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A B S T R A C T

The present article traces the development of Timberlake’s behavior systems framework while noting connec-
tions between it and Kantor’s interbehavioral psychology. Congruent with Timberlake’s behavior systems ap-
proach, interbehaviorists assert that (a) behavior is best understood as part of a complex causal system instead of
a simple linear model, (b) the study of learning and behavior analysis should consist of the study of multiple
responses and the systematic observation of response forms, (c) learning involves the reorganization of a be-
havior system, (d) behavioral analyses should be more ecological in orientation, and (e) psychology would
benefit from a set of methodologies and apparatuses broader than those normally used to study operant and
Pavlovian conditioning. These connections may derive from two broad themes shared by the behavior systems
framework and interbehavioral psychology: an appreciation for a systems view of behavior and the importance
of ethological considerations.

1. Introduction

Timberlake’s major contribution to the study of animal learning and
behavior analysis may be the integration of ethological and psycholo-
gical theorizing in a manner that permitted empirical testing of various
aspects of this integration. He was particularly interested in a frame-
work that melded ethological considerations with associative theories
of learning. From the outset, he recognized the challenges of developing
a complex causal model of animal learning and behavior: “The em-
pirical realization of such a general model is a monumental task”
(Timberlake, 1981, p. 639). The epitome of his efforts would be known
as Timberlake’s behavior systems framework (e.g., Timberlake, 1983,
1994, 2001; Timberlake and Lucas, 1989).

According to this framework, people and other animals’ behavior is
the result of integrated hierarchical-sequential systems that consist of
neurological structures and processes, sensory and perceptual sensi-
tivities and biases, and response components that are organized around
important biological functions, such as procuring food, attracting
mates, and escaping and avoiding predators. The system is the highest
organizational level of behavioral control (e.g., feeding); subsystems that
share common features is the next lower level of control (e.g., predation
vs. browsing); modes are collections of stimulus sensitivities and

responses related to important events and to cues that announce them
(e.g., general search, focused or focal search, handling/consuming);
perceptual-motor modules refer to predispositions to respond to parti-
cular stimuli with particular actions (e.g., capturing or securing food is
a stimulus event that may trigger biting); finally, specific actions are the
lowest level (e.g., biting, chewing, swallowing). Fig. 1 shows a sche-
matic representation of a rat’s predation subsystem.

A behavior systems view posits that learning involves the re-
organization of an animal’s initial conditions, which consist of the ef-
fects of an animal’s past experiences and its evolutionary history, to
improve the fit between the operation of a behavior system and the
environment. An animal’s behavior is functional when the intial con-
ditions fit the programmed or unprogrammed contingencies. When they
do not fit, misbehavior results (e.g., Breland and Breland, 1961). To
improve the chances of a good fit and minimize the chances of mis-
behavior, researchers who study learning and behavior analysis care-
fully engineered their apparatuses and procedures – a process
Timberlake (1990) referred to as tuning.

The philosophical heritage of the behavior systems approach is
“partly in functionalism and nativism” (Timberlake and Lucas, 1989,
pp. 240–241) in that the “organism is assumed to begin with con-
siderably more than a blank slate” (Timberlake and Lucas, 1989, p.
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241). Learning consists of “changes in the existing perceptual and re-
sponse structures and the motivational processes of a functioning or-
ganism” (Timberlake and Lucas, 1989, p. 241). In terms of its scientific
heritage, the behavior systems approach is rooted primarily in evolu-
tionary and organismic biology. Timberlake and Lucas acknowledged
similarities between Tinbergen’s (1951) hierarchical motivation model
and the behavior systems view of hierarchical control. In its final form,
Timberlake’s behavior systems approach aligned itself mostly with
classical ethology (e.g., Baerends, 1988; Lorenz, 1981; Tinbergen,
1951), early comparative psychology (e.g., Craig, 1918), and adaptive-
evolutionary views of animal learning and behavior (e.g., Bolles, 1970;
Garcia and Koelling, 1966; Hollis, 1982).

Although Timberlake’s behavior systems framework is rooted in
functionalism, nativism, and evolutionary and organismic biology, it
also shares thematic affinities with interbehavioral psychology. With
regard to connections between behavioral systems analyses in general
(rather than the behavior systems framework in particular) and inter-
behavioral psychology, Ray (1995, p. 293) wrote: “Behavioral systems
analysis has its conceptual and methodological roots in Kantor’s inter-
behavioral philosophy, general systems theory, operant learning prin-
ciples, and ethological assessment of behavioral patterning (Ray and
Delprato, 1989).”

Interbehavioral psychology was developed by J. R. Kantor
(1888–1984), a professor at Indiana University from 1920 to 1959.
Kantor wrote extensively about philosophy of science and epistemology
(Mountjoy, 2001). He believed that behavior could not be adequately
studied as part of a simple (linear) causal model (Kantor, 1959; see also
Clayton et al., 2005). As a result, interbehavioral psychology is char-
acterized by systems thinking. Kantor (1970) represented the main
components of the system – what he termed the “interbehavioral field”
or “psychological event” but modern science terms the “system”
(Delprato and Smith, 2009) – by the formula PE = C(k, sf, rf, hi, st, md).
PE represents the psychological event, which is anything an organism
senses, perceives, and does in relation to a constellation of past and
present stimulus conditions. C conveys that the psychological event is
an integrated outcome of stimulus (sf) and response (rf) functional re-
lations, interbehavioral history or hi (e.g., history of leverpressing;

evolutionary history), setting factors or st (e.g., time of day; presence of
occasion setters), and the media of contact between environmental
stimuli and the organism or md (e.g., light stimulates receptors in the
eye allowing a rat to see a lever; the surface of a lever stimulates tactile
receptors allowing the rat to feel the lever). The letter k symbolizes the
uniqueness of every psychological event, that the same precise cir-
cumstances of a psychological event can never be repeated. In sum,
“Kantor conceived of an interbehavioral field that consists of the or-
ganism and the stimulus objects in its environment reciprocally relating
to each other according to psychophysical laws” (Pear, 2007, p. 138).

For interbehaviorists, learning consists of the reorganization of a
behavioral system and its interrelated network of responses (Ray and
Brown, 1975). Studying learning requires measuring not only changes
in the frequency or magnitude of a response, but also changes in the
forms of multiple responses (Morris, 1984). Because responses do not
have meaning apart from the interbehavioral field, the goal of studying
learning and behavior is a thorough description of the relations be-
tween responses and the other components of this field (Greenberg,
2008; Morris, 1984). Moreover, Kantor believed “that the behavioral
sciences must become increasingly ecological and contextual bound in
analysis” (Sharpe and Delprato, 2005, p. 347).

Kantor’s belief that psychology needed to study the interrelations
among multiple responses led him to criticize Pavlovian and Skinnerian
approaches to the study of learning and behavior, for they relied
heavily on simple linear causal models and used few preparations that
consisted primarily of studying one response (operant or respondent) at
a time (Kantor, 1970; see also Ray, 2011/2012Ray, /, 2012Ray, 2011/
2012). Responses, even actions defined solely by the closure of a mi-
croswitch or the completion of a circuit, are not caused by the pro-
grammed contingency (i.e., independent variable). Instead, changes in
responding reflect the influence of interrelated factors of which the
programmed contingency is just one of them.

In what follows, we trace the development of Timberlake’s behavior
systems framework. Like many theories or approaches, Timberlake’s
framework evolved over the course of many years. The beginnings of
the framework are evident in the adaptive model proposed by
Timberlake and Allison (1974); the most fully-formed version of the

Fig. 1. A schematic representation of the hierarchically-organized predation subsystem in the rat. The browsing subsystem (not shown) would have its own hier-
archical organization. Adapted from Timberlake and Lucas (1989).
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framework appeared in a book chapter written by Timberlake and
Lucas (1989). In the process of tracing the evolution of Timberlake’s
behavior systems framework, we bring to light hitherto unexamined
thematic affinities between it and Kantor’s interbehavioral psychology.

2. A brief history of the development of the behavior systems
framework

2.1. Systems thinking (1974)

Just as systems thinking is arguably the most general characteristic
of interbehavioral psychology, a systems approach is the most general
characteristic of the behavior systems framework. One of the earliest
signs, if not the first sign, of Timberlake’s systems thinking is found in a
1974 article he co-authored with Indiana University psychology pro-
fessor, James Allison. In that article about response deprivation,
Timberlake and Allison (1974) used an analogy of a physical system to
illustrate that a reinforcer appeared to strengthen the response that
preceded it (a simple causal view) because a broader system was
modified by the response-reinforcer contingency (a more complex
systems view). To clarify their view of the relative nature of reinforcers,
Timberlake and Allison relied on the following analogy that involved
Boyle’s law (i.e., pressure, P, volume, V, and temperature T of a gas are
related as follows: PV = kT, where k is a constant):

A well-known physical law states that the pressure of a gas in a fixed
space [constant V] is a direct function of its temperature. Suppose,
however, that the concept of temperature were not known but that
researchers had cataloged “pressurizing agents” which increased the
pressure of gas systems to which they were added. If all gas systems
considered had similar initial temperatures, then all pressurizing
agents would be transituational in their effects. However, if the gas
systems differed in initial temperature, then a given pressurizing
agent might increase, decrease, or have no effect on the pressure of a
system to which it was added. Such phenomena can be understood
and predicted only by developing the concept of temperature and
the associated gas laws. (p. 147)

In other words, for fixed V and depending on the unknown value of
T, applying the same pressurizing agent might increase, decrease, or
have no effect on P. Similarly, according to response deprivation
theory, depending on the relative amounts of the instrumental and
contingent responses during a free-choice baseline condition, applying
the same “reinforcing agent” might increase, decrease, or have no effect
on the amount of the instrumental response.

Later in this same article, Timberlake and Allison described their
systems view of reinforcement, which they termed the adaptive model
of performance. Key features of this model – such as a systems view of
behavior, incorporating evolutionary considerations (e.g., species-ty-
pical behavior) into traditional learning theory and behavioral analysis,
an awareness that an animal’s behavior in a laboratory illustrates its
reaction to a constraint imposed on a preferred allocation of behavior,
the causes of misbehavior, and the importance of tuning apparatuses
and procedures in studies of learning – would form the basis for
Timberlake’s behavior systems framework:

Two major assumptions underlie the adaptive model. The first is
that instrumental performance is a result of conflict between the freely
occurring behavior of the animal and the restrictions of a schedule
[emphasis added to highlight constraints theme]. The effects of a
schedule cannot be understood or predicted by considering the con-
tingency situation alone [emphasis added to highlight systems
thinking]. … A schedule imposes sequential and quantitative con-
straints which typically conflict with the patterns of free behavior.
(Timberlake and Allison, 1974, p. 150)

The preceding assumption aligns closely with Kantor’s (1942, 1970
view that a programmed contingency does more than simply strengthen

the response that produced reinforcement. For Kantor (1975, p. 140), a
programmed contingency alters interrelations among behaviors, and
not necessarily through strengthening:

Attacks are being made on operant-learning theory because of numerous
recent researches which contravene the central notion of operantism,
namely, the mighty role of reinforcement in the development and per-
formance of behavior. Not only may a reinforcer for an operant be an
unconditioned stimulus for a respondent, but great criticism is made of
the general notion of reinforcement on the basis of various investigations.

Prominent among those researchers are the findings that the tem-
poral relation between reinforcer and the response-stimulus effect is
far different from the early asserted rule of contiguous association
(Revusky and Garcia, 1970); then there is the phenomenon of auto-
shaping or sign-tracking (Brown and Jenkins, 1968; Jenkins, 1974),
which nullified the importance of reinforcement entirely.

Summarizing his views of Pavlovian and operant conditioning,
Kantor (1975, p. 142) wrote: “The inflation of the conditioning
process into an explanatory principle … constitutes a violent tra-
vesty of scientific thinking.”

Timberlake and Allison’s (1974) second assumption (see below)
aligns with Kantor’s (1975) belief that behavioral analyses should be
more ecological in orientation (see also Clayton et al., 2005).

The second major assumption of the adaptive model is that resolution of
the conflict between the determinants of free behavior and the re-
quirements of the schedule is based on the biological equipment and ca-
pacities of the animal involved [emphasis added to highlight evolutionary
considerations]. An adaptive outcome is not necessarily most efficient
(profitable) in obtaining access to the contingent response (Herrnstein,
1970). In the example above, the rat may perform responses other than
bar pressing in reaction to the scheduled restriction of food. It might
escape its cage, eat sawdust, nibble its pellets more efficiently, alter its
metabolism of fats, bite the experimenter, or gnaw the bar. These out-
comes are not equally profitable, but all are adaptive in that they follow
from the organism’s functioning as a biologically evolved system [emphasis
added to again highlight systems thinking and evolutionary considera-
tions] and in response to the imposition of the schedule [emphasis added to
again highlight constraints theme].

Animals would be expected to show efficient performance only if their
phylogenetic and ontogenetic programming provided the possibility of
such a solution to the conflict imposed by the schedule [emphasis added
to highlight the emphasis on the conditions that produce efficient
behavior versus misbehavior]. The fact that much behavior under a
schedule appears to take the form of efficient instrumental re-
sponding is probably due primarily to a judicious selection of appa-
ratus, animal, and procedure [emphasis added to highlight im-
portance of tuning], and only secondarily to the general effect of a
reinforcer. (Timberlake and Allison, 1974, p. 151)

Consistent with Kantor’s view of learning (see Ray and Brown,
1975), Timberlake and Allison (1974, p. 160) also suggested that
learning was more about the reorganization of existing species-typical
behavior or response units than the creation of new arbitrary responses:
“The work on autoshaping of key pecking in pigeons and bar manip-
ulation in rats highlights the ability of experimenters to hit upon in-
strumental responses that are closely related to the animal’s ready-
made repertoire. ... Failure to use such “prepared” responses (Seligman,
1970) may result in great difficulty in learning (Bolles, 1970, 1972;
Breland and Breland, 1961, 1966; Shettleworth, 1972).” Thus, ac-
cording to Timberlake and Allison (1974), learning was facilitated
when researchers hit upon a good fit between the apparatuses and
procedures they engineered and the animal’s species-typical or ready-
made stimulus sensitivities and behaviors. A poor fit hindered learning.

Despite the presence of themes that would remain defining
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characteristics of the behavior systems framework, key features were
absent. Most notably, the integration of classical ethological views re-
garding the hierarchical and sequential nature of behavior was missing.
As a result, Timberlake and Allison’s (1974) article does not contain any
references to ethologists Konrad Lorenz, Nikolaas Tinbergen, or Gerard
Baerends. At this stage, the impetus for Timberlake and Allison’s the-
orizing came from psychologists who incorporated evolution and
ecology into their research: Keller and Marian Breland, Robert Bolles,
Martin Seligman, and Sara Shettleworth.

2.2. “Behavior system” (1975)

It was in Timberlake and Grant’s (1975) article where the term
“behavior system” first appears in Timberlake’s published works. The
term appeared in the second to last sentence of the article: “Lorenz used
this illustration to suggest that an entire behavior system was condi-
tioned by the procedures of classical conditioning, not just an isolated
reflex” (p. 692). Timberlake and Grant elaborated on what they meant
by behavior system in an endnote: “A system of behavior may be
viewed as a collection of species-typical sensorimotor mechanisms po-
tentially sharing common causal factors” (p. 692).

A key idea of Timberlake’s mature behavior systems framework (see
Timberlake and Lucas, 1989) was introduced by Timberlake and Grant
(1975). The key idea was that an entire behavior system rather than a
specific conditioned response (CR) gets conditioned during Pavlovian
conditioning. (Timberlake would later say that modes rather than
whole systems become conditioned during Pavlovian conditioning; see
Timberlake, 1994, 2001). The responses that are evoked by a condi-
tioned stimulus (CS) depend on the nature of the CS and other sup-
porting features of the environment. For example, for a hungry rat, a
diffuse tone that predicts food may elicit swimming toward the location
of food if the conditioning environment consists of a pool filled with
water but elicits scurrying to the food site if the pool is empty. What
gets conditioned to the tone is a set of responses (e.g., approach to the
food site) rather than a specific response (e.g., swimming vs. scurrying).
Timberlake and Grant (1975) wrote the following about this aspect of
Pavlovian conditioning: “As an alternative to stimulus substitution, we
offer the hypothesis that auto-shaped behavior reflects the conditioning
of a system of species-typical behaviors commonly related to the re-
ward. The form of behavior in the presence of the predictive stimulus
will depend on which behaviors in the conditioned system are elicited
and supported by the predictive stimulus” (p. 692).

Timberlake and Grant’s view was an alternative to stimulus sub-
stitution accounts of conditioned responding. In support of their view,
they showed that rats, which are social feeders, approached and in-
teracted socially with a live rat that predicted food. The rat CS evoked
social responses, not eating the CS, which is the response predicted by
stimulus substitution. Timberlake and Grant’s study highlighted the
importance of an animal’s biology to the form of conditioned re-
sponding. Interbehaviorists also promote the incorporation of biolo-
gical considerations into psychological theorizing: “Biological influ-
ences upon psychological behavior constitute the actualization of
potentialities resident in the morphology and ecological evolution of
organisms. These factors when actualized in concrete behavior parti-
cipate in the behavioral situation as abilities and limitations of action”
(Kantor, 1975, p. 143).

Despite this like-mindedness with interbehavioral psychology, the
key references in Timberlake and Grant’s article were to the works of
comparative psychologists (Jerry Hogan and Bennett Galef) and
ethologists (Gerard Baerands and Konrad Lorenz). Still absent was any
explicit reference to the work of ethologist Nikolaas Tinbergen, the
hierarchical-sequential organization of behavior systems, and the con-
ditioning of specific features of a behavior system rather than a whole
system.

2.3. The organization of behavior systems: a preview (1981)

In 1981, Timberlake wrote a commentary for a Behavioral and Brain
Sciences (BBS) target article that Gallistel (1981) wrote about the or-
ganization of action. It was here where Timberlake (1981) first referred
to the organization of behavior as hierarchical and speculated about the
characteristics of the hierarchical organization: “shaped like hour-
glasses, diamonds, or even upside-down pyramids” and “levels in a
hierarchy may not be fixed but may actually reverse under different
circumstances” (p. 638). Echoing interbehaviorist views that behavior
was best understood as part of a complex causal system (e.g., Richling
et al., 2017), Timberlake wrote that “we must treat behavior as an
entity of complex causation and control” (p. 638). Timberlake also re-
ferred to what would be the first major description of his behavior
systems framework. Citing a chapter that he had written but which
would not be published for two years, Timberlake gave readers a pre-
view of his model:

I recently suggested such a model [of the structures an animal brings
to a learning situation] to account for the behavior of two rodent
species toward conspecifics that predicted food (Timberlake, 1981).
Within this model, low-level sensorimotor units (such as reflexes,
taxes, and oscillators) are combined into larger units of perceptual-
motor organization called modules. Each module consists of re-
sponses that show statistical sequential/temporal relations and can
be elicited, controlled, and terminated by particular stimuli. The
modules are organized in a loosely hierarchical fashion into systems
serving a common function (such as the feeding system). Potentia-
tion consists of input at the system level, and depotentiation de-
pends on the nature and temporal relation of controlling stimuli. (p.
639)

As part of this preview, Timberlake summarized what learning does
and how it occurs:

Learning is presumed to occur within these systems in the form of
modification of the frequency, order, timing, integration, and elici-
tation of subunits, modules, and systems. Further, depending on the
level and function, learning may occur as the result of response
feedback, stimulus-response pairing, motor repetition, or stimulus
presentation. (p. 639)

Finally, Timberlake noted the difficulty of testing a complex causal
model of learning and behavior: “The empirical realization of such a
general model is a monumental task. It may well be no more than a
heuristic guide to other models” (p. 639). Similar sentiments have been
expressed about interbehavioral psychology. That is, regardless of the
correctness of interbehavioral psychology, its complexity makes em-
pirical testing and interpretation of the results challenging (see Marr,
1984; Schoenfeld, 1969).

2.4. Behavior systems and learning (1983)

The first comprehensive description of the behavior systems fra-
mework was published in a 1983 chapter where Timberlake (1983)
discussed the distinctions, divisions, and relative strengths and weak-
ness of ecological and arbitrary approaches to the study of learning and
behavior analysis. Tinbergen’s (1951) contributions to the behavior
systems framework were evident when Timberlake (1983) argued that
an animal’s behavior is “organized into systems of processes that serve
particular survival functions by relating stimuli, responses, and internal
states” (p. 183), and that the organization of most behavior systems was
“semi-hierarchical” (p. 184).

This chapter is also noteworthy for its continued embrace of etho-
logical concepts and how these could help psychologists understand
phenomena such as sign-tracking, autoshaping, and misbehavior. The
added discussion of Tinbergen’s (1951) hierarchically-organized model
of motivational states strengthened the connection between the
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behavior systems framework and classical ethology. Related to Tin-
bergen’s model, Timberlake (1983) proposed for the first time a sche-
matic representation of the feeding system of a rat (see Fig. 2), a
schematic that would become more complex and complete in future
publications of his behavior systems framework (see Fig. 1).

Timberlake described the behavior systems model as consisting of a
system (e.g., feeding, mating, parenting) and perceptual-motor mod-
ules: “Each system is composed of smaller organized units of percep-
tual-motor organization which I will call modules. Each perceptual-
motor module consists of responses that show a probabilistic sequential
and/or temporal relation, and are probabilistically elicited, controlled,
and terminated by particular stimuli” (Timberlake, 1983, p. 184).
Moreover, the modules are “organized in a semi-hierarchical fashion
such that some modules normally precede or follow other modules.
Most modules are vertically integrated, involving skeletal, neuromus-
cular, hormonal, and sensory processes” (p. 184). Timberlake listed the
modules comprising the rat’s feeding system: individual foraging, so-
cial-approach, investigation, predation, food handling, hoarding, in-
gestion, and rejection.

Still absent from Timberlake’s 1983 version of his behavior systems
framework, however, was any mention of modes – what he would later
refer to as the general search, focal search, and handling/consuming
modes (see Timberlake and Lucas, 1989). Although subsystems (e.g.,
predation vs. browsing) also were absent in this version of the behavior
systems model, the roots of what would become the subsystem level
were present in that Timberlake identified investigation and predation
as separate modules that led sequentially to a food handling module. In
short, the pieces of what would become the complete version of the
behavior systems framework that was published in 1989 were present
in the 1983 chapter. What was not yet well developed in 1983 was how
the different pieces fit together; that is, their organization.

Independently of Timberlake’s work, interbehaviorists had been
writing about, studying, and producing their own schematics of hier-
archically-organized behavior systems. Writing about their systems
view of behavior, Ray and Brown (1975, p. 473) stated: “the simple
motor behaviors of the laboratory rat exist as an interdependent system
of behaviors. When an intervention was performed on one of the be-
haviors … the organization of the system as a whole was also changed.
These changes in organization suggest that the system is sequentially
organized with mutually interdependent components.” Writing about
the same topic, Ray et al. (1977, p. 678) added: “interbehavioral net-
works involve the interfacing of hierarchically arranged environmental

systems and homeostatically balanced organismic systems.” Fig. 3
shows how Ray and Brown (1975) conceptualized the organization of
rats’ behavior during an operant conditioning task. Although hier-
archical in its organization, Ray and Brown’s conceptualization of a
rat’s behavior lacks an obvious reason for its structure. In contrast,
Timberlake’s (1983) modules – preorganized stimulus sensitivities and
response tendencies – provide the pillars for his view of the organiza-
tion of the rat’s feeding system.

2.5. Search modes: a preview (1988)

The first mention of modes appears in Timberlake’s (1988) com-
mentary of a BBS target article about self-control that was written by
Logue (1988). As he did in his BBS commentary seven years prior (see
Timberlake, 1981), Timberlake previewed what would become his most
complete articulation of the behavior systems framework: “two par-
tially overlapping motivational states or modes, general and focal
search” (p. 694) controlled perceptual-motor modules – packets of sti-
mulus sensitivities and motor programs. He explained that “general
search refers to exploratory and systematic search behaviors related to
increasing the likelihood of locating and capturing food. Focal search
refers to behaviors related to the actual capture and handling of food”
(Timberlake, 1988, p. 694). A more complete description of these two
modes and the addition of a third mode (handling/consuming) would
be published a year later.

2.6. The behavior systems framework (1989)

In a chapter co-authored with Gary Lucas, Timberlake added to his
behavior systems framework by expanding and elaborating upon the
example of the hierarchical feeding system of a rat. It was in this
chapter that the schematic of a rat’s predation subsystem was presented
(see Fig. 1). This schematic illustrated that the rat’s predation sub-
system consisted of three search modes, each with associated stimulus
sensitivities and responses. Timberlake and Lucas (1989) explained
that, for a hungry animal, the presence of food engaged an organized
sequence of search modes: general search, focal search, and handling/
consuming. Focal search was further subdivided into pre- and post-food
focal search. Similar hierarchically-organized systems existed for other
animals, for other appetitive goals (e.g., obtaining food, water, mates),
and for escaping or avoiding aversive events (e.g., avoiding predators or
inclement weather).

Fig. 2. A schematic representation of some components of the behavioral feeding system in the rat. Redrawn from Timberlake (1983).

Fig. 3. An example of a hierarchical organization of rats’ responses in the presence of an S + where pressing a lever results in water reinforcement. The width of the
connecting arrows conveys the probability of each sequence (thicker arrows indicate higher probabilities). Adapted from Ray and Brown (1975).
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In their example, Timberlake and Lucas described how rats forage
for food by starting in a general search mode, characterized by atten-
tion to general contexts and cues related to food but not imminent food.
When a rat finds better predictors of food, the focal search mode is
engaged. The focal search mode is characterized by stimulus sensitiv-
ities and responses related to an imminent encounter with better pre-
dictors of food or food itself. Once food is located and contacted, it
engages a handling/consuming mode. Handling/consuming responses
consist of biting, chewing, and eating food. Following ingestion, the rat
re-enters the focal search mode that again activates stimulus sensitiv-
ities and responses related to an imminent encounter with better pre-
dictors of food or food itself. If more food is found, the rat returns to a
handling/consuming mode. If more food is not found quickly, the
passage of time and other cues that food is not imminent begins to
engage the general search mode. This sequencing through the search
modes continues until the rat is satiated or a bout of foraging ends for
some other reason (e.g., the rat has to evade a predator).

In Timberlake and Lucas’s (1989) chapter, predictions about re-
sponse form during Pavlovian conditioning, which first appeared in
Timberlake and Grant (1975), were made more explicit. Timberlake
and Lucas (1989) reasoned that there are optimal CS durations and
optimal CS-US intervals for different search modes. Thus, the relative
strength and expression of a mode depends on the nature of the CS and
its spatiotemporal proximity to the US. A CS that is presented tempo-
rally close to a food US (e.g., a brief CS and a short CS-US interval)
should come to condition a focal search mode and appropriate re-
sponses (e.g., feeder-directed behavior), whereas a CS presented tem-
porally distant from a food US (e.g., a long-duration CS whose onset
precedes the US by many seconds) should come to condition responses
correlated with an earlier search mode (e.g., locomotion and a tendency
to chase moving stimuli). Which responses are evoked by a CS is
probabilistic and depends on how well the characteristics of the CS, US,
and other aspects of the experimental environment support one re-
sponse over another.

Timberlake and Lucas reiterated that learning consists of the re-
organization of an animal’s initial conditions so as to improve the fit
between the operation of a behavior system and the environment. As
such, Pavlovian and operant conditioning were two procedures for
modifying the fit between a behavior system and the environment, not
two types learning (e.g., Kimble, 1961). This view is shared by Kantor
and other interbehaviorists. For example, Ray and Brown (1975, p.
473) wrote, “a definition of learning as a ‘reorganization of inter-
behavioral events (Kantor, 1959)’ ought to be considered as a possible
basic framework for a new conceptualization of behavior change. A
definition that does not take into account the systems properties of
behavior cannot provide an adequate base for theory construction.” On
the distinction between Pavlovian and operant conditioning, Ray and
Brown (1976, p.21) wrote that “learning procedures actually represent
a parametric continuum of related procedures comprised of the speci-
fication of … ‘base behaviors’ for probabilistic stimulus deliveries. These
stimulus deliveries then determine the nature of many alternations in
behavioral flow dynamics….”

The idea of apparatus and procedure tuning figured prominently in
Timberlake and Lucas’s (1989) behavior system framework. Tuning is
the process of modifying apparatuses and procedures to improve the
chances of a good fit between what an animal brings to an experiment
(i.e., the animal’s initial conditions) and the programmed and un-
programmed contingencies so as to reduce the chances of misbehavior.
For Timberlake and Lucas, tuning was evidence for their systems view
of learning and behavior: “tuning indicates the existence of coherent
determinants of learned behavior that are not addressed in traditional
theory” (p. 240). In relation to tuning, Timberlake and Lucas (as Kantor
had many years earlier) advocated for a broader set of methodologies
than those normally used to study operant and Pavlovian conditioning.

In a section Timberlake and Lucas (1989) entitled Philosophical and
Scientific Heritage, they discussed the heritage of the behavior systems

framework: classical ethology, comparative psychology, and adaptive-
evolutionary approaches to the study of learning. But as we have tried
to illustrate, their behavior systems framework also includes thematic
affinities with interbehavioral psychology. Interbehaviorists believe
that simple linear causal models are insufficient for a science of beha-
vior, something akin to trying to understand the cause of weather with
a simple linear model. Interbehaviorists believe that behavior should be
studied as part of a complex causal system (Morris et al., 1982; Richling
et al., 2017). Proponents of a behavior systems approach are like-
minded (see Timberlake, 1993a, 2004). Interbehaviorists believe also
that the study of learning and behavior analysis should encompass
multiple responses and the systematic observation of response forms
(Richling et al., 2017). Proponents of a behavior systems approach
think similarly (see Timberlake and Silva, 1994). Interbehaviorists
think that learning involves the reorganization of the structure of a
behavior system. Proponents of a behavior systems approach agree (see
Timberlake and Lucas, 1989).

2.7. The behavior systems framework and interbehavioral psychology

Given that Timberlake’s behavior systems framework shares some
connections with Kantor’s interbehavioral psychology, why were the
thematic affinities between these two approaches not noted previously?
Any answer would be mere speculation. One thing is clear: no major
writings of psychologists identified with the constraints on learning
movement have cited a connection between their views and those of
Kantor or interbehavioral psychology (see Bolles, 1970; Breland and
Breland, 1961; Domjan, 1983, 2005; Hollis, 1982, 1997; Rozin and
Schull, 1988; Seligman, 1970; Shettleworth, 1972, 2010). And although
some interbehaviorists have acknowledged connections between their
views and the biological constraints on learning views, they did not see
or at least acknowledge connections to Timberlake’s behavior systems
framework (e.g., Ray and Brown, 1975; Ray and Delprato, 1989) or did
so only superficially (e.g., Delprato, 1986). An article entitled Beha-
vioral field systems analysis: History and scientific relatives (Delprato,
1992) – although about behavioral systems analysis and its connections
to “scientific relatives” – overlooked connections to Timberlake’s be-
havior systems. It seems that the constraints on learning approaches, of
which Timberlake’s behavior systems framework is a subset, and in-
terbehavioral psychology simply failed to see or appreciate the the-
matic affinities they shared. To this fact, we add a speculative note.
Timberlake attempted to ground animal learning and behavior analysis
in solid biological/ethological principles. He wanted to reconcile
Functionalism and Associationism and thereby unravel the intricacies
of learning; Kantor wanted to develop a philosophical framework for
understanding human behavior (Delprato, 2003). Kantor argued for the
importance of identifying and examining unacknowledged fundamental
assumptions in psychology (Delprato, 2003). Timberlake did the same,
but his focus was more targeted (some would say, narrower): to ex-
amine fundamental assumptions in traditional conceptualizations of
learning (see Timberlake, 1993a, 1994). In short, Timberlake’s focus
was simply different from Kantor’s focus.

Because Kantor was primarily a philosopher of science rather than
an investigator (Killeen, 1988), he “set things up in so abstract and
general a fashion, with his ideas being so nonconcrete and nonspecific,
that it was virtually impossible to falsify them” (Greenberg, 2008, p.
673). As a result, Kantor’s views generated few empirical studies.
Writing about the dearth of research spawned by Kantor’s views,
Verplanck (1995) – a self-acknowledged Kantorian and interbehaviorist
– wrote: “It was all but impossible for students to complete dissertation
requirements under Kantor’s direction. Able students of Kantor had to
complete their dissertations under the direction of others. [Kantor had]
no published experimental research of his own, nor dissertation stu-
dents publishing research” (p. 10). Countering these views with asser-
tions that, for interbehaviorists, hypotheses are not something to test
but guides to the identification of variables and the development of

K.M. Silva et al. Behavioural Processes 158 (2019) 117–125

122



procedures (Richling et al., 2017), description and explanation are not
sharply differentiated in interbehavioral psychology (Hayes and
Fryling, 2009), and science is about discovering relations among factors
rather than testing ideas, does not change the widespread belief that
Kantor’s views were not readily amenable to empirical research (see
Morris et al., 1982).

Moreover, fusing description and explanation does not preclude
empirical testing. Remarking on the relationship between description,
prediction, and testing, Timberlake (1993a, p. 119) wrote, “Although
the complexity of a behavior system may appear to make it a better
candidate for after-the-fact explanation than for a priori prediction,
once a system is constructed from observations and previous experi-
ments it is actually quite a powerful prediction device.” With regard to
the critical test tradition in psychology, he acknowledged that while
there is great value to the time-honored tradition of a scientific shoot-

out between hypotheses, he wanted “to see a new tradition of critical
tests that identified potential commonalities and complementary qua-
lities as well as important differences” (Timberlake, 1994, p. 414).

In this regard, the two Indiana University professors, Kantor and
Timberlake, are quite dissimilar. Many of Timberlake’s major writings
about the behavior systems approach contain testable ideas and pre-
dictions, such as when he listed seven hypotheses based on his behavior
systems model (see Timberlake, 1983). Timberlake developed a myriad
of apparatuses and procedures for testing the behavior systems frame-
work. For example, in addition to traditional straight-alley and radial-
arm mazes, Timberlake placed radial-arm mazes on floors to test
whether rats would follow the paths (arms) or venture off the paths and
more efficiently traverse the maze (e.g., Roche and Timberlake, 1998).
In addition to presenting rats with lights and tones, Timberlake de-
signed an apparatus that presented these animals with a rat that served

Fig. 4. Timeline (not drawn to scale) of key features and ideas in the behavior systems framework.
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as a CS (Timberlake and Grant, 1975) and with rolling ball-bearings
that served as CSs or probes of what these animals had learned (e.g.,
Timberlake et al., 1982). Together with Gary Lucas, Timberlake con-
ducted what may be the definitive study of so-called superstition in the
pigeon (Timberlake and Lucas, 1985). What they showed was that ra-
ther than idiosyncratic adventitiously reinforced responses, pigeons
show remarkable consistencies in response forms – some of which are
observed in young squab and foraging pigeons – related to the physical
characteristics of the experimental chamber (such as whether the food
aperture was in a wall or in a floor). In short, Timberlake’s behavior
systems framework generated a rich and prolific interdisciplinary re-
search program that has produced dozens of published empirical stu-
dies.

Despite its success stimulating empirical research and providing a
framework for understanding many aspects of learning, the creativity,
conceptual breadth, and complexity of Timberlake’s behavior systems
framework – like that of Kantor’s interbehavioral psychology – comes
with costs. Psychologists do not have the epistemic means to define
operationally and analytically (see Machado et al., 2000) the main
constructs of the behavior systems framework. Perhaps as a con-
sequence, they do not yet have the methodological tools to test a sys-
tems-oriented view of behavior (but see Silva and Timberlake, 1998;
Timberlake and Lucas, 1991). Addressing criticism that the behavior
systems approach is too complex, Timberlake (1994, p. 415) stated that
the apparent complexity arises because of “the failure of the traditional
associative account to acknowledge and make clear the full set of as-
sumptions and requirements necessary for its testing and application. …
The complexity of the behavior systems approach lies at the level of
establishing the characteristics of the system. But that is where it should
be.”

Notwithstanding these costs, perhaps one of the most valuable as-
pects of Timberlake’s behavior systems approach and Kantor’s inter-
behavioral psychology is that they caution us against generalizing our
findings and interpretations hastily. That is, given the conditions under
which experiments in learning and behavior analysis are conceived and
run, psychologists should be more careful about how they interpret the
generality of their findings.

2.8. Postscript: the behavior systems framework since 1989

A timeline of the behavior systems framework is shown in Fig. 4.
Although subsequent articles and chapters about the behavior systems
approach did not change its major tenets, Timberlake continued to
refine his framework. For example, he modified the behavior systems
framework to illustrate how the characteristics of different stimuli serve
as inputs for different modules, which are differentially sensitive to
different stimuli, and how these modules activate different specific
actions (see Timberlake, 1994). He also continued to use the behavior
systems framework as a nexus for integration with different areas of
psychology and animal behavior. Timberlake wrote about the relation
of the behavior systems framework to Pavlovian conditioning (see
Timberlake, 1994, 2001), reinforcement and operant contingencies (see
Timberlake, 1993a, 1995, 2004), animal behavior in field, laboratory,
and applied settings (see Timberlake, 1993b, 1997), and clinical psy-
chology (see Timberlake, 2006).
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