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(2) 229–235, 1999.—Discrimination research has increasingly used compound stimuli emerging
from drugs acting through multiple neurotransmitter systems or from injections of drug mixtures that approximate “street-
wise” drug-taking behaviors. Accompanying this trend has been an interest in the role of cognitive factors in drug discrimina-
tion learning. Accounts of multidimensional drug stimuli have focused mainly on specific neuronal mechanisms, and have
largely ignored the contribution of stimulus information to the perception of internal events or to the selection processes,
heretofore called attention mechanisms, which may underlie the observer’s idiosyncratic response to drug administration. It
is argued here that research in drug discrimination may benefit from a more detailed consideration of the processes by which
an observer interacts with the emergent stimulus properties of drug administration. Therapeutic intervention initiatives may
critically depend on knowing the interactions between the specific attributes of the drug experience that capture the attention of
the individual and that may later acquire stimulus control over complex drug-taking behaviors. © 1999 Elsevier Science Inc.
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OVER the last 40 years, drug discrimination studies have
helped to clarify our thinking about how and what is learned
about the effects of drugs. According to Balster (1), most of
the uses of psychoactive drugs that behavioral pharmacolo-
gists are most interested in involve repeated administration.
Therefore, learning theory is of particular importance in ex-
plaining how experience with drugs modifies their effects. Al-
though almost 4 decades of drug stimulus control data have
accumulated, there is a paucity of data characterizing what
specific attribute(s) of drug administration gain stimulus con-
trol and whether or not these emergent properties of drugs
vary between individuals.

The first principle of Gestalt psychology with regards to
the basic attributes of stimuli is that the whole is more than
the sum of its parts. Arrays of stimuli have emergent proper-
ties that cannot be ascribed to any component stimulus ele-
ment. Compound or complex stimuli normally involve multi-
ple and related sources of stimulus information, and questions
naturally arise about the relative contributions of different
features of the stimulus to the perception of the whole (11,12).

As with more traditional (exteroceptive) stimuli, subjects in
drug discrimination studies are thought to “select” a single el-
ement or a subset of available stimulus elements or arrays
produced by the training dose of the drug that is used in the
discrimination training [cf, (15,36,37)].

Keller and Shoenfeld (41) first proposed that “conceptual
behavior” was demonstrated when an animal responded simi-
larly to members of one stimulus class and differently to mem-
bers of other stimulus classes. Wasserman and Bhatt (57) have
defined “stimulus class” as a collection of discriminably different
stimuli, each of which is nevertheless more similar to members
of that class than it is to members of other classes of stimuli. From
this definition it can be inferred that generalization profiles in
discrimination tasks represent stimulus similarity and not iden-
tity of effects. The drug discrimination literature is replete
with evidence that both animals and humans can learn these
discriminations and, for the most part, that these discrimina-
tions are specific to the pharmacological class of the training
drug. However, there has been little focus on what is actually
being learned by the subject about the drug as a “stimulus.”
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Early psychologists typically studied and viewed simple
stimuli. Within the exteroceptive stimulus literature often the
stimulus was a single physical continuum such as wavelength
of light, the orientation of a line, or sound frequency or inten-
sity. For interoceptive drug-induced stimuli psychologists typ-
ically have used single drugs hypothesized to produce their
stimulus arrays from actions on a single receptor system. The
rationale for the selection of stimuli seemed clear: it permit-
ted the precise analysis of stimulus control of responding. The
use of these single element stimuli has increased our under-
standing of stimulus control of behavior by both exteroceptive
and interoceptive stimuli.

With respect to stimulus control by compound exterocep-
tive stimuli, it repeatedly has been demonstrated that the spe-
cific or particular stimulus dimension that controls the behav-
ioral operant is largely beyond experimental control
(10,29,50,58). Which specific aspect of the compound cue
(e.g., “form or color” or “light or tone”) becomes the “func-
tional” or “effective” stimulus controlling the response can be
determined by a number of possible factors. It has even been
suggested that the functional or effective stimulus that ac-
quires stimulus control may even be idiosyncratic (10,29,50).

The systematic study of stimulus control, in general, re-
quires the acquisition of a response in the presence of one or
more stimuli on the dimension of generalization. Blough and
Blough (2) have concluded that good stimulus control re-
quires, by definition, an attentive subject. It is well known
from the discrimination studies examining exteroceptive stim-
ulus control that even when the conditions of dimensional ac-
quisition are kept constant, the nature of stimulus control
manifested after such training will vary from animal to animal
and from group to group. A number of researchers have dis-
covered that animal subjects do not always learn to respond
equally to all aspects of stimuli differing along multiple di-
mensions (4,13,30,39,54–56). For example, in 1961 Reynolds
(49) demonstrated that different aspects of a compound stim-
ulus acquired control over responding in different subjects. In
the initial experiment, Reynolds trained two pigeons on a suc-
cessive discrimination in which the S

 

1

 

 was a white triangle on
a red background and S

 

2

 

 was a white circle on a green back-
ground. Once trained, it was discovered that neither pigeon
responded to either the green background or to the white cir-
cle. That is, the S

 

2

 

 acquired control over not responding.
However, one bird responded only when the red background
was presented, whereas the other pigeon responded only
when the white triangle was presented. Only one aspect of the
S

 

1

 

 controlled responding, and it did so in an unpredicted
manner. Using morphine as a training stimulus in a discrimi-
nation task, Gauvin et al. (15) demonstrated conceptually
similar results to the Reynolds study described above.

In 1996, Gauvin et al. trained rats to discriminate the pres-
ence and absence of a 5.6 mg/kg morphine training stimulus.
Once trained, crossgeneralization tests were conducted with
the psychoactive ingredients of a number of over-the-counter
medications that have proven to produce elements of the sub-
jective experience resulting from morphine injections in hu-
mans including, sedation, lethargy, analgesia, and anxiolysis.
Although each drug tested failed to produce complete cross-
generalization with the training stimulus, a unique drug mix-
ture was found for each rat that did engender complete
(

 

.

 

90%) morphine-appropriate responding. The mixture of
simpler elementary drug stimuli appeared to form compound
drug mixture stimuli that were subjectively similar enough to
the morphine training stimulus to produce patterns of re-
sponding similar to those engendered by the 5.6-mg/kg mor-

phine injection. Interestingly, the compound drug mixtures
were different for each of the nine rats that finished the study.
Typical mixture tests are shown in Fig. 1. Each over-the-
counter elementary drug stimulus was tested for crossgeneral-
ization singly and then combined with each other to form a
compound stimulus that engendered complete crossgeneral-
ization with the morphine training stimulus. It could be con-
cluded that for each subject in the experiment some subset of
simpler stimulus elementary cues (e.g., analgesia, lethargy, re-
laxation, CNS depression, and so forth), which are shared by
a number of other drugs, controlled the response choice mea-
sure. The question, then, is, “Do these morphine-related data
reflect a unique situation?” The individualized “morphine-
like” compound stimulus created through a process of stimulus
additivity in the Gauvin et al. (15) study is not the only report
demonstrating the creation of over-the-counter compound
drug mixtures that produce subjective profiles similar to those
produced by controlled drugs of abuse. The creation of a “co-
caine-like” stimulus has been accomplished by the mixing of
sets of other over-the-counter cold and diet aids containing
ephedrine, phenylpropanolamine, and caffeine (20), by the
combination of two antihistamines (doxylamine and diphen-
hydramine) (17), and, more recently, by combinations of
commonly used over-the-counter cold medications “dex-
tromethorphan and ephedrine” and “dextromethorphan and
diphenhydramine” (25).

Drug-taking behavior never occurs in isolation. Complex
or compound situations involving multiple sources of infor-
mation are ecologically more valid, and seem more informa-
tive about behavior in the real world (11,12). Brunswik (3)
long ago demonstrated the advantages of studying behavior
in situations where the natural covariations between variables
was preserved because such situations were more representa-
tive of naturalistic conditions. Herrnstein and Loveland (34)
were instrumental in shifting to this new perspective. In one
study, pigeons were trained to discriminate pictures of people
or parts of people from pictures that did not contain people.
Subsequent studies focusing on category recognition demon-
strated that pigeons can accurately report the presence versus
absence of a class of objects (e.g., buildings, trees, fish) in
complex visual stimuli (31–33,35). Although these studies
have clearly demonstrated a more Gestalt-like orientation in
the approach to the study of control by complex or compound
stimuli by animals, humans do not simply sort stimuli into ob-
ject-present and object-absent categories (57). Drug stimuli
are most usually not experienced in isolation. The cup of cof-
fee, the cigarettes smoked, the over-the-counter cold or head-
ache tablets administered prior to the illicit drug administra-
tion all contribute to the “drug experience.” Humans not only
classify natural stimuli, but also stimuli that we have ourselves
created or experience on an idiosyncratic or personal basis as
is the case with self-administered drugs. As earlier reviewed
by Terrace (53), differential reinforcement may be considered
to be a sufficient condition for some elementary dimension of
a complex stimulus to gain control over a particular response.
However, we still do not know whether it is a necessary con-
dition. It seems quite probable that, in many situations, innate
factors may determine the “effectiveness” or “distinctness” of
a particular stimulus element without the benefit of differen-
tial reinforcement with respect to that element. In fact, it is
quite probable that the stimulus element can itself act to rein-
force the situation, for example, when a drug with anxiolytic
attributes is taken under a subjective state of anxiety.

For some researchers, this variability in the nature of stim-
ulus control between subjects has been the defining charac-
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teristic of “attention” (53), while others use the term “atten-
tion” to refer to a class of experimental operations (37). Here,
the term “attention” is defined by Mackintosh (43), and refers
to a parameter of stimulus control whose value determines
first the amount of change in associative strength of a given
stimulus dimension as a consequence of reinforcement and
nonreinforcement and, to the extent to which the subject’s be-
havior will be actually controlled by that stimulus dimen-
sion(s) rather than by another at any particular moment. The
distinguishing characteristics of attention or stimulus-selec-
tion models of discrimination learning is that a potential cue,
or stimulus element, is viewed as competing with other avail-
able elements for the behavioral effects resulting from rein-
forcement and nonreinforcement. All current selection theories
have a commonality in suggesting that the response-eliciting
properties of a single stimulus element of a compound cue

depends not only on the reinforcement schedule associated
with the presence vs. absence of that element, but also on the
validity of the other available elements. Considering drug dis-
crimination studies, the most obvious controlling mechanism
directing which specific attribute will gain stimulus control or
guide the behavioral choice of the subject would be the spe-
cific dose selected for the training drug stimulus.

Colpaert (9) and Gauvin and Young (26) have previously
demonstrated that the training dose selected for discrimina-
tion training is a critical factor in regulating the qualitative
specificity of the resulting generalization profiles. The degree
of specificity of the stimulus control acquired by the training
cue appears to be governed by the magnitude or intensity of
the dose selected for training. Although Colpaert (9) and
Gauvin and Young (26) used single drug stimuli, the effect of
training dose selection in compound drug discrimination tasks

FIG. 1. Individual rat crossgeneralization functions. Single-dose tests were conducted with the active ingredients of a variety of over-the-
counter drugs in rats trained to discriminate the presence and absence of 5.6 mg/kg morphine sulfate. The percentage of test session responses
emitted on the morphine-appropriate lever are shown for four representative rats to demonstrate the diversity of responding produced by tests
with individual drugs (open bars) and their combination (filled bars). The hatched bars represent the predicted results of combining single drug
elements based on “simple effect additivity.” The filled bars represent the results of two independent test sessions conducted with the combina-
tion of each of the single drug doses represented in each panel. See (15) for details. DOX: doxylamine; DIPH: diphenhydramine; DMPN: dex-
tromethorphan; B1: thiamine, vitamin B1; B6: pyridoxine, vitamin B6; B COMP: B complex (1.8 mg/kg—B12 1 180 mg/kg of B1 and B6).
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has been demonstrated by Gauvin and Holloway (23). Rats
were trained to discriminate the presence and absence of an
ethanol-nicotine combination. The specific doses used for the
compound cue were based on previous data, and were se-
lected to reduce the probability of behavioral toxicity and to
create a compound stimulus whose individual elements would
equally contribute to the saliency of the resulting compound
drug cue. The initial training dose of 0.5 g/kg ethanol was se-
lected to be combined with 0.5 mg/kg nicotine. Once the
training criteria for stimulus control was achieved, generaliza-
tion tests were conducted with both ethanol and nicotine ad-
ministered singly. It was discovered that the 0.5 mg/kg nico-
tine portion of the compound cue controlled the choice
selection to the compound drug mixture-appropriate lever
(i.e., overshadowing). The 0.5 mg/kg ethanol dose element
minimally controlled the response choice measure, and only
engendered approximately 10% mixture-appropriate re-
sponding. In an attempt to redirect the attention of the sub-
jects to the ethanol element of the compound cue, additional
training was instituted with a higher dose of 1.0 g/kg ethanol
in combination with a lower dose of 0.3 mg/kg nicotine. After
1 month of additional training new generalization tests were
conducted. Both nicotine and ethanol training elements en-
gendered approximately 50% mixture-appropriate respond-
ing, suggesting equivalent stimulus saliency between the two
elementary stimuli of the compound cue. In response to an
upward shift of the ethanol training dose and the downward
shift in the nicotine training dose, the subjects appeared to
equivalently shift their attention to both elements of the
training drug mixture.

Most stimulus-selection theories have acknowledged the
importance of irrelevant or incidental stimuli in determining
discrimination performance. In a series of position papers
Restle (46–48) attempted to show how a variety of discrimi-
nation phenomena may be accounted for in terms of the dif-
ferential significance of incidental cues. As discussed above,
Gauvin et al. (7,15,20,24,25) have shown that combinations of
drug elements which, on the surface and when tested singly,
may appear to be quite benign and produce limited crossgen-
eralization with the training drug, appear to summate in a
simple additive fashion to engender a response pattern simi-
lar to that induced by the training dose of the training drug.
Within a clinical population of drug abusers, it has been sug-
gested that the need to coadminister drugs is determined by
the need for a specific subjective state change at any given
time (40). There are numerous reports demonstrating the
growth in polydrug abuse over the last 2 decades. If the coad-
ministration of drugs is motivated by an individual’s need for
the addition of incidental stimuli, and if this stimulus additiv-
ity is an important ingredient in the production of a particular
phenomenon leading to continued drug usage, then it should
be possible to demonstrate an idiosyncratic response to drug
administration in clinical populations as well.

Chait (5–7) and Chait, Uhlenhuth, and Johanson (8) have
investigated the individual differences in the subjective effects
produced by the single administration of psychomotor stimu-
lants including ephedrine, amphetamine, and methylpheni-
date. In these studies a number of factors appeared to contrib-
ute to the between- and within-subject responses to drug
administration, including gender, baseline mood measures,
personality characteristics, and drug history. As detailed in
Gauvin et al. (15), one of the clearest examples of the idiosyn-
cratic response to drugs of abuse within a clinical population
has been given by Kumor et al. (42). These authors used mul-
tidimensional scaling techniques to distinguish between three

distinct opiates—morphine, cyclazocine, and ketocyclazo-
cine—in a population of polydrug abusers. Goodness-of-fit
measures for the four distinct dimensions that best character-
ized the subjective effects of the three distinct opioids varied
across individual participants. For three of the participants all
four dimensions were important to classify the training drugs;
for one participant only one dimension (Dimension 1) was
important, and another dimension (Dimension 3) was irrele-
vant to classify the drugs; and for another participant that
same third dimension accounted for the largest portion of the
participant’s judgment, and the fourth dimension was totally
irrelevant. None of the 14 stimulus objects utilized by the
multidimensional scaling technique was responsive to the
quantitative dimensionality or dose relatedness of the infor-
mation. Kumor et al. (42) concluded that the dimensional or-
dering of morphine resulted from the large number of symp-
toms produced rather than any particular subjective effect of
morphine, such as euphoria.

The issue of “what is being attended to” during drug ad-
ministration is extremely relevant in the study of drugs as
stimuli, to the role these stimuli may play in a drug’s abuse lia-
bility, and to the intervention initiatives taken to reduce the
intake of drugs of abuse in the general population. During the
initial drug experiences subjects come to identify certain ele-
ments of their internal milieu and learn the language or par-
lance for those subjective experiences. The labeling of these
unique internal events occur without ever knowing if their
own subjective changes are identical to those around them.
The physiological and psychological changes labeled with the
terms “buzzed” or “rush” or “coasting” are subjective, be-
cause there is no objective reality to their assessment. Once
the terms are learned, the exact nature of the drug experience
becomes somewhat universal, yet the subjective experience
remains unique and idiosyncratic. Over repeated drug expo-
sures the subjective drug experiences may change, but the ad-
jective check list of terms used to identify their experiences
may not. When these subjects are brought into the lab and at-
tempts are made to characterize or objectively measure the
individual’s response to controlled drug administration the in-
dividual variability is identified.

McMillan, Sun, and Hardwick (44) have conducted se-
quential drug discrimination training procedures in pigeons.
They demonstrated that drug stimuli can continue to exert
stimulus control over behavior for extended periods, and that
the pigeons could maintain multiple drugs as cues for the
same response, even when these drugs were from different
pharmacological classes. Analogously, humans may learn
about many drug experiences and maintain the same verbal
response (i.e., buzzed, high, rush, etc.) to describe all of them.

The McMillan study used a number of drugs from diver-
gent pharmacological classes and clearly demonstrated that
subjects can attend to diverse arrays of stimuli through ex-
tradimensional training. The long series of training and re-
training appeared to direct the attention of the experimental
subjects to be overinclusive, resulting in a more global set of
arrays controlling the behavioral operant. If attentional mech-
anisms are involved in drug stimulus control, we would pre-
dict that these results could not be replicated if sequential
techniques were used with intradimensional training. There
are some basic tenets of perception, one of which is that it is
impossible to experience polar opposites in subjective experi-
ences; we cannot subjectively experience hot and cold, we
cannot simultaneously attend to figure and background in fig-
ure–ground relationships; and we cannot experience anxiety
and anxiolysis at the same time.
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We have recently completed a study examining the se-
quential training of the acute or intoxicating effects of ethanol
and ethanol-induced hangover on the premise that these two
pharmacological states represent bipolar ends of the anxiety-
relaxation continuum [cf, (14,16,18,19,21,22,27)]. We pre-
dicted that our results would differ from the McMillan study
with extradimensional stimulus training. The McMillan stud-
ies demonstrated that, through sequential training, 

 

d

 

-amphet-
amine, morphine, pentobarbital, and diazepam would main-
tain similar response choice profiles. Our prediction was that
subjects would not demonstrate similar response crossgener-
alization profiles between ethanol’s intoxicating effects and its
hangover effects. The basic premise of subjective experience
is that subjects cannot maintain the same response associated
with the perceived feelings of “relaxation” with the subjective
experience of “anxiety.” We predicted that through sequen-
tial training, the crossgeneralization profiles would shift from
the anxiolytic-like acute effects of ethanol to an anxiogenic-
like profile engendered by ethanol hangover.

Fourteen male Sprague–Dawley rats were trained to dis-
criminate the presence and absence of 1.25 g/kg ethanol (15
min ptmt.) in a 15-min two-choice food-reinforced procedure
[for more detailed training procedures, see (18,27)]. Once rats
met training criteria demonstrating stimulus control (

 

.

 

90%
accuracy for four consecutive sessions), they were tested in in-
dividual sessions with various doses of ethanol, chlordiazep-
oxide, and pentylenetetrazole. Figure 2 shows the crossgener-
alization profiles from this initial training. Ethanol and
chlordiazepoxide, drugs with an anxiolytic profile, engen-
dered a dose-dependent increase in the percentage of total
session responses emitted on the ethanol-appropriate lever.
Pentylenetetrazole, and anxiogenic agent, failed to generalize
with the ethanol training stimulus. At the completion of these
tests rats were retrained to press the same ethanol-appropri-
ate lever during periods of acute ethanol withdrawal or

“hangover.” Experimental hangover was induced by injecting
each rat with 4 g/kg ethanol 18 h before the training session
[see (18) for details]. Volume control saline injections were
administered on saline training days. The first training session
with the new “hangover” stimulus produced a majority of re-
sponses emitted on the saline- or default-appropriate lever.
Over successive training sessions subjects shifted their choice
lever-press responding over to the new “hangover”-appropri-
ate lever. Once rats demonstrated stimulus control by the
hangover cue the crossgeneralization profiles were redeter-
mined (Fig. 3). Tests with the previous training stimulus (1.25
g/kg ethanol, 15 min ptmt.) failed to engender any “hang-
over”-appropriate responding (the point labeled E-TD1 on
ethanol abscissa). After the second sequence of training, chlo-
rdiazepoxide engendered only saline- or default-appropriate
responding up to a test dose of 32 mg/kg. But more impor-
tantly, pentylenetetrazole now engendered a dose-related in-
crease in the percentage of session responses emitted on the
“hangover”-appropriate lever. The data are congruent with
the hypothesis that the sequential training of ethanol and
hangover stimuli shifted the attention of the experimental
subjects from the relaxation or anxiolysis end of the affective
continuum down to the polar opposite, anxiety, end of the di-
mension. We suggest that these data demonstrate that intradi-
mensional training may be one historical factor regulating the
subjective state changes occurring over repeated drug admin-
istration.

According to the traditional views of stimulus control
(45,52), the elemental features of complex stimulus events

FIG. 2. Stimulus generalization functions from training sequence
#1—the group mean percentage of total test session responses emit-
ted on the ethanol-appropriate lever are plotted as a function of the
test dose administered 15 min prior to the test session. The training
drug, ethanol, demonstrated a dose-dependent increase in the per-
centage of responses emitted on the ethanol-appropriate lever (left
panel). Chlordiazepoxide (CDP) partially generalized with the 1.25
g/kg ethanol training cue (center panel). Pentylenetetrazole (PTZ)
doses engendered exclusive responding on the saline- or default-
appropriate lever (right panel). Each point represents the mean of 14
rats. The point above the “S” on the ethanol abscissa shows the
results of the saline test session.

FIG. 3. Stimulus generalization functions from training sequence
#2—the group mean percentage of total test session responses emit-
ted on the “ethanol-delayed effect” (EDE)-appropriate lever are
plotted as a function of the test dose. High-dose pretreatments of the
training drug, ethanol, administered 18 h prior to the test session
demonstrated a dose-dependent experimentally induced hangover
that produced increases in the percentage of responses emitted on the
EDE-appropriate lever (left panel). Chlordiazepoxide (CDP) failed
to produce any crossgeneralization with ethanol hangover training
cue (center panel). Most interestingly, the second sequence in the
training resulted in full crossgeneralization with the anxiogenic drug,
pentylenetetrazole (right panel). Each point represents the mean of
14 rats. The point above the “E—TD1” on the ethanol abscissa shows
the results of the test conducted with the 1.25 g/kg ethanol training
dose used in the first sequence of training. The acute or immediate
effects of ethanol failed to generalize with the new hangover stimulus.
The * on the PTZ generalization function indicates a test dose that
induced clonic seizures during the pretreatment interval; therefore,
rats were not tested in the discrimination task.
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compete for limited associative strength so that control by one
element or stimulus dimension is gained at the expense of oth-
ers (11,12,38). Which specific stimulus dimension or set of di-
mensions captures the attention of the individual subject be-
comes a critical question when developing intervention
strategies. If drug-seeking or drug-taking behaviors come un-
der the control of interoceptive states, and if these internal
states are idiosyncratic in nature, then what is the likelihood
of developing a single therapeutic “magic bullet” which is 1)
functional, 2) demonstrates patient compliance, and 3) equiv-
alently blocks the internal cues produced by a given drug in all
drug takers? The current database suggests a minimal proba-
bility of success.

Because drugs of abuse represent a complex multidimen-
sional stimulus event, we question whether a single receptor
system adequately addresses the initiating events in the cas-
cade of drug-seeking and drug-taking behaviors. As first pro-
posed by Fetterman (11) for exteroceptive stimuli, we believe
the concept of the drug stimulus needs to be liberalized. Ani-
mals have evolved to cue into predictive variations in patterns
of stimuli (28,51); what may appear to be a highly complex
pattern within the tradition that holds that a stimulus is some-
thing discrete and momentary may be simple from the ob-
server’s point of view. A stimulus may consist of a pattern of
change or the relations between features. Current reductionist
approaches to stimulus control should be supplemented by
psychophysical analyses that relate behavior to higher order
stimulus events. Many ecologically relevant stimulus events

involve multiple sources of stimulus information that often
are not completely redundant predictors of positive reinforce-
ment. Approaches to the experimental analysis of drug stimulus
control that emphasize cue competition should be comple-
mented by those that consider the ways in which nonredun-
dant and incidental stimuli, that compose compound stimulus
events, influence drug-taking behaviors.
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