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Concepts in Behavioral Development

Henry D. Schlinger

California State University, Northridge

University of California, Los Angeles
B N S P M

This essay attempts to clarify the meanings of some of the
concepts encountered in the field of behavioral develop-
ment (and indeed in psychology in general) such that
their use may lead to a more coherent and consistent
theoretical view. The essay considers meanings of the
concepts of development, behavior, environment, behav-
ioral causation, learning, cognition, brain, and theory
with the goal of reducing any confusion and ambiguity
currently associated with them.

Many concepts in developmental psychology are derived
from a variety of theoretical approaches that, when con-
sidered as a whole, do not offer a unified understanding of
development.  Although several factors are responsible
for this state of affairs, one is surely the lack of serious
investigation into the concepts themselves. In addition to
the concept of development, other concepts (e.g., schema,
attachment, and cognition) are often vague and ill-
defined, thus leading to confusion.  According to
Machado, Lourengo, & Silva (2000), the problem of con-
fusion may be solved by carrying out conceptual investi-
gations and, as they point out, such conceptual investiga-
tions are really grammatical investigations when applied
to so-called weak theories -- "any set of loosely interre-
lated verbal statements about an empirical domain" (p.
23). They explain:

The closer a theory is to the weak end of the spectrum . . . the
greater the need for conceptual investigations of the theory. The
reason for this conclusion is straightforward. Lacking quantitative
concepts and explicit principles and laws, a weak theory requires
the assistance of extraneous factors to regulate the use of its con-
cepts—extraneous in the sense that they are not an explicit part of
the theory. One of the most important of these factors is the pattern
of use in everyday language of the concepts of the theory, what we
might call following Wittgenstein their “conventional grammar.”
In weak theories then, conventional grammar plays the role that
scientific principles and laws play in strong theories. However, this
grammar is seldom analyzed, for we learn to speak and understand
a language and use its concepts appropriately in a bewildering va-
riety of contexts, but not to analyze the language's semantic pat-
tens. This then is the major reason for a conceptual analysis in
weak theories (pp. 23-24).

Behavior analysts interested in development have generally
done a good job of investigating concepts in their own dis-
cipline, including the concepts of development (e.g., Baer &
Rosales-Ruiz, 1998; Bijou & Baer, 1978), environment
(e.g., Baer, 1997), contextualism (e.g., Morris, 1998; Reese,
1991), and the concept of concept itself (e.g., Etzel, 1997).
Behavior analysts have even tackled more traditional con-
cepts such as attachment (e.g., Gewirtz, 1972; Gewirtz &
Peldez-Nogueras, 1991) and social referencing (Gewirtz &
Peldez -Nogueras, 1992). However, these conceptual inves-
tigations are directed mostly at sophisticated behavior ana-
lysts, and few treatments have investigated more than one or
two of these concepts at a time.

The present essay analyzes the grammar of several of
these concepts and, thus, offers a general guide for navigat-
ing through the conceptual landscape of behavioral devel-
opment. Specifically, the essay provides a road map for
thinking about ontogenetic behavioral development, that is,
the systematic changes in environment-behavior interactions
beginning at birth. The specific changes that occur will not
be detailed because that information is available elsewhere.
Rather, the current treatment looks at many of the concepts
students and scholars of behavioral development will en-
counter, beginning with the concept of development itself.
The essay then considers the concepts of behavior, envi-
ronment, causation, learning, cognition, the brain, and, fi-
nally, theory in behavioral development and concludes that
when these concepts are clarified, there may be little distinc-
tion between a science of behavioral development and a sci-
ence of behavior.

The Concept of Development

In general, development refers to change over time. With re-
spect to organisms, however, we can talk about development
over two time periods -- evolutionary time, called phyloge-
netic development, and the lifetime of individuals, called
ontogenetic development. These two periods of develop-
ment imply changes in two different units of study. Phy-
logenetic development (i.e., biological evolution) refers to
changes over evolutionary time in genes beginning ap-
proximately 3.6 billion years ago. The process responsible
for phylogenetic development is natural selection, a process
in which ancestral environments selected phenotypes, that
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is, physical traits including behavior (and hence underly-
ing genotypes). Ontogenetic development refers to
changes over the lifetime of individuals beginning at con-
ception, although practically speaking, behavioral devel-
opment begins at birth. The major process responsible for
ontogenetic development from conception until birth is
the genetically determined biological process termed
maturation, which operates relatively independently of
the environment (e.g., Dworetzky, 1996). Beginning at
birth the processes determining behavioral development
(i.e., behavioral evolution) are maturation and experience,
the latter defined generally as the interaction of behavior
with the environment. The debate over maturational and
experiential contributions to behavioral development is
akin to the issue in psychology of nature and nurture.

Development as Continuous or Discontinuous

Another issue of debate is whether the processes involved
in ontogenetic behavioral development are continuous or
discontinuous, the latter indicated by the practice of divid-
ing development into discrete stages. Theorists such as
Piaget, Freud and Greenspan proposed stage theories to
account for different aspects of development (e.g., cogni-
tive, moral, personality) based on the premise that at least
certain aspects of development are discontinuous. But we
can view ontogenetic development as analogous to phy-
logenetic development. As Grobstein (1988) has written
in answer to the question of when life begins, "Human
life. . . like all other life . . . has been transferred in unbro-
ken successions of generations since its . . . inception mil-
lennia ago -- whenever and however that is assumed to
have occurred” (p. 23). This implies that phylogenetic
development is continuous.

Of course, there have been singular, and often, catas-
trophic events throughout the history of the earth that
have produced major and significant changes in the evolu-
tion of life, the most well known of which may be the
catastrophic event (now almost universally believed by
scientists to have been a 10-kilometer-wide meteorite that
produced the Chicxulub Crater in the Gulf of Mexico and
the Yucatdn Peninsula about 65 million years ago). This
catastrophe was responsible for the fairly quick extinction
of dinosaurs and the rapid rise of mammalian variety. For
ease of studying prehistory and communicating about it,
geologists and pre-historians divide the earth's history into
eras, periods, and epochs (for example, the extinction of
the dinosaurs occurred during the Cretaceous Period of
the Mesozoic era). Although, at least in historical hind-
sight, such divisions may be marked by seemingly punc-
tuated events (e.g., submergences of the continents and
changes both in the earth's surface and in its flora and
fauna), the processes responsible for geological and or-
ganic evolution are viewed as continuous and ongoing.

The same approach may be taken with respect to on-
togenetic development. The development of individuals
from conception until death is also a continuous process,
even though there may occur singular and sometimes
catastrophic events (e.g., teratogenic effects, injury, etc.).

Developmental psychologists (and even biologists) divide
ontogenetic development into stages for ease of study and
communication about changes in individuals, even though
the processes responsible for the changes are continuous.
However, just because some theorists impose stages a pos-
teriori doesn't mean that such stages are inherent properties
of behavioral development itself.

Although other problems with stage theories in devel-
opmental psychology have been noted (Lipsitt, 1981), one
obvious problem is that any relatively universal changes in
children's behavior may be a function of a common genetic
heritage or common experiences. Unfortunately, the con-
cept of stages has most often implied common genetic heri-
tage. Either way, simply describing the change and classify-
ing it according to a stage of development does not contrib-
ute to discovering the ultimate causes (see below) or proc-
esses responsible. One alternative to a strict stage theory is
to borrow a page from geologists and divide development
into time periods as long as there are relatively universal
changes that coincide with the approximate beginning and
end of the period. For example, rather than distinguishing
between sensorimotor and preoperational stages based
rather arbitrarily on the presence of some phenomena such
as object permanence and the inference of unobserved
changes in cognitive structures, as Piaget did, it might be
more productive to mark the boundary between the sen-
sorimotor and preoperational periods by the appearance of a
major behavioral milestone such as verbal behavior. In
general, it might be more profitable to divide human devel-
opment into time periods marked by the appearance of ma-
jor behavioral or biological milestones, such as babbling
(which begins when the larynx descends into the throat at 4-
6 months of age), walking, puberty, etc. This tactic makes it
easier to discuss milestones in an otherwise complex devel-
opmental process without the logical pitfalls of strict stage
theories.

Extending our generic operating definition of develop-
ment as change over time, we can say that behavioral devel-
opment, then, refers to changes in interactions between en-
vironment and behavior over time. According to Lerner
(1986, cited in Berndt, 1992), however, the changes are sys-
tematic rather than haphazard and successive rather than in-
dependent of earlier conditions, both suggesting an orderly
and continuous process. This view of behavioral develop-
ment is implicit in Bijou and Baer's (1978) definition of
(behavioral) development as "progressive changes" in envi-
ronment-behavior relationships, with the term progressive
meaning only building on an existing foundation of relation-
ships. Now let us turn to each of the components in this
equation — behavior and environment - realizing that al-
though we may discuss them separately, they cannot be
separated in practice.

The Concept of Behavior

Behavior is but one, albeit very important, function of the
physical structure of individual organisms. It is literally the
action of muscles and glands caused most immediately by
the coordinated effort of various structures in the central
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nervous system. For behavioral scientists, however, be-
havior must be defined in terms of its function as any ac-
tivity of the organism that changes in an orderly way with
certain variables, whether the orderly relationships can be
demonstrated or not (Palmer, in press). When scientists
study the function of behavior, their first task, as in other
natural sciences, is to discover basic units of functional
analysis. They do this, as Darwin did concerning the
various life forms he encountered on his travels aboard
the H. M. S. Beagle by asking about function.

In the past 100 years or so, behavioral scientists, be-
ginning with Pavlov, Thorndike, and Skinner, have dis-
covered functional units of behavior called operants, re-
spondents, and discriminated operants. Just as the dis-
covery of the cell as a basic unit in biology integrated the
disciplines of anatomy, embryology, botany, and zoology
(Zeiler, 1986), the discovery of basic units of behavior
can integrate the various sub-topics in psychology (e.g.,
developmental, social, personality, etc.) by bringing or-
der, clarity, and unity to those topics (Schlinger, 1992).
The discovery of functional units of behavior also shifts
the emphasis away from structural analyses in favor of
functional analyses that can potentially explain structural
features of behavior (Branch, 1977).

One advantage of discovering functional units of
analysis is that scientists don't become ensnared in the
structuralist trap. In other words, rather than trying to
discern the meaning of behaviors that appear structurally
different from one another, scientists can potentially un-
derstand them according to common underlying func-
tions. For example, the Piagetian concepts of assimilation
and egocentrism and the linguistic concepts of overexten-
sion and overregularization all imply different kinds of
phenomena and are often explained in terms of different
underlying cognitive structures and processes. However,
most of the behaviors representative of these formal cate-
gories can be understood as instances of the broader con-
cept of stimulus generalization. Although describing be-
haviors in terms of assimilation, egocentrism, overexten-
sion, and overregularization is not totally without merit, it
may tend to obscure the functional similarities among
them, that is, that they are each instances of behavior
evoked by stimuli similar to those involved in the original
contingencies of reinforcement. A functional analysis is,
thus, more likely to lead to a different classification sys-
tem and, hence, a more unified scientific understanding.

One implication of the discovery of functional units of
behavior is that behavior cannot be considered in isola-
tion. Behavior does not occur in a vacuum, but rather in
specific relationships with environmental events embed-
ded generally in a (historical and contemporary) context
rich in both internal and external stimulus events (Morris,
1988).

The Concept of Environment
In addition to thinking about the environment in macro-

structural terms, such as society or family, a functional
approach to behavioral development allows us to analyze

the environment in more micro-functional terms. Our work-
ing definition of behavioral development as progressive
changes (i.e., those built on one another) in environment-
behavior relationships and the discovery of basic units of
behavioral analysis lead inexorably to the conclusion that
functional units of behavior include environment as an equal
partner. Because environment can be defined as all of the
energy changes (i.e., stimuli) that affect (or are functionally
related to) behavior at a given moment (Schlinger, 1992),
we are also able to address objectively the persistent prob-
lem of the role of internal events in behavior. In addition to
energy changes outside the body, called exteroceptive stim-
uli, there are also energy changes inside the body, called in-
teroceptive stimuli, both of which affect specialized neurons
called sensory receptors. Because of their location, intero-
ceptive stimuli do not become as differentiated as extero-
ceptive stimuli, meaning they do not participate very accu-
rately in discriminated relationships. For example, it is
much easier to teach a child to call red things "red" and blue
things "blue" than it is to teach a child to call internal stimu-
lation "happy" or "sad." However, interoceptive stimuli
(e.g., a toothache) can be effective establishing operations.

Nevertheless, if our concept of environment is all of the
stimuli that affect (are functionally related to) behavior at a
given moment, then we must conclude that the environment
is not just located outside the skin, but inside the skin as
well. Practically speaking, there is an obvious problem in
studying the relationship between internal events and behav-
ior -- namely, internal events are difficult to observe. For
example, how does one study the relationship between the
stimulation of a toothache and a child's response "my tooth
hurts"? Because internal events are assumed to be physical
events (i.e., stimuli and responses), they are potentially ob-
servable. However, this potential must await improvements
in a technology capable of making the observations.
Palmer (in press) explains, "Whether a particular response
can be observed is not a property of the response itself;
rather, it depends upon the vantage point, the faculties, and
the tools of the observer."

We need not wait before we can achieve some scientific
understanding of relationships involving internal events as
either stimuli or responses. Until there is some way to ob-
jectively measure and alter internal events, behavioral scien-
tists can understand them through extrapolation and inter-
pretation (Palmer, 1991). In other words, internal events are
assumed to function the same way external events have been
observed to function. The basic units of analysis discovered
with directly observable events are assumed to operate gen-
erally and universally. Having conceptualized environment
in a more objective and functional manner, the next step is
to think about how the environment participates in cause
and effect relationships with behavior.

The Concept of Behavioral Causation

We can better understand behavioral causation now that we
have our working definition of behavioral development as
systematic, or progressive changes in environment-behavior
relationships and our depiction of functional units of behav-
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ior as generic stimulus-response (environment-behavior)
units (Skinner, 1935). By understanding behavioral
causation, 1 mean understanding what independent
variables systematic changes in behavior are related to.

In the field of behavioral development (see also
Peldez, this issue), just as in the broader field of psychol-
ogy, behavior is said to be caused by an interaction be-
tween nature and nurture, or inheritance and experience.
Because genes do not directly cause behavior, we must be
careful when we ascribe any trait to genes; we inherit
genotype, not phenotype. And because phenotype is al-
ways expressed in an environment, it is the consequence
of an interaction. Genes code for proteins which make up
the structure of our bodies, including the nervous system,
muscles, bones, etc. One of the many functions of the
nervous system is behavior. But perhaps even more so
than other functions, behavior only comes about after sig-
nificant contributions from interaction with the environ-
ment.

In addition to genes, many other types of causes are
implicated in behavior. For example, it is not uncommon
to hear that the brain causes some behavior, as for exam-
ple, when low serotonin level (i.e., chemical imbalances)
is said to cause depression. Cognitive events (e.g.,
thoughts, ideas, expectations) are also said to cause be-
havior, as are immediate environmental precursors to be-
havior, such as seeing a red traffic light causing one to put
her foot on the brake. And, of course, consequences (i.e.,
reinforcement and punishment) are said to cause behavior.
Using the term cause in all these instances obscures any
differences between the respective events said to cause
behavior and, thus, clouds the concept of causation.

Proximate and Ultimate Causation

Perhaps a more productive way to understand behavioral
causation is in terms of proximate and ultimate causal
events. In discussing causation in biology, the biologist
Ernst Mayr (1997), writes that

Every phenomena or process in living organisms is the result of
two separate causations, usually referred to as proximate (func-
tional) causations and ultimate (evolutionary) causations. All the
activities or processes involving instructions from a program are
proximate causations. This means particularly the causation of
physiological developmental, and behavioral processes that are
controlled by genetic and somatic programs. They are answers to
"How?" questions. Ultimate or evolutionary causations are those
that lead to the origin of new genetic programs or to the modifica-
tion of existing ones -- in other words, all causes leading to the
changes that occur during the process of evolution. They are the
past events or processes that changed the genotype. They cannot
be investigated by the methods of chemistry or physics but must be
reconstructed by historical inferences -- by the testing of historical
narratives. They are usually the answer to "Why?" questions. (p.
67)

Alessi (1992) was the first behavioral scientist I am aware
of who introduced the concepts of proximate and ultimate

causation to psychology and behavior analysis, a move fol-
lowed by a few others (e.g., Schlinger & Poling, 1998).
These authors modified Mayr's concepts to be more com-
patible with psychology and behavioral causation. Thus,
with respect to behavioral development, proximate causa-
tion answers "How?" questions, such as "How did that be-
havior come about?" The answer to this question points to
both immediate environmental and neurophysiological
causes. For example, suppose a parent asks a child to
"Please sit down" and the child does. We can say that the
proximate causes of the child's sitting were the parent's re-
quest (most likely a discriminative stimulus - S”) and the
changes in the child's nervous system beginning with the
stimulation of auditory sensory receptors and ending with
the production of muscle movements (the responses - R).
Such causes have also been termed efficient causes (to be
contrasted with final causes, see Rachlin, 1992) in that usu-
ally they immediately precede their effects and point to
mechanisms of action. Proximate or efficient causes also
include so-called cognitive or mental events (e.g., expecta-
tions) said to cause behavior, although there are serious
problems when inferring events that are not observable and
directly testable and whose only existence must be inferred
from other events, such as the behavior they are intended to
explain (Donahoe & Palmer, 1994; Schlinger, 1993, 1998).

With respect to behavioral development, ultimate causes
answer "Why?" questions, such as "Why do the parent's
command and the correlated neurophysical changes evoke
sitting in a child?" The answer to the question of the ulti-
mate causes of behavior points to historical variables just as
the answer to similar questions about the ultimate causes of
organismic traits points to historical variables. In the latter
case, the historical variables lie in the phylogenetic history
of the species, a history of natural selection of genotypic and
phenotypic traits. In the case of behavior, the historical
variables may lie in the phylogenetic history of the species
as, for example, in the ultimate causation of reflexes. But
for most human behavior, the ultimate causes are to be
found in the ontogenetic learning history of individuals, in
particular, a history of operant and respondent conditioning
that select environment-behavior relationships.

As an exercise in thinking about proximate and ultimate
causation of behavioral relationships, we can attempt to un-
derstand infant reflexes in terms of their proximate and ul-
timate causes. Consider the rooting reflex in which a head
turn is elicited by stroking the neonate's cheek. The stroke
of the cheek stimulates sensory receptors in the cheek that
send nerve impulses to a part of the brain that then sends
nerve impulses to the part of the motor cortex (among other
areas) that controls the head turn. This sequence of events
beginning with the stroke on the cheek constitutes the
proximate (or immediate) causes of the reflex. This is how
the reflex occurs. But why does it occur? This question is
answered by speculating about the natural history of homi-
nids. Thus, in the long run, infants with genes for such a
trait might have had a selective advantage over infants with-
out such genes in finding the mother's nipple more easily.
This speculative natural history is why the head turns to the
stroke on the cheek. Once classical conditioning has oc-

Vol. 1, Fall 2002. Behavioral Development Bulletin

4



curred, however, the proximate cause is transferred from
the unconditional stimulus (US) (the stroke on the cheek)
to the conditional stimulus (CS) (e.g., the sight, sound,
touch of the mother) and the ultimate cause is the history
of pairing the CS with the US.

The Concept of Learning

Having defined behavioral development as systematic and
progressive changes in environment-behavior relations
(and by implication in their underlying neurophysical
structures), having identified operant and respondent con-
ditioning as the two major types of experience that pro-
duce changes in behavior and its underlying neurophysi-
ological structures and processes, and having delineated
two sets or levels of causation, we are ready to think
about how operant and respondent conditioning cause be-
havioral development.

We can define learning as relatively permanent
changes in environment-behavior relationships as a func-
tion of certain types of experiences. Although what
counts as relatively permanent is debatable, the experi-
ences refer specifically to the direct processes of classical
and operant conditioning and indirect (analogous) proc-
esses involved in social learning and learning by rules
(see Alessi, 1992; Blakely & Schlinger, 1987; Schlinger
and Blakely, 1994).

The kinds of experiences that produce learning do not
really operate until birth (c.f. DeCasper & Fifer, 1980;
DeCasper & Prescott, 1984; DeCasper & Sigafoos, 1983).
At that time, the neonate's behavior begins to interact with
the rich and complex exteroceptive environment outside
the mother's womb. In order to think about these learning
experiences more functionally, we can classify them as
function-altering or relation-altering operations (see
Schlinger & Blakely, 1987; Schlinger & Blakely, 1994).

Relation-Altering Operations

Most recent research shows that classical and operant
conditioning occur when there is a contingency between
the relevant elements of each process, meaning one ele-
ment is more likely to occur in the presence of another
element than in its absence. In classical conditioning, the
contingency is between a CS and US; and in operant con-
ditioning, the contingency is between a response and con-
sequence in a particular context given a relevant establish-
ing operation (EO). Blakely and I (Schlinger & Blakely,
1987; Schlinger & Blakely, 1994) have made the case
that, all things being equal, the effect of these respective
contingencies is to alter (or transfer) the behavioral func-
tions of stimuli and, thus, relationships involving those
stimuli. In the case of classical conditioning, a contin-
gency between an initially neutral CS and a US endows
the CS with US-like functions, thus, establishing an
evocative (conditioned reflexive) relationship between the
CS and CR (conditional response). One could say that
conditioning transfers the evocative function of the US to
the CS. Conversely, classical extinction -- uncorrelating

the CS and US -- weakens the evocative function of the CS
over the CR. In both cases, it is the relationship between the
CS and CR which is altered.

In operant conditioning, a contingency between an oper-
ant and a consequence alters the function of both the EO in
effect and stimuli present during conditioning, especially
those most correlated with the response-consequence con-
tingency, called discriminative stimuli (SPs). In particular,
reinforcement increases the probability that the EO and S
will evoke the relevant operant class. Conversely, operant
extinction reverses the evocative functions of the EO and
SD over the operant class. In general, the function of classi-
cal and operant contingencies is not to condition stimuli or
behavior but to change the probabilities of environment-
behavior relationships by altering the behavioral functions
of antecedent environmental events. Moreover, these rela-
tionships always involve generalized classes of stimuli and
responses such that any procedures will affect most if not all
members of the stimulus or response class (called generali-
zation), unless differential reinforcement procedures are
used to narrow the classes (called discrimination).

Stimulus events can be classified as evocative or rela-
tion-altering (Schlinger & Blakely, 1994). Evocative opera-
tions are proximate causes and relation-altering operations
are ultimate causes. We can thus say that USs, CSs, EOs,
and SDs function as proximate causes of their respective re-
sponses, in the sense that they evoke them; this is how the
responses occur. But the ultimate causes of these evocative
relationships lie in past environments -- in the case of US--
>UR and UEO--->R relationships, in the evolutionary his-
tory of the species, and in the case of CS--->CR, SP_..>R,
and CEO--->R relationships, in the learning history of each
individual. For example, classical conditioning is the ulti-
mate cause of the ability of a CS to evoke a CR: It answers
the (ultimate) question of why the CS evokes the CR.
Likewise, operant conditioning is the ultimate cause of the
ability of both the EO and SD to evoke that is to have stimu-
lus control over the operant class: It answers the (ultimate)
question of why the EO and SD evoke the operant.

In addition to classical and operant processes, there are
several other relationships involving operations whose net
effect is to alter or transfer the behavioral functions of stim-
uli. For example, the correlation of an otherwise neutral op-
eration with an already reinforcing one alters the function of
the neutral operation such that it now functions as a condi-
tioned reinforcer; in other words, the reinforcing function of
one event is transferred to another event. In conditional dis-
crimination procedures, including matching-to-sample (of-
ten used in establishing equivalence relations), the evocative
function of one stimulus is altered such that it is conditional
on the presence of another stimulus. Even in imprinting, the
evocative function of an initially neutral stimulus (usually a
relatively large moving object) is altered by simply present-
ing it within a critical period shortly after birth or hatching.
In sum, relation-altering operations are responsible for the
ontogenetic contribution to behavioral development.

The Concept of Cognition
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Much of psychology and an increasing segment of neuro-
science can be described as cognitively oriented. A cog-
nitive orientation is evidenced in a few ways. One way is
that researchers describe their research using traditional
cognitive terms such as mind, memory, attention, and rec-
‘ognition as summary terms for complex environment-
behavior relationships. A more common way that a cog-
nitive orientation can be evidenced is that researchers de-
fine their subject matter as the study of cognitive struc-
tures and processes with the understanding that such
structures and processes cannot be directly observed. In
such cases, researchers must observe and measure the ef-
fects of environmental manipulations on behavior or on
the nervous system (see below) and then either assume
that the observations reflect cognitive processes or infer
such processes as the causes of the behavior (Morris,
Higgins, & Bickel, 1982). Donahoe and Palmer (1994)
refer to this latter strategy as the inferred-process ap-
proach. In essence, cognitive processes must always be
inferred from some other datum, such as behavior or neu-
ral activity, although inferring cognitive processes from
the neural activity in the absence of behavior probably
never occurs. These necessary inferences lead inevitably
to the invention of metaphors or formal models in an at-
tempt to understand the nature of the cognitive processes.
Although the pitfalls of this approach have been noted of-
ten (e.g., Palmer & Donahoe, 1992; Schlinger, 1993;
Skinner, 1974) the growing tide of cognitive theorizing
continues.

Recently, cognitive theorizing has received a boost
from neuroimaging studies because such methods seem to
identify the neural correlates of cognitive processes. Al-
though several methodological problems with such proce-
dures have been noted, their basic rationale -- to locate the
neurological substrates of cognitive events -- is not well
supported. Whether it is recalling words, recognizing
faces, or doing arithmetic problems, what is being imaged
are the neural substrates of environment-behavior rela-
tionships, the ultimate causes of which are either already
in the individual's learning history or are established in
the neuroimaging experiments themselves. At best, such
studies identify a subset of proximate causes of behavior.
Although neuroimaging studies may not provide support
for the existence of cognitive processes, they do remind
us that the brain is the location for a subset of proximate
behavioral causes.

The Concept of Brain

The learning processes described above are measured by
their effects on environment-behavior relationships. In a
manner analogous to natural selection, which operates di-
rectly on phenotypes and indirectly on genotypes, rela-
tion-altering processes operate directly on behavior (phe-
notype) and indirectly on neurophysiological structures
(analogous to genotype) and processes in the brain.
According to Mayr (1997), "Ultimate or evolutionary cau-
sations are those that lead to the origin of new genetic
programs or to the modification of existing ones" (p. 67).

In behavioral development, ultimate or behavioral causa-
tions are those that lead to the origin of new neural pro-
grams or the modification of existing ones. In this way, just
as genes can be seen as proximate causes of the proteins
they create, neural structures are proximate causes of the
behaviors they create. Each answers the question of how
things come about.

Repeatable functional relationships between environ-
mental events and behavior can be discovered without
knowledge of the brain's functions (Skinner, 1938). Skinner
always maintained, however, that knowledge of underlying
neurophysiological processes would help to complete the
story of behavioral causation. In light of our distinction be-
tween proximate and ultimate causes, we can say that
knowledge of underlying neurophysiological processes can
aid scientists in answering how (neurophysiologically) be-
havior comes about but not why it comes about. It is, thus, a
mistake to speak of the brain, as is often the case, as the (ul-
timate) cause of behavior. The structure of the brain, like
the structure of behavior, is the combined result of the inter-
action between maturational and experiential processes, or,
if you will, nature and nurture.

The Concept of Theory

The science of behavioral development is in large part a his-
torical science. According to Diamond (1997), historical
sciences (e.g., evolutionary biology, astronomy, ecology,
geology, etc.) are "plagued by the impossibility of perform-
ing replicated, controlled experimental interventions" be-
cause of the "enormous number of variables, the resulting
uniqueness of each system, the consequent impossibility of
formulating universal laws, and the difficulties of predicting
emergent properties and future behavior" (p. 424).

Some of these problems also plague a science of behav-
ioral development. But because it deals with lives in pro-
gress, a science of behavioral development is perhaps
unique among the historical sciences in that it is also an ex-
perimental science. As a result, it is possible to perform
replicated, controlled experiments and to formulate general
principles. While there is an enormous number of variables
contributing to behavioral development, and while it is true
that each individual is unique in some ways, our shared evo-
lutionary and environmental histories endow us with enough
similarities to enable scientists to discover general principles
governing them. These general principles become the bed-
rock of a particular theory of development. 1 have ad-
dressed the issue of theory in behavioral development at
some length (Schlinger, 1992; 1995), and I refer the reader
to those sources. For the present purposes, however, suffice
it to say that a theory of behavioral development must be
able to explain and not just describe systematic changes in
environment-behavior relationships. Explanations of behav-
joral development will inevitably point to both proximate
and ultimate causal factors, whether in the phylogenetic or
ontogenetic histories of individuals. Interestingly, such ex-
planations may also serve to blur any distinction between a
science of behavior and a science of behavioral develop-
ment.
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The purpose of this essay was a conceptual, not a
theoretical, investigation. That is why no particular the-
ory of behavioral development was proffered, although a
behavior-analytic theory was strongly implied. Concep-
tual investigations, although closely related to theoretical
investigations, should not be confused with them.
Machado et al. (2000) explain:

On the one hand, conceptual investigations are always relative to a
particular theory. They target a theory as factual investigations tar-
get empirical problems. Hence, in the same sense that factual in-
vestigations cannot be carried out in the absence of an empirical
problem, conceptual investigations cannot be carried out in the ab-
sence of a theory. On the other hand, precisely because conceptual
investigations target theories as objects of analysis, they should not
be confused with them. A theoretical investigation has as its object
an empirical domain and, broadly speaking, the theoretician aims
at developing a set of principles that will permit anyone acquainted
with them to reconstruct the relevant empirical relations, under-
stand these relations, summarize them in economical ways, and
perhaps even discover new ones; in turn, a conceptual investigation
has as its object the result of the theoretician's work, in particular
the core concepts of the theory, their meanings, and their gram-
mars. . . (pp. 22-23).

The present essay has attempted to do this with respect to
some of the general concepts of a behavior-analytic the-
ory of development.
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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

Vol. 1, Fall 2002. Behavioral Development Bulletin



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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