functions of
memory, retrieval, and problem solving to this schematic
theoretical model. Killeen (2002) presents as examples of
formal causes the traditional associative (conditioning) and
computational models of learning, and he explains how
these models are formulated in the languages of probability
and automata, respectively. In developmental psychology, a
popular model is Bronfenbrenner's (1979) ecological model
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of the environment in which a series of nested structures
(i.e., microsystem, mesosystem, exosysstem) surround the
individual. The developing person is said to be at the center
of, and embedded in, these layers of systems that range
from the individual’s immediate surroundings, to the family,
schools, society and culture. The model has been criticized
because it does not provide a causal explanation of why
children learn and how they process information for prob-
lem solving (it lacks a functional explanation for behavior
change).

Final causes are the functional explanations of behavior
change. What is the purpose of behavior? What is behavior
development supposed to do or ultimately accomplish?
These are questions that developmental psychologists often
address. At least two types of functional causes: proximal
and distal/ultimate causes can be conceived. Reinforcement
is an example of proximal cause, whereas survival of the
fittest, or behavior selected by long-term consequences in
evolution, are seen as maintained by ultimate causation
(also see Schlinger, this volume). Humans behave in ways
to maximize their success and chances of survival. The
study of human development is concerned with the proxi-
mate as well as ultimate causes of behavior. In the second
part of this paper, I identify a taxonomy of the historical and
contemporaneous variables (also called interactants) mostly
in the ontogenetic learning history of individuals dynami-
cally interacting with their environment.

A dynamic systems approach to development empha-
sizes that none of these explanations makes sense in isola-
tion without specification of the other three. Killeen (2002)
has also stated:

Of all behavioral phenomena, conditioning is the one least able to be
comprehended without reference to all four causes: The ability to be
conditioned [both classical and operant] has evolved because of the
advantage it confers in exploiting efficient causal relations (p. 137).

In the dynamic systems approach of Novak and Peldez (in
press), the efficient causes are seen as initial conditions for
behavior development (reflexes into operants) whereas the
final causes are seen as the terminal conditions (e.g., rein-
forcement, evolution). The functional causes are not
considered as alternatives to efficient causes but as com-
plementary, an inseparable functional and dynamic unit.
(For other discussions on efficient vs. final explanations, see
Rachlin, 1992).

Thus, these are all complementary causes: the efficient
(triggers), material (substrates), and final (functional)
causes can be identified in the formal cause of the three-
term contingency model Sd----R----Sr in which: (a) the
efficient causes reside in the controlling/interacting antece-
dent stimuli (e.g., Sd) and on the contextual organismic
variables (e.g., initial boundary conditions like deprivation
and the eliciting/triggering effects of environment); (b) the
material causes reside in the deconstruction of the R into the
substrates of both overt response (e.g., speech activity) and
also the covert-activity such as the neurological; (c) the
functional causes reside in the Sr or controlling conse-
quences (e.g., schedules of contingencies).

Discriminative and Reinforcing Functions of .
Stimuli

Developmentalists who use the operant learning paradigm
(Peldez-Nogueras & Gewirtz, 1997) have been clear in that
a stimulus that functions as discriminative for a particular
response in a given context need not function as an SP for a
different response in the same context for the same response
in a different context or for the same response of a different
person in the same or a different context. An organism’s
responses are functionally related to the controlling stimuli.
No comprehensive empirical account of the causes of
behavior development can be attained if the functional
relations between stimuli, responses, and contextual vari-
ables are not delineated.

Increasing evidence shows that the effectiveness and the
function of a stimulus in controlling an individual's behavior
(by evoking/discriminative and reinforcing functions)
depends upon the contextual interacting variables, includ-
ing the current and historical, organismic/biological and
environmental/ecological variables discussed in this paper.

Linear Causality versus Nonlinear Interactionism

The typical view of causality in mother-child studies, par-
ticularly in controlled laboratory experiments, has been
linear. Linear causality models (e.g., Rapoport, 1968) and
traditional research methods have defined causality in terms
of a linear relationship between antecedent stimuli, behav-
ior, and consequent events. The concept of causality, as
reflected in classical deterministic and mechanistic models,
represents problems for understanding behavior develop-
ment and its dynamic nature. An understanding more
consistent with a dynamic systems model requires an analy-
sis of the interdependence between this three-term contin-
gency and the interrelated contextual variables participating.
This type of analysis presents a major challenge because the
many contextual variables involved can create multiple
patterns of functional relations in the antecedent discrimina-
tive and reinforcing stimuli operating. The existing tradi-
tional methods in basic and applied research ordinarily do
not take these multiple interrelated influences into account.

There has been interest in determining whether the be-
havior of the mother provides the proximal causes of the
behavior of the child (see Gewirtz & Peldez-Nogueras,
1992b for a review of operant learning studies in infancy).
At other times, it has been asked whether the behavior of the
child is a proximal cause of the mother's behavior (Gewirtz
& Boyd, 1977). More recently, it has been shown in re-
search analyzes that the behavior of the mother and the
behavior of the child function not only as concurrent influ-
ences on each other, but also as functions of the contextual
conditions within which these behaviors are embedded (e.g.,
Peldez Nogueras, 1989). The cause of the behavior change
depends on the multiple interacting variables. The goal is to
expand behavior-analytic methods by moving into both
descriptive and functional analyses of the contextual deter-
minants of behavior.
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