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Explanation Is Not Description

Hayne W. Reese
West Virginia University

The point of this article is indicated by the title: Expla-
nation and description are different activities. For ex-
ample, although both are essential features of natural
science, their roles are different, they have different pur-
poses, and they are evaluated on different grounds.
Consequently the ways in which they can be problemat-
ic are different. The arguments leading to these conclu-
sions and examples of problematic explanations are giv-
en in this article.

Distinctions Between Description and
Explanation

Novak (1996) said, "Description means 'to de-
lineate' or 'give an account of" (p. 21) and explana-
tion means "to make clear a cause or reason" (p.
22). The reference to reasons as well as causes in
the definition of explanation is consistent with an-
cient and modern usages. Aristotle used the
Greek word aitia when he discussed causes; this
word refers to cause in the legalistic sense of
"guilty of" or "responsible for" (translator's note in
Aristotle, 1929, pp. 126-127) rather than the mod-
ern scientific sense of "unmediated producer of."
For example, if a person is shot and dies, the un-
mediated cause of death might be systemic shock,
and one reason for this cause might be loss of
blood, and one reason for the loss of blood might
be a bullet wound, and one reason for the bullet
wound might be someone's shooting a gun toward
the victim, and one reason for this shooting might
be "malice aforethought." In other words, an Aris-
totelian type of explanation can include reasons as
well as unmediated causes.

Adults and children as young as 5 years old,
but not 3 years old, invoke causes and reasons in
explanations, but they tend to invoke them in dif-
ferent domains--respectively, physical and social
domains (Kalish, 1998). Day (1976/1992, p. 122),
however, seems to have implicitly acknowledged
reasons as well as causes in explanations within
the physical domain; he argued that reinforcement
history is a causal variable and that "Relations of
behavior to the present antecedent environment
are of a controlling, not a causal kind." If I under-
stand his distinction, it means that controlling
variables are reasons for rather than causes of occur-
rences of the behavior.
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Aristotle pointed out that explanation requires
theory because experience teaches only that or how
and theory reveals why (Metaphysics, Bk. 1, chap. 1
[981a 13 - 981b 9]). For example, he said: "It is the
physician's business to know that circular wounds
heal more slowly, the geometer's to know the rea-
son why" (Posterior Analytics, Bk. 1, chap. 13 [79a
14-16]; quoted from Aristotle, 1952, p. 108). He
was illustrating the difference between what he
called (a) "natural philosophers" or "empirical ob-
servers," who deal with "facts," and (b) "scientists,"
who deal with "reasoned facts" or explanations
(op. cit. [respectively 79a 12, 3; 78b 32]; 1952, p.
108). Toulmin (1953, pp. 44-56) made the same dis-
tinction, which he called "descriptive science" ver-
sus "explanatory science."

Natural history is a descriptive science and nat-
ural science is an explanatory science. Behavior
analysis is a natural science, differing from others
in subject-matter, not in aims. The aims of both
natural history and natural science include identi-
fying and describing regularities, but like all de-
scriptive sciences, natural history stops at descrip-
tion and therefore it is "mere bug-hunting," as
Toulmin said (1953, p. 54). The aims of natural sci-
ence go beyond description to explanation of the
regularities (e.g., Bergmann, 1957, p. 79; James,
1907/1981, pp. 30- 32; Marx, 1951, pp. 5, 6; Pepper,
1966, pp. 265-266; Skinner, 1931, 1953, pp. 13,
15-16; Spiker, 1986; Toulmin, 1953, pp. 44-56). To
paraphrase Kant's famous aphorism, explanations
without facts (descriptions) are empty, and facts
without explanations are blind (Kant's aphorism
can be found near the beginning of the Transcen-
dental Logic, Kant, 1787 /1965, p. 93).

According to this distinction, explanation is
different from description: "Description tells us
what is there, explanation why it is there" and "Sci-
ence explains by laws what the scientist first de-
scribes by individual fact" (Bergmann, 1957, p. 79).
This is the received opinion, advocated by, for ex-
ample, mechanists such as Bergmann (1957, pp.
75-83) and Toulmin (1953, pp. 44-56) and
contextualists such as James (1907/1981, p. 82) and
Pepper (1966, pp. 264-265). The distinction seems
to be inconsistent with an alternative opinion, that
explanation is the same as description, which is
advocated by radical empiricists such as Ernst
Mach (1914, pp. 337-338), Kantor (1953, p. 34), and
Skinner (1931). For example, Kantor (ibid.) said
that explanations generally "constitute elaborate
descriptions" and Skinner (1931, p. 446) said that
description and explanation are "essentially identi-
cal activities" and that "the full description of an
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event is taken to include a description of its func-
tional relationship with antecedent events." How-
ever, these elaborate or full descriptions are what
others call explanations and therefore the distinc-
tion is preserved. To be really elaborate or full, a
description must refer to more than the outcome
of a specific experimental analysis, and therefore it
becomes explanatory. It becomes explanatory be-
cause it goes beyond the question answered by
description--"What happens?"--to the question an-
swered by explanation--"Why does it happen?"
(Bergmann, 1957, p. 79).

A final point in this section is that explana-
tions are theory-based and therefore are "construc-
tions," but descriptions are also constructions
(Kantor, 1953, p. 34). Theory influences descrip-
tion (Skinner, 1953, chap. 1, e.g., pp. 9-10) because,
as Popper (1966, p. 260) said, "all scientific descrip-
tions of facts are highly selective, [and] they al-
ways depend on theory." Examples of this selec-
tivity in behavior analysis are emphasis on fre-
quency of occurrence rather than force, magni-
tude, and other characteristics of operant behavior
and definition of operants as response classes,
which usually requires ignoring topographical
variations.

Types of Explanation

Kaplan (1964, p. 298) identified two types of
explanation. One is deductive, or syllogistic: A
phenomenon is explained when it is shown to be
deducible from premises. One of the
premises--the one identified in formal logic as the
major premise--is functionally a theory (Reese,
1989). The other type of explanation involves
identification of a pattern or network of facts
(Kaplan, ibid.; Overton, 1991, 1998): A phenome-
non is explained by a persuasive demonstration or
argument that it fits into the network. The net-
work constitutes what Kaplan (ibid.) called a "con-
catenated" theory. The theory in either type of ex-
planation must be at least the inductive kind,
which is a theory in which the constructs are in-
duced or abstracted directly from data (Mar,
1976). This is the kind of theory behavior analysts
find acceptable because it refers to a level not
much different from the level of observation. Ex-
amples of theoretical concepts in this kind of theo-
ry include "private event," "response class," "oper-
ant," and "relational frame." Higher-level theories
include concepts further removed from the level of
observation; examples are "drive," "cognitive pro-
cess," "intelligence," and "heritability."
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Deductive explanations are ideal for
hypothetico-deductive theories, which are usually
associated with the mechanistic world view. Pat-
tern explanations and concatenated theories are
usually associated either with the organic world
view, as in Piaget's brand of cognitivism (e.g.,
Piaget, 1983; Piaget & Inhelder, 1966/1969), or
with the contextualistic world view, as in Kantor's
interbehaviorism (e.g., Kantor & Smith, 1975) and
in behavior analysis (e.g., Hayes, Hayes, & Reese,
1988; Morris, 1988). The type of explanation ad-
mired by most behavior analysts refers to empiri-
cally demonstrated "functional relations" rather
than intervening variables or inferred causes (Bi-
jou, 1979; Day, 1976/1992; Delprato, 1986; Marx,
1951; Moore, 1990; Skinner, 1931), but these expla-
nations are still based on theory. The theory is
usually concatenated and the explanations are
usually the pattern type, consistently with Moore's
(1990) argument that in behavior analysis, an ex-
planation is a verbal behavior, not an exercise in
logic.

In practice, pattern explanations very often in-
clude elements of deductive explanation in the
form of sets of statements that look like syllo-
gisms, often beginning with an "If-then" statement.
Syllogisms have a legitimate ancillary role in a pat-
tern explanation when they are used to exclude
something from the pattern. For example: "If be-
havior X is mediated by behavior Y, then X will
not occur if Y is prevented. X occurred even
though Y was prevented; therefore, X is not medi-
ated by Y." This is the valid argument of denying
the consequent, or modus_tollens. However, a more
common use seems to be to show that something
fits the pattern. For example: "If behavior X is
mediated by behavior Y, then X will not occur if Y
is prevented. X did not occur when Y was pre-
vented; therefore, X is mediated by Y." This is an
invalid argument, involving the logical fallacy of
affirming the consequent, but it is valid if it is in-
terpreted as inductive reasoning rather than as de-
ductive reasoning.

Problematic Explanations

Reductionism. The word "reductionism" usu-
ally connotes reduction of one domain to another
domain--in psychology, reduction of behavior to
physiological processes, of these to chemical pro-
cesses, and of these to molecular structures (e.g.,
Teyler, 1975, pp. 5-6). These kinds of reduction
have never been accomplished except in small
parts of a few domains (e.g., Bergmann, 1957, p.
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168; Reese, 1996); but in any case this kind of re-
ductionism is typically rejected in behavior analy-
sis (Bijou, 1979; Reese, 1982; Skinner, 1950). Expla-
nation in behavior analysis is nevertheless reduc-
tive (Skinner, 1953, chap. 3) in the sense of reduc-
tion of a whole--a behavioral phenomenon--to its
parts and their interrelations. If this reduction is
accomplished by an experimental analysis, it is in-
terpretable as an explanation of the behavioral
phenomenon. If itis accomplished by a conceptu-
al analysis, it is a tentative explanation, that is, an
hypothesis.

Behavior analysts typically distrust explana-
tions that refer to a level other than the observa-
tional level, and although many of them seem to
believe that this distrust has a philosophical basis,
none is provided by radical behaviorism or any
other version of contextualism. However, the dis-
trust does have an empirical basis: Past experi-
ence has shown that when the distrusted type of
explanation is used, it may not advance the predic-
tion and control of behavior. However, I think the
failures have been attempts to reduce behavior to
physiology, chemistry, or physics rather than to
inferred behavioral entities such as private events,
response classes, or relational frames, which are
not at the observational level but are still in the be-
havioral domain.

Reductions to higher-level concepts will not
necessarily fail. As William James (1907/1981)
pointed out, theories are ideas and therefore they
are not the answers, they are the instruments; they
"become true just in so far as they help us to get into
satisfactory relation with other parts of our experience,
to summarize them and get about them by concep-
tual short-cuts instead of following the intermina-
ble succession of particular phenomena. . . . Any
idea that will carry us prosperously from any one
part of our experience to any other part, linking
things satisfactorily, working securely, simplify-
ing, saving labor is true for just so much" (p. 30;
his italics; punctuation modified).

For example, Barnes and Roche (1997)
pointed out that every individual has a unique be-
havioral history and therefore the explanation of
each individual's behavior is unique. However,
each of these explanations fits the pattern type,
and the unique networks of facts overlap because
all of them contain certain universal principles
about stimulus functions, response functions,
stimulus-response relations, and so on. Also,
some universals will be found even in the net-
works of individuals of different species, such as
pigeons and rats in research on the effects of
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changeover delays on matching (as can be seen in
a brief review by Shahan & Lattal, 1998). If these
overlaps did not occur, every explanation would
be a truly unique description and behavior analysis
would be a bug-hunting natural history rather
than a natural science.

Limited scope. Many explanations in psy-
chology are like one-pony circuses--small and
with only one focus of attention. Theorizing starts
with a felt need to explain a particular set of facts,
but if the theory explains only these facts and has
no other implications, it is a one-pony circus. An
example is the innate "language-acquisition de-
vice" that Chomsky postulated to explain known
and suspected facts about language development
(1965, pp. 30-37, 1986, p. 3). This device seems to
have no implications beyond the facts it was in-
tended to explain, but one of these
implications--that language development has an
innate basis--has forestalled mainstream linguistic
research on environmental mechanisms, which
other research (e.g., Moerk, 1989, 1996) has shown
are important in language development.

By analogy to Chomsky's
language-acquisition device, the capacity for oper-
ant conditioning, which Skinner (1974, chap. 3)
speculated evolved through natural selection,
could be called an innate "operant-conditioning
device." It is a one-pony circus because it explains
why operant conditioning is possible and it has
no implications beyond the facts of operant condi-
tioning. In fact, its only implications seem to be
that the conditions under which operant condi-
tioning occurs may be species specific but in any
case are innately given and therefore the laws of
operant conditioning are attributable to natural
selection and are otherwise unexplainable. These
implications seem not to have forestalled experi-
mental and conceptual attempts to explain the
laws, such as attempts to explain the reinforcing
function (e.g., Catania, 1992, pp. 192-194), stimu-
lus equivalence (e.g., Hayes, 1994), and the match-
ing law (e.g., Shahan & Lattal, 1998).

Excessive speculation. The sexes tend to seg-
regate during childhood, and Maccoby and Jacklin
(1987) briefly discussed an unpublished
sociobiological explanation that was suggested in
a discussion group at Stanford University. The ex-
planation was that incest generally does not pro-
mote adaptation, and therefore a genetic basis for
avoiding incest might have emerged during evolu-
tion. This effect could be produced by a mecha-
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nism that suppresses sexual attraction to members
of the opposite sex with whom one interacted
closely as a child, but the mechanism would also
have an undesirable effect unless it or an associat-
ed mechanism induced children not to interact
closely with members of the opposite sex who at
maturity would be biologically appropriate sex
partners. Any mechanism that had the latter effect
would tend to segregate the sexes during child-
hood.

Maccoby and Jacklin questioned this
sociobiological explanation on the ground that the
outcomes of the hypothetical mechanism(s) ap-
pear not to be universal among human cultures.
However, the part about suppression of sexual at-
traction to persons who were childhood intimates
is supported by the fact that biologically unrelated
age-peer Israelis raised in the same kibbutz sel-
dom intermarry (e.g., Bettelheim, 1969, pp.
237-238) even though they are appropriate sex
partners from a biological standpoint. Thus, the
social intimacy that is characteristic of the kibbutz
makes biologically eligible sex partners psycholog-
ically ineligible. Nevertheless, this outcome does
not support the hypothetical mechanism noted
above because this mechanism implies that the
sexes segregate during childhood, yet the children
in the kibbutz do not segregate by sex. Because
the hypothetical mechanism does not have all the
effects it should have, the psychological ineligibili-
ty of same-age kibbutzniks can be attributed to so-
cialization (Bettelheim, ibid.) at least as plausibly
as to the hypothetical mechanism. (I am indebted
to Jacob L. Gewirtz for directing me to the
Bettelheim reference in a personal communication,
February 8, 1994.)

A further consideration is that if evolution had
given the incest taboo a biological basis in hu-
mans, the incest taboo would presumably not
need to be stated. In fact, if the incest taboo had a
biological basis in humans, human incest would
presumably not be as prevalent as it is. More like-
ly, then, the incest taboo has a social rather than
biological basis. This explanation also explains
why certain male homosexual relations, which
were institutionalized in some New Guinea tribes,
were subject to incest taboos that forbade relations
between males who were close kin (Williams,
1936, pp. 158, 204, 309).

Conclusion

A description is right or wrong depending on
whether it is or is not an accurate description of
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the phenomenon purportedly described, regard-
less of how "accuracy" is assessed. In contrast, the
criteria determining whether an explanation is
right or wrong depend on the type of explanation
being used. The truth of a deductive type of ex-
planation depends on (a) the truth of the theory
serving as the major premise in the syllogism from
which the to-be-explained phenomenon was de-
duced and (b) the validity of the syllogism. The
truth of a pattern type of explanation depends on
(a) the scope and cohesiveness of the theoretical
network of facts that the to- be-explained phenom-
enon is argued to be consistent with and (b) the
persuasiveness of the argument. This difference,
and others discussed in the article, demonstrate
that description and explanation are different ac-
tivities.
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Causal Analysis in Modern
Developmental Psychobiology:
Important Lessons for Behavior

Analysis

Patricia M. Meinhold
The Summit Centre for Preschool Children
with Autism

Kuo's radical ideas about instinct, evolution, and de-
velopment reveal a set of conceptual arguments and, es-
pecially, recommendations for causal analysis that are
highly compatible with those held by behavior analysts
in the tradition of B.F. Skinner. It is proposed that if be-
havior analysis is to take on a full examination of devel-
opment, we will need a model for ontogeny that
prompts us to uncover the mechanisms by which indi-
viduals come to display characteristics typical of their
species; the mechanisms of the epigenesis of behavior.
Broadly conceived, this is the task of a truly causal de-
velopmental analysis.

When John B. Watson and other early behav-
iorists proposed the foundation for a scientific ac-
count of human and animal activities, they did so
by addressing the most pressing methodological
and philosophical issues of their time: Namely, (a)
reliance on introspection as a primary methodolo-
gy, and (b) the notion that the mind is the source
of adaptive activity and is equipped, through evo-
lution, to direct pre-adapted emotions, thoughts,
and performances (e.g., Guthrie, 1930; Watson,
1930). These early behaviorists spawned a revolu-
tion in American psychology by defining the
methods and the subject matter of our science.
They also challenged the prevailing notion that
virtually every complex adaptive activity could be
tidily attributed to an inborn instinct (Hilgard &
Bower, 1966, pp 75-76).

Kuo's Ideas on the Causes of Develop-
ment

Zing-Yang Kuo was a young contemporary of
Watson's who was sympathetic to the aims of the
early learning theorists in developing an objective,
experimental, and especially "investigative" sci-
ence. However, he felt that the field would not be
relieved of the sticky nature-nuture problem by
simply demonstrating the role of conditioning or
learning in behavioral development. In fact, al-
though he was closely identified with environ-
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mentalism, Kuo was equally critical of the nativist
ethologists and of learning theorists for their ap-
proaches to understanding species specific perfor-
mance (Kuo, 1967; 1970).

An examination of Kuo's radical ideas about
instinct, evolution, and development reveals a set
of conceptual arguments and, especially, recom-
mendations for causal analysis that are highly
compatible with those held by behavior analysts
in the tradition of B.F. Skinner (e.g., Skinner 1966;
1969; 1974; 1975a). Despite this compatibility, his-
torically behavior analysis has not included a
model of individual development and evolution
that incorporates the thinking of Kuo or his intel-
lectual descendants.

My purpose is to review some of that think-
ing, paying particular attention to ideas about
good and poor explanations for behavioral devel-
opment. I will follow a few of my colleagues in
behavior analysis, especially Bryan Midgley and
Ed Morris at the University of Kansas-Lawrence,
in suggesting that the developmental psychobiolo-
gy tradition has generated systems for thinking
about the causes of development that resonate
with the fundamental tenets of behavior analysis
(Midgley & Morris, 1992; Midgley, 1997). If be-
havior analysis is to take on a full examination of
development, we will need such a model for on-
togeny: One that prompts us to uncover the mech-
anisms by which individuals come to display char-
acteristics typical of their species; the mechanisms
of the epigenesis of behavior. Broadly conceived,
this is the task of a truly causal developmental
analysis.

In 1921, when he was still an undergraduate
student, Zing-Yang Kuo published an article titled
"Giving up Instincts in Psychology" and thereafter
stood out as an insightful and challenging partici-
pant in the nature-nurture debate (Kuo, 1921; see
Gottlieb, 1976 for a brief biography of Kuo). In
his last publication, in 1970, he said:

The chief objective of the epigenetic behaviorist is
to seek order out of [such] complex behavioral phenom-
ena in order to formulate laws of behavior without re-
sorting to vitalism either implicitly or explicitly. (Kuo,
1970, p 25)

Kuo was concerned with combating the same
types of non-explanation that bothered Watson,
and later Skinner, particularly concepts that were
substitutes for true causal analysis. It is this core
argument about the nature of adequate explana-
tions for behavior that will be most familiar to be-
havior analysts. For example, Kuo argued that the
more we learned about the causes of behavioral
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development, the less we would rely on mental
concepts and other empty explanations (Kuo,
1970; p. 4): "To call an acquired trend of action an
instinct is simply to confess our ignorance of the
history of its development." (Kuo, 1921, p. 650)

Another aspect of Kuo's arguments about ex-
planation that will sound familiar to behavior ana-
lysts is his preference for those that lead to
investigation--and especially to manipulable vari-
ables (Gottlieb, 1976, p. xiii). Kuo conducted a se-
ries of studies in which he attempted to change
typical developmental outcomes (such as aggres-
sion of cats towards rats) by systematically vary-
ing rearing conditions (Kuo, 1970, p.63-65). His
approach to causal analysis was to vary specific
environmental events in ontogeny in order to look
for related variations in behavioral
development--he attempted to predict and control
the behavioral outcomes of development. Kuo as-
sailed the concept of instinct especially for direct-
ing attention away from this kind of analysis of
causal events occurring during individual devel-
opment:

[Kuo's] attack was based on the insight that the use
of instinct as an exglanatory concept was harmful to a
genuine understanding of behavior because it made the
analysis of development superfluous, and therefore, un-
necessary. (Gottlieb, 1976, p xiii)

In other words, when a response in question is
attributed to instinct, and therefore to the evolu-
tion of the species, questions about the mecha-
nisms by which it arises during an individual's de-
velopment are circumvented. Kuo said that any
explanation for the presence of behavior which ig-
nored the ontogeny of that behavior in the individ-
ual was no explanation at all (Kuo, 1970):

To assume any inborn tendency is to assume an a
priori relation between the organism and stimulating
objects; for every behavior is an interaction between the
organism and its surrounding objects. Such an assump-
tion is no less objectionable than the theory of innate
ideas. (Kuo, 1921, p 650).

For developmental psychobiologists, then, the
appearance of a match between the behavior of the
organism and its environment (in the absence of
so-called relevant experience) demands a causal
analysis of the events responsible for that behavior
appearing in the individual. They refuse to sim-
ply celebrate the actions of a fortuitous genetic
and neural endowment, but instead set out to un-
cover the structural and experiential history of the
organism that precedes the appearance of an
adaptive response. It is useful to note that the
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same argument is made for the development of
the morphology of the organism (through embryo-
genesis).

This is a radical departure from an approach
in which the appearance of an adaptive response
in the absence of obviously relevant experience is
credited to the genetic endowment of the organ-
ism, or as in behavior analysis, to the selection
contingencies for the species that determine that
endowment (Midgley & Morris, in press). For ex-
ample, chicks begin pecking at small objects very
shortly after hatching, obviously having had no
similar experiences inside the egg. The traditional
developmentalist, and behavior analyst, once sat-
isfied that pecking does arise in the absence of
extra-egg environmental input, both attribute the
performance to maturation of the nervous system
and other related morphology, a largely passive
process of growth directed by the genes in which
the stimulating environment plays no important
part.

As far as innate behavior goes, then, in this view
the genes provide an essential controlling or determina-
tive impetus to the development of the nervous system,
including peripheral sense organs and muscles. In a
word, genes are thought to somehow be at the base of
neural maturation, which in turn leads to the manifesta-
tion of innate behavior. (Gottlieb, 1976c., p. 239)

In contrast, Kuo and others adopted the con-
ceptual stance that a full explanation of the devel-
opment of a response requires an analysis of the
local causes of development, including reference
to the morphology and physiology of the organ-
ism as well as current physiological and environ-
mental events (such as hormonal states and elicit-
ing stimuli). Kuo himself is well known for hav-
ing developed techniques for removing the top of
chicken's eggs late in their development in order
to view and record behavioral, neuromuscular,
and stimulative events occurring before hatching.
In the case of pecking, for instance, the head rests
directly on top of the heart late in embryogenesis.
If the chick's head is displaced in such a way that
it does not receive the "typical" rhythmic stimula-
tive experiences from resting on the heart, lunging
and pecking shortly after hatching are affected:

Kuo believed it was useful to regard all behavior as
being acquired during individual development--in this
way, one is forced to come to grips with an analysis of
the anatomico-physiological maturational events, as
well as the environmental contingencies, which deter-
mine behavior. From an ontogenetic viewpoint, all be-
havior has to be "acquired" during development-unless,
that is, one cares to make a case for preformation.
(Gottlieb, 1976, xv.)
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Kuo's studies of prenatal development of
chicks is instructive in another way. Notice that in
this example, the prenatal "experience" that is
thought to play a causal role in the appearance of
pecking is self-stimulative, not dependent on the
extra-egg environment. And that self-stimulaton
is largely a consequence of the structural features
of the organism such as the heart, the way the
head and neck are positioned at this point in de-
velopment, etc. Developmental psychobiologists
have been particularly concerned with the role of
self-produced stimulation in their causal models.
In their formulations, it has been important to dis-
tinguish between behavior that appears to be com-
pletely autogenous from that which has identifi-
able experiential causes, even if some of those
causes are contained within the skin of the organ-
ism and arise as a direct result of organismic struc-
tures (structures which, not incidentally, have
their own analyzable developmental histories).

Other Metatheoretical Conceptions by
Developmental Psychobiologists

Much of this conceptual concern about the
role of self-produced stimulation arose in the field
of experimental embryology--which clearly over-
laps with the study of early behavior and the de-
velopment of the sensory systems. In the late
1800's, science had only recently rejected the idea
that the entire structure of the individual was
present, albeit in a tiny form, in the fertilized egg.
Later studies of the conditions under which the
first movements of embryos arise revealed that in
some cases, movement or sensory function preced-
ed all afferent input (e.g., Oppenheim, 1963; Ham-
burger, 1973, Hubel & Weisel, 1963). In other
words, some movement and sensory function can
be entirely autogenous and not dependent on any
extra-organism stimulation.

For developmental psychobiologists, a full
causal picture of behavioral development would
explain the genesis of both behavior dependent on
endogenous stimulation and behavior that is au-
togenous. The level of biochemical "experience
and context" for migrating neurons, for example,
is part of a causal description of how behavior
develops--although developmental psychobiology
generally leaves questions about the chemical and
structural determinants of early neural prolifera-
tion and migration, for example, to the embryolo-
gists. However, they do take a unique view of the
role of those autogenous responses and sensory

capacities in causing subsequent development.
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When the organisms own spontaneous move-
ments affect subsequent structural and behavioral
development, they become causal experiential
variables:

. . . experience involves sensory or motor function
whether evoked or spontaneous. . . (as well
as evoked) neural activity may play an important role in
neural maturation and belgavioral evelopment.
(Gottlieb, 1976b., p. 27)

If stimulative factors, which operate through
the functioning sensory system can be determi-
nants of structural development, then the typical
“structure causes function" notion of development
is turned around. Now function is seen as caus-
ing structure. In fact, acknowledgement and anal-
ysis of the bidirectional relationship between
structure and function, or structure and behavior
is a hallmark of developmental psychobiology (see
Oyama, 1985 for a discussion of the
structure-function relationship and Midgley &
Morris, 1992 for a review of her book from the
point of view of behavior analysis).

In this way of thinking, everything about the
organism has to be "acquired" or constructed dur-
ing ontogeny--morphology, physiology and be-
havior. Structure and behavior, sensory, and mo-
tor functioning have a bidirectional causal rela-
tionship. When everything about the organism is
seen as being acquired, and when the structure of
the organism is affected by its own developing
functions, it becomes necessary to consider the ac-
quisition of structure and function as probabilistic
and influenced by a sequence of
environment-organism interactions, not as prede-
termined and invariant:

One viewpoint holds that behavioral epigenesis is
predetermined by invariant organic factors of growth
and differentiation (particularly neural maturation), and
the other main viewpoint holds that the sequence and
outcome of prenatal behavior is probabilistically deter-
mined by the critical operation of various endo%enous
an;i) exogenous stimulative factors. (Gottlieb, 1970; p.
11

But what can this kind of reconceptualization
of ontogeny and its determinants do for behavior
analysis? In the long run, this perspective would
allow behavior analysis to adopt a conceptually
consistent view of development--one which high-
lights the "hows" of behavioral development
(Anastasi, 1958); just as the existing system of ex-
planation in behavior analysis focusses on the
"how's" of behavior maintenance and change (e.g.,
Skinner, 1966). In this sense it could set the stage
for a "downward extension" of the existing explan-
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atory concepts in behavior analysis into prenatal
or pre-operant models of influence on the organ-
ism which are necessary for a thorough and sys-
tematic behavior analysis of development.

Admittedly, a full introduction to this perspec-
tive and its relationship to behavior analysis re-
quires a considerably more detailed review and
exposition than I have presented here. An exami-
nation of how behavior analysis and developmen-
tal psychobiology view the reciprocal interaction
between structure and function in the develop-
ment of behavior, for example, would certainly be
in order (this is one topic I'll defer to a subsequent
paper). There are several other steps one might
take or "chapters" one might write about this rela-
tionship (Midgely & Morris, 1998). For example, I
have not introduced the conceptual and empirical
work of researchers and writers who have champi-
oned and extended the psychobiological perspec-
tive (e.g., Lehrman, 1953; Schneirla, 1972; Gottlieb,
1976b, Oyama, 1985; Thelen, 1993), nor the few ex-
amples of behavior analytic work that I view as ex-
plicitly compatible with it (e.g., Schusterman &
Kastak, 1998). I expect that discussions of the rele-
vance of psychobiology and developmental sys-
tems to behavior analysis will continue and will
generate these and many more such "chapters" to
the benefit of behavior analysis.
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Learning and Growth:
Developmental Changes in
Behavior

Anne C. Watson
West Virginia University

Any scientific approach to the understanding of devel-
opmental change must assume that developmental out-
comes are determined by many factors, including: 1)
species-specific, biologically-based perceptual and be-
havioral capacities (prescribed by the morphology of the
species), 2) individual biologically-based perceptual and
behavioral capacities (prescribed by variability in mor-
phology within the species), 3) maturational growth, 4)
a history of interactions with the environment, and 5)
current task demands. However, the assumption of de-
termination does not imply the ability to predict out-
come or patterns of change for any given instance
(Marr, 1996), which suggests significant modifications
to current theoretical, methodological, and statistical
practices in developmental science. In particular, the
utility of an ecological, dynamic systems approach for
exploring change will be proposed as appropriate for
conceptualizing development.

Developmental outcomes can be described as
relatively stable patterns emitted by an individual
when the following components come to be orga-
nized in new ways: 1) species-specific, biological-
ly-based perceptual and behavioral capacities
(prescribed by the morphology of the species), 2)
individual biologically-based perceptual and be-
havioral capacities (prescribed by variability in
morphology within the species), 3) maturational
growth, 4) a history of interactions with the envi-
ronment, and 5) current task demands. Any scien-
tific approach to the understanding of develop-
mental change must assume that developmental
outcomes are determined by these factors. Howev-
er, the assumption of determination does not im-
ply the ability to predict outcome or patterns of
change for any given instance (Marr, 1996), which
suggests significant modifications to current theo-
retical, methodological, and statistical practices in
developmental science. In particular, the utility of
an ecological, dynamic systems approach for ex-
ploring change will be proposed as appropriate
for conceptualizing development. In addition, it
will be argued that this new metatheory provides
an excellent base for integrating behavior analytic
and non-behavior analytic developmental ap-
proaches. An example of such an integration is
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the new textbook, "Developmental Psychology:
Dynamic Systems and Behavior Analysis," written
by Gary Novak (1997). Here, I, a developmental
scientist who was not trained formally in behavior
analysis, would like to further promote such an in-
tegration.

Applying Dynamical Systems
Assumptions

A dynamical analysis involves understanding
a pattern of changes over time in a particular vari-
able that is well-defined and observable (Thelen &
Smith, 1994), and it can be conducted through
multiple methods, including various quantitative
mathematical and statistical procedures (Barton,
1994). Key conceptual features of dynamic sys-
tems theory, however, entail methodological ap-
proaches that are more qualitative in nature
(Haynes, Blaine, & Meyer, 1995), and hence pro-
vide a starting place for thinking in new ways
about investigating behavioral development.
First, the idea that continuous changes in certain
components of a system can lead to sudden state
changes provides us with a mechanism for transi-
tions to novel forms (or stages) (Barton, 1994;
Rosales-Ruiz & Baer, 1996). This suggests the
need for a large number of observations of the sys-
tem just prior to the time of change and a search
for high levels of behavioral variability in the sys-
tem at the time of change (Siegler, 1996).

Second, dynamical systems are seen as self-or-
ganizing in that stable, new structures or patterns
emerge in open systems (ones that exchange ener-
gy) without necessarily being specified by exter-
nal, environmental constraints. An example of
self-organization comes from the footfall pattern,
or gait, of a horse, as increases in the energy being
expended toward forward locomotion, result in
dramatic changes in the form of the locomotion.
These changes are in large part determined by the
anatomical structure of the horse which constrain
possible outcomes (Thelen, 1995). Dynamical sys-
tems therefore involve both stability and flexibili-
ty, and are susceptible to restructuring with small
perturbations in various aspects of the system.
Thus, strategies for examining dynamic systems
should entail a focus on the conditions that invoke
transitions, and the importance of variability at the
local level (i.e., the importance of task demands
and performance) are highlighted (Eckerman,
1993; Kelso, 1995; Siegler, 1996; van Geert, 1994).

This perspective has obvious applicability
across the natural sciences, and has been guiding
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theory and research in biology, physics, and chem-
istry (e.g., see Baskin & Mittenthal, 1992, Gleick,
1987, and Haken, 1983, for reviews). It has also
appealed to a number of developmental psycholo-
gists (e.g., Eckerman, 1993; Fogel, 1990; Fogel &
Thelen, 1991; Smith & Thelen, 1993; Thelen &
Smith, 1994), as well as behavior analysts (see the
Special Issue on Behavior Dynamics, May 1992,
JEAB). Critically, these investigations challenge
some aspects of traditional scientific methods.
While the perspective is deterministic, because of
a focus on the complexity of the interactions of the
causal mechanisms (e.g., non-linear, non-additive
effects, feedback loops), dynamic systems are ex-
tremely sensitive to initial conditions. Even with
attention focused on critical historical values of
target behaviors and causal factors (Heiby, 1995a;
1995b), prediction and control are difficult, and
may be unreasonably stringent criteria for experi-
mental analyses.

Applying a dynamic systems approach means
taking changes in performance over time very seri-
ously, a fact which forms the basis for the sugges-
tion that the theory provides an opportunity for
greatly expanded discourse between developmen-
tal psychology and behavior analysis. Develop-
mental scientists are increasingly focused on the
importance of variability to ontogenetic change,
and the traditional focus on competence, rather
than performance, is being strongly criticized (e.g.,
Sophian, 1997). In fact, variability in behavior is
being stressed as the most critical characteristic of
an immature organism to consider when describ-
ing development (Siegler, 1996). Variability across
organisms and environments is not noise but is the
source of data that yields the best descriptions of
behavior and development over time, and incor-
porates the notions of changes in behavioral prob-
abilities, novelty, and fluency (Sidman, 1960;
Siegler & Crowley, 1991). That is, in addition to
increasing our understanding of the behaviors that
are developing, a focus on changes in performance
is critical to describing the process by which new
behaviors emerge and are maintained.

Variability. Interpreting variability as essen-
tial to development entails a discussion of
selectionist accounts of behavior change (Baum,
1995). Accounts of change that appeal to age or
maturation as an independent variable are prob-
lematic as experience is seen as the "true" causal
mechanism (Bronfenbrenner & Ceci, 1994; Chi &
Ceci, 1987; Cohen & Siegel, 1991; Landau &
Gleitman, 1985; Rogoff, 1990). Critical, however,
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to a perspective that emphasizes experience or his-
tory is the notion that stimulus control can not re-
stricted to momentary cause (Rachlin, 1994;
Staddon, 1993). An emphasis on contextual vari-
ables, or setting events, at all levels is central to the
importance of differential experience to develop-
mental outcomes (Baer, 1997; Bijou, 1996;
Paniagua, 1997). The consideration of 4- and high-
er-term contingencies and complex antecedent
discriminative stimuli, both historically and cur-
rently, is necessary (Pelaez-Nogueras & Gewirtz,
1997). And for the analysis of human behavior,
contextual events at the level of culture must also
be examined. Cultural learning is being heavily
emphasized in both the developmental (e.g.,
Montgomery, 1997; Tomasello, Kruger, & Ratner,
1993) and behavior analytic literatures (e.g., Glenn,
1991; Lamal, 1991; Malagodi, 1986).

Recognizing the etiologity of reinforcers. A
thorough understanding of what is reinforcing to
the organism is also critical to selectionist ap-
proaches. Mainstream developmental psychology
has assumed that human behavior can be main-
tained by phenomena like perceptual stimulus
changes, movement relative to the external envi-
ronment, the successful manipulation of objects,
and proprioceptive feedback. For example, while
many developmental psychologists reject the
"mentalism" inherent in Piaget's theory of cogni-
tive development, his observations with respect to
the enormous amount of independent, variable,
manipulative, exploratory "play" behavior in the
developing human have been replicated consis-
tently (see Flavell, Miller, & Miller, 1992). These
types of reinforcers come under the category of
ecological or automatic reinforcers in the behavior
analytic literature (Bijou & Baer, 1965; Bijou, 1995;
Malcuit & Pomerleau, 1996; Vaughn & Michael,
1982), but have not received very much attention.
Developmental scientists have also assumed the
strong effects of social stimuli as reinforcers for
human infants (Redd, Winston, & Morris, 1977).
Current behavior analytic work is systematically
manipulating some of these stimuli (e.g., touch,
vocalizations, facial expressions, and imitation)
(e.g., Gewirtz & Pelaez-Nogueras, 1998; Pelaez-No
gueras, Gewirtz, Field, Cigales, Malphurs, Clasky,
& Sanchez, 1996) in order to further our under-
standing of species-typical reinforcers and how
they function.

The relevance of physiology and individual
differences. A selectionist perspective also im-
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plies that while developmental science cannot be
reduced to biology (Reese, 1996), physiological
products and the neurological substrates of behav-
ior cannot be ignored (Donohoe & Palmer, 1994;
Harrison, 1994; Hunziker, Saldana, & Neuringer,
1996; Johnson, 1993; Siegler, 1989). In addition,
comparative research (e.g., Sameroff & Suomi,
1996) implies the relevance of both species-specific
principles of behavior, and principles that general-
ize across species, to current developmental sci-
ence.

Thus, a dynamic systems approach that entails
complex change in open systems is being pro-
posed as the best one to account for the key
phylogenetic, ontogenetic, and immediate deter-
minants of behavioral development. There will al-
ways be the issue of how to conduct experimental
analyses involving variables that cannot be manip-
ulated ethically. Developmental psychology has
dealt with this through the use of correlational re-
search methodologies, within-subject group de-
signs that capitalize on naturally occurring vari-
ability in the multiple determinants of behavior.
An illustration follows, one that attempts to place
correlational designs within a perspective that in-
corporates the concepts of both learning and
growth: Thompson (1986) proposed that, while
"individual variation in emotionality... can shape
infants' perceptions of the care-giving environ-
ment..." (p. 45), much of the work on early parent-
child interaction focused solely on the role of ma-
ternal responsivity. However, individual varia-
tion in temperament or emotional behavior may
interact with the variability observed in parental
responsivity or sensitivity. For example, one criti-
cal measure of responsivity and sensitivity is la-
tency to attend to infant cries. Individual differ-
ences in frequency of crying may have a large in-
fluence on how infants learn the contingencies that
are operating in this behavioral sequence. Similar-
ly, frequency of gaze aversion on the part of the in-
fant might influence the ability to gain certain
kinds of information available in face-to-face inter-
action with a caregiver through facial expressions
and vocalizations. Complicated 4- and higher-ter
m contingencies are nowhere more evident than in
these interactions and most probably provide the
critical environmental setting for skills like imita-
tion.

In addition, variability in infant behavior may
have the effect of differential elicitation of
caregiver behaviors. Adults are more likely to use
reasoning about the consequences of behavior
when working on a task with a child with a person
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orientation (one who looked frequently at the
adult's face and was verbally responsive) while be-
ing more likely to use power assertion discipline
strategies with children low in person orientation
(Keller & Bell, 1979; see also Brunk & Henggeler,
1984; Cantor & Gelfand, 1977). Similarly, with
children who tended to avoid social contact, in
contrast to those who seek out such situations,
adults pay less attention, show low physical con-
tact, and interact infrequently (Taylor & Carr,
1992a; 1992b). While these data are correlational,
the studies were designed to assess the impact of
the child in interactions. Yet another potential
child effect is evident in recent findings in the
child language literature that suggest adults prefer
syllabic vocalizations on the part of a baby (Bloom,
D'Odorico, & Beaumont, 1993). That is, these find-
ings show that adults tend to reinforce syllabic vo-
calizations to a greater degree than they do non-sy
llabic vocalizations. Thus, infants who emit more
non-syllabic vocalizations may receive less adult
attention.

In all of these situations, individual differenc-
es in infant characteristics (which are at least par-
tially heritable, as indicated by the growing
amount of evidence from the field of behavioral
genetics (e.g., Bates & Wachs, 1994, Plomin, 1989;
Plomin & Daniels, 1987; Suomi, 1987)) would have
the effect of exposing infants to differential
amounts and types of information about the social
environment. These differences in infant behavior
are also likely to be differentially maintained by
operant contingencies, thus yielding differential
learning. These types of analyses are necessary for
identifying the influential determinants inherent
in the dynamic system that is the developing hu-
man in a species-typical environment (Fogel &
Thelen, 1987; Goldfield, 1995).

Conclusion

Developmental psychologists want to describe the
process by which behaviors come to appear in the
human repertoire that are not observable in the
newborn infant. Dynamic systems theory pro-
vides a model for conceptualizing the interaction
between nature and nurture in producing behav-
ior. It forces us to not just explain organism-be-
havior causal relations or environment-behavior
causal relations, but rather to see behavior as
emergent from the organism-environment dynam-
ic system. The model allows us to fully acknowl-
edge species continuities and discontinuities, de-
velopmental continuities and discontinuities, and






