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ABSTRACT. Traditional psychological approaches to animal learning and behavior have
involved either the atheoretical behaviorist approach proposed by B. F. Skinner (1938), in
which input–output relations are described in response to environmental manipulations, or
the theoretical behaviorist approach offered by C. L. Hull (1943), in which associations
mediated by several hypothetical constructs and intervening variables are formed between
stimuli and responses. Recently, the application of a cognitive behaviorist approach to ani-
mal learning and behavior has been found to have considerable value as a research tool.
This perspective has grown out of E. C. Tolman’s cognitive approach to learning in which
behavior is mediated by mechanisms that are not directly observable but can be inferred
from the results of critical experiments. In the present article, the author presents several
examples of the successful application of the cognitive behaviorist approach. In each case,
the experiments have been designed to distinguish between more traditional mechanisms
and those mediated by hypothesized internal representations. These examples were select-
ed because the evidence suggests that some form of active cognitive organization is need-
ed to account for the behavioral results.
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BIOLOGISTS AND PSYCHOLOGISTS have approached the study of animal
behavior from different perspectives. These differences can be attributed in part
to differences in the nature of the questions they ask. The goal of biologists—typ-
ically, zoologists and behavioral ecologists—is to understand how animal behav-
ior contributes to survival and reproductive success. The behaviors of primary
interest have been those that are genetically predisposed or those that are typical
of the species. One would expect the behavior of different species to have varied
as they evolved in different environments and under different evolutionary pres-
sures. Thus, the goal of research would be to look for patterns or correlations
between environmental pressures and evolved behavior.
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Psychologists, on the other hand, have tended to approach the study of ani-
mal behavior primarily from the perspective of the flexibility of the individual
animal. The greater part of naturally occurring behavior in most animals, espe-
cially for those that live in relatively predictable environments, appears to be pre-
disposed (see Boice, 1973), and it is released by external events (e.g., hormones
that are produced in response to seasonal variations in sunlight or temperature).
But animals have also evolved to adjust their behavior to environmental variabil-
ity by reacting to behavioral consequences, and it is this behavioral plasticity that
is of primary interest to psychologists. The focus of psychologists on behavioral
plasticity can be traced to the remarkable flexibility of human behavior and the
attempt to model that behavior in other organisms. However, psychologists dif-
fer among themselves in how best to model flexible behavior.

Some psychologists propose that the best they can do with the current under-
standing of behavior is to describe the conditions under which behavioral conse-
quences can result in changes in the preceding behavior. These behavior analysts
(e.g., Skinner, 1938) believe that a full description of the conditions under which
behavioral change occurs is needed before one can propose mechanisms to
account for that change (Skinner, 1950). They prefer to treat the organism as a
“black box” and to study descriptively what happens to an animal’s behavior
when certain outcomes are contingent on changes in the pattern of its behavior. 

Other psychologists have proposed theories to account for the changes in
behavior that take place when hedonic events (e.g., food or shock) follow the
behavior. These theorists (e.g., Hull, 1943; Spence, 1937; Thorndike, 1911) have
postulated relatively simple mechanisms such as associations, drive, and incen-
tive that interact to account for the flexibility of behavior. Hull, in particular, pro-
posed that if one could specify the parameters of learning, one could make pre-
cise predictions of the course of its development.

Tolman (1932) proposed a cognitive approach to learning that exemplifies
one exception to the general trend in psychology to either avoid the postulation
of internal mechanisms or to propose relatively simple associative mechanisms
to account for learning. He allowed for the possibility that learning could be latent
and that it involves unobservable stimulus–stimulus associations that may
become overt only when a reward is available to provide the organism with a rea-
son to demonstrate what it has learned. He asserted that associations may occur
among arbitrary stimuli and when they do, they could result in the formation of
a cognitive map. He argued further that associations could develop between arbi-
trary stimuli and biologically important outcomes and that when they do, they
could result in a purposeful approach to behavior.

Tolman’s approach was criticized by others (he was seen by some as leaving
his rats “buried in thought,” Guthrie, 1952, p. 143). His critics questioned, How,
if an animal has a cognitive map, could one distinguish between the behavior pro-
duced by such a map and the behavior produced by observable stimulus–response
associations? In fact, the predictions that Tolman made in his cognitive approach
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are, under most conditions, indistinguishable from the more widely held stimulus–
response theories of his time. However, according to Tolman, one can demon-
strate these hypothetical unobservable associations by examining the results of
critical experiments that distinguished them from more directly observable
stimulus–response associations. Tolman’s approach differed from other behav-
iorist theories (Guthrie, 1935; Hull, 1943) of the time in that it allowed for
mechanisms that could not be observed directly and that had to be inferred from
the absence of alternative, more directly observable accounts. But it shared with
the other theories the identification of environmental and intervening variables,
and it was firmly grounded in observable behavior that was obtained from care-
fully controlled experiments. 

Tolman demonstrated his hypothesis—that learning could occur in the absence
of reinforced responding—in an experiment in which a rat was free to explore a
maze in the absence of external reward. He obtained evidence that the rat had
learned the spatial plan of the pathways by means of nonrewarded stimulus– 
stimulus associations after he demonstrated that when the rat was presented with
food that had been placed at a particular location in the maze, it immediately
approached that location on the next trial (Tolman & Honzik, 1939).

Tolman’s view—learning can occur in the absence of reinforced responding
and that the environment can be represented in the form of a cognitive map—
became the foundation of a more general cognitive behaviorist approach to ani-
mal learning and not only of the field of comparative cognition. He considered
himself a behaviorist, but his was an operational behaviorism in which cognitive
processes could play a role, and that was where he differed from the other behav-
iorists of his time. In fact, one gets the feeling that he developed his formal model,
which was based on intervening variables (see, e.g., Hilgard & Bower, 1966), as
an afterthought in an effort to gain credibility for his otherwise qualitative cog-
nitive theory at a time when Hull’s formal theory dominated the field of learning
(see Staddon, 2001, p. 17).

The cognitive behaviorist approach to animal learning and behavior became
more acceptable (e.g., Honig & James, 1971; Hulse, Fowler, & Honig, 1978; Jar-
rard, 1971) as research in human cognition became more prevalent (e.g., Treis-
man, 1969; Tulving & Donaldson, 1972). These animal researchers were attract-
ed to this approach because it could be traced to the premise that there was
continuity between species—that human capacities may be shared by many other
species—and that it was minimally driven by preexisting theory. Furthermore, it
became apparent that the investigation of the capacities of animals on the basis
of findings from research with humans had general heuristic value because these
investigations often generated hypotheses that could be tested with carefully con-
trolled experiments. The cognitive behaviorist approach is generally consistent
with what has come to be called the field of comparative cognition or animal cog-
nition (Roberts, 1998; Roitblat, 1987; Shettleworth, 1998). The approach is char-
acterized by the fact that it contrasts the predictions made by cognitive theories
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with those made by simpler stimulus–response theories. It differs from Skinner’s
functionalism in that it accepts the possibility that there are mental processes that
cannot be seen directly. However, unlike other cognitive approaches, it is not tied
to a particular theoretical position. Cognitive behaviorists are likely to ask what
experimental result would support a particular theory of cognitive functioning.
They would likely not prejudge that an animal would not need to have such a cog-
nitive ability, nor would they necessarily be surprised if they could not find any
evidence for such an ability. Although cognitive behaviorists are generally inter-
ested in theory testing, they are neutral in relation to any particular theory. When
the cognitive behaviorist approach is used appropriately, it is much like the theo-
retical behaviorism proposed by Staddon (2001) in that it is a way to examine pre-
sumed cognitive processes with the use of established behavioral procedures and
without lapsing into the subjective evaluation of underlying mechanisms.

For the remainder of this article, I describe several examples of the cognitive
behaviorist approach on the basis of an extrapolation from human research. I have
selected the specific cases because they represent good examples of this approach,
because their results are clear, and because, in most cases, they have led to
expanded areas of research. They are not meant to be comprehensive, only illus-
trative. It can be argued in each case that these experiments have led to a better
understanding of animal behavior, whether or not support can be found for the
hypothesized cognitive capacities.

To demonstrate the usefulness of the cognitive behaviorist approach, I
describe examples drawn from a broad range of problems that have been studied
in animals. In each case, although we have only a cursory understanding of the
cognitive processes that are involved, we are in a better position to explore them
in more detail.

Cognitive Maps

Novel paths. As I have noted, one of Tolman’s important contributions to animal
learning was the concept of a cognitive map. Tolman (1932) proposed that in a
food-motivated learning task, animals learn not only how to get food but also
where the food is relative to other locations in the environment. Thus, if a learned
path is blocked and a number of other paths are available, a rat will not merely
take the path that is most similar to the learned path, but it will likely take the
path that leads most directly to the goal (Tolman, Ritchie, & Kalish, 1946). Men-
zel (1978) reported related evidence that animals develop a representational map
of their environment. Menzel found that if a chimpanzee was carried over a cir-
cuitous path along which food was hidden at several places, when it was allowed
access to the area it could recover all of the food, and do so along a simpler and
more efficient path compared with the route along which it was carried.

Chapuis and Varlet (1987) reported perhaps the simplest and most straight-
forward demonstration of cognitive maps in animals. In this experiment with dogs,
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each dog was led on a leash from a starting point along a straight path in a large
field with no distinguishing landmarks and was shown a piece of food. The dog
was led back to the starting point and from there was led along a second path about
30° from the first path and was shown another piece of food. Again, it was led
back to the starting point and then released. If the dog had learned the specific
paths that led to food, it should have proceeded along one of the paths and then
returned to the starting point before it proceeded along the second path. Instead,
when the dog reached the first piece of food, it went directly to the place where
the second piece of food was located, without returning to the starting point. These
results suggest that the dog had some representation or cognitive map of the field
and after it had reached the first goal, it could consult that representation and esti-
mate the direction in which it needed to go to reach the second goal.

Lists versus maps. Suzuki, Augerinos, and Black (1980) reported further support
for the development of a cognitive map. They hypothesized that rather than form-
ing a cognitive map, animals might develop lists of places to which to go and of
places to which they had already been. In their experiment, rats were initially
trained on an eight-arm maze with highly distinctive movable cues at the end of
each arm. On test trials, the rats were forced to enter three arms (the rest were
blocked) and were then confined to the center platform for 2.5 min before they
were allowed to complete the trial. In one condition, all the cues were rotated
around the maze during the retention interval so that they maintained their rela-
tive positions (i.e., the configuration of cues remained the same). In a second con-
dition, the cues were moved randomly during the retention interval so that their
relative position was not maintained. In a control condition, the cues remained in
the positions they were in at the start of the trial.

If the rats had developed a cognitive map, the position of the arms they had
already entered should have provided the subjects in the rotation condition with
sufficient information about the orientation of the map for them to be able to com-
plete the maze with few reentry errors. But in the random-move condition, a cog-
nitive map would have been of little use and a greater number of reentry errors
should have occurred. If, however, the rats had learned a list of the arms they had
already entered and a list of those they had not yet entered, then they should have
done well in completing the trial with either kind of transformation because the
relative location of the arms should have been of little importance. Suzuki et al.
(1980) found that the performance of the rats on the rotated transformation was
similar to that of the rats in the control condition, whereas the rats in the random-
move condition made a large number of reentry errors. Thus, the relative location
of the arms appears to have provided an important cue. This finding supports the
hypothesis that rats develop a cognitive map when they perform such tasks. The
research suggests further that postulation of the development of a cognitive map
encourages researchers to design experiments that can distinguish between rep-
resentations and alternative hypotheses such as stimulus–response associations or
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lists of experienced and unexperienced items (such as the arms in the aforemen-
tioned example).

Perception/Attention

When researchers ask if animals have the ability to attend selectively to cer-
tain aspects of their environment while they attend less to other aspects, they use
the term attend in the sense of the internal filtering of certain elements of the envi-
ronment or the focus on others, rather than in a peripheral, receptor-orienting
sense. Thus, if animals can selectively attend, then it implies that they are active
and not passive processors of information.

Researchers have approached selective attention in animals in three differ-
ent ways, depending on the nature of the original question. When attention
appears in the context of an animal foraging for food, it takes the form of a cen-
tral representation of the food item for which the animal is searching (i.e., a
search image). Alternatively, one can ask whether an organism can attend to the
dimension that is defined by the discriminative stimuli as well as to the acquisi-
tion of specific response attachments (e.g., approach black, avoid white).
Researchers believe that this form of attention is a gradual process and that it
may take many trials to acquire. Finally, when attention in animals is viewed as
a model of human selective attention, the question is whether there is a limit to
the amount of stimulus input that can be processed by an animal in a brief peri-
od (i.e., whether, as with humans, there is a limit to the amount of information
that can be processed simultaneously).

Search image. Tinbergen (1960) was the first to report that birds that fed on two
different species of moths would often overrepresent in their diet the species that
occurred more frequently (i.e., they ate more of them than one would expect given
the frequency of the prey in the environment). Later in the season when the fre-
quencies of the two species were reversed, he again found that the species that
occurred more frequently was overrepresented in the birds’ diets. Tinbergen pro-
posed that the birds must have formed a search image (i.e., that they selectively
attended to a central representation) of the more frequently occurring species.
This correlational finding was later confirmed by laboratory research (Pietrewitcz
& Kamil, 1979; Reid & Shettleworth, 1992) and was shown to occur even with
arbitrary, symbolic targets such as letters of the alphabet (Blough, 1991). This
evidence that animals can form search images implies that they can expect to
encounter a particular food item and that such an expectancy can be as specific
as the small visual differences between closely related species of moth.

The function of the search image is presumably to make cryptic prey easier to
detect and thus provide more food for the predator. This hypothesis has been sup-
ported by laboratory research in which evidence of the formation of a search image
has been found only when the prey are relatively difficult to detect (Bond, 1983).



334 The Journal of General Psychology

Gradually acquired dimensional attention. Researchers studied a different form
of selective attention in response to the hypothesis that animals could not selec-
tively attend but instead formed associations between all aspects of the stimulus
environment and their consequences and not just with the relevant aspects (e.g.,
Spence, 1936). Thus, researchers asked if reinforcement associated with one
value of a stimulus dimension but not another (e.g., black positive, white nega-
tive) would cause animals to attend to that dimension more than they would attend
to others (e.g., spatial location, left vs. right; see Mackintosh, 1965). The evidence
has not always been consistent, but in general animals appear to be able to learn
selectively about relevant stimulus dimensions (Riley, 1968). For example, over-
training appears to increase attention to the dimension that is defined by the dis-
criminative stimuli, which facilitates reversal learning (Mackintosh). Similarly,
training on a simultaneous discrimination can facilitate the acquisition of a suc-
cessive discrimination that involves the same stimulus dimension, compared with
prior training on a simultaneous discrimination that involves a different stimulus
dimension (Lawrence, 1949, 1950).

If these experiments are to be put in the context of research with humans,
then this approach to selective attention can be thought of as a test of incidental
learning because learning about the relevant dimension is not necessary for task
performance. The fact that incidental learning may be sensitive to the particular
training conditions (e.g., the salience of the training dimension) may account for
the failure to find evidence for this kind of attention in some experiments (see,
e.g., Singer, Zentall, & Riley, 1969).

Shared attention. A different model of selective attention in humans is presented
in research in which, over the course of training, the participants understand that
attention to more than one dimension is a requirement of the task and in which
the stimulus processing time is restricted. Such research has shown that humans
do not process all aspects of the environment equally but are forced to attend
selectively (e.g., Lindsay, 1970). 

Similar results have been found when animal researchers have attempted
to develop analogous procedures in which attention must be divided between
two aspects of a stimulus that is presented briefly (Maki & Leuin, 1972; Riley
& Leith, 1976). For example, pigeons have been trained on a matching task in
which an initial stimulus (sample) indicates which of two test stimuli (or com-
parisons) is correct. They are trained with hues (e.g., if red choose red and if
green choose green) and line orientations (if vertical choose vertical and if hor-
izontal choose horizontal). When they are presented with compound samples
(e.g., a horizontal line on a red background) and the comparisons are either hues
or lines (see Figure 1), matching accuracy is poorer than when the samples are
a single hue or line element. This effect, known as the element superiority
effect, has been attributed to the limited processing capacity of the pigeon.
Riley and Roitblat (1978) hypothesized that pigeons can process the informa-
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FIGURE 1. Procedure used to study selective attention in pigeons. Matching
accuracy is generally poorer on compound-sample trials (right) than on ele-
ment-sample trials (left). ITI = intertrial interval.
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tion in an element sample better than they can in the two elements of a com-
pound sample. 

Although other accounts of the element superiority effect have been
offered, further research has shown that these alternative hypotheses do not ade-
quately account for the effect (see Zentall & Riley, 2000). Instead, the research
suggests that pigeons, much like humans, cannot process color and line orien-
tation as efficiently (i.e., as accurately given the same sample exposure time) as
they can process one dimension alone. Thus, there appears to be some degree
of central selectivity of stimulus input by pigeons—and likely by other animals
as well. And, as important, the shared-attention hypothesis encouraged the gen-
eration of alternative accounts that forced the refinement of experiments and led
to the current conclusion.

Working Memory

Early research on animal memory focused on the limits of the abilities of dif-
ferent species to remember an event over time (Hunter, 1913). Later research
questioned whether some of these findings could be explained in terms of exter-
nal mediators, such as the maintenance of body as orientation when the required
memory involved spatial location (Maier, 1929) or in terms of secondary rein-
forcers in the form of differential goal box cues (Grice, 1948). More recently,
animal-memory researchers have borrowed the notion of working memory from
human research (Honig, 1978). The idea that memory for recent events might be
maintained in an active working state has led researchers to ask whether animals
can exert control over what they remember. There is evidence that when pigeons
acquire delayed matching (see the left panel of Figure 1) in which the sample is
turned off for a period of time before the comparisons are presented, the birds may,
during the retention interval, spontaneously develop (without direct training or even
encouragement to do so) sample-specific behavior that appears to help them bridge
the delay (Zentall, Hogan, Howard, & Moore, 1978). Such overt mediating behav-
ior may serve the same function as rehearsal does for humans, but it may not require
the involvement of a central cognitive process. That is, idiosyncratic sample-
specific delay behavior may develop adventitiously, and this behavior may be
maintained because it results in improved delayed matching accuracy.

Directed forgetting. Perhaps more impressive is the finding that pigeons can exert
some control over what they remember without evidence of overt mediating
behavior (Grant, 1981). In research on control over memory in humans, the par-
ticipants are instructed to remember certain items and to forget others. MacLeod
(1975) presented participants with a list of words, one at a time, and they were
told that some of the words would be followed by the instruction to “forget” and
that those could be forgotten; whereas others would be followed by the instruc-
tion to “remember” and that they should not be forgotten. The participants were
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then tested for their memory for the “forget” and “remember” words. They
showed a deficit in remembering the words they had been instructed to forget,
compared with the words that they had been instructed to remember. 

One of the greatest challenges for animal researchers is to find an appropri-
ate substitute for the instructions that are given to humans (see Zentall, 1970,
1997). Instructions are most obviously needed in tasks such as directed forget-
ting in which subjects have to learn to expect that memory will be required on
some trials but not on others. Grant (1981) used a variation of matching-to-
sample to develop an analogous task to establish if pigeons could be directed to
forget. On some trials, the sample was followed by a cue that indicated that the
trial was over and that there would be no memory test (i.e., the cue was an instruc-
tion to forget). On other trials, the sample was followed by a different cue that
indicated that there would be a test (i.e., the cue was an instruction to remember).
On occasional probe trials, a forget cue was followed by a test trial (the sample
was followed by a forget cue and then by comparison stimuli; see Figure 2), and
on those trials, Grant found a substantial decrement in matching accuracy. 

Maki (1981) questioned whether the tasks were analogous because for the
pigeons, the forget cue signaled not only that memory would not be required but
also that food would not be available (Roper & Zentall, 1993). However, other
designs that provide a better model for the tasks that were used in research with
humans, demonstrated similar directed-forgetting results (Roper, Kaiser, & Zen-
tall, 1995; Zentall, Roper, & Sherburne, 1995). For example, Roper et al. found
clear evidence for directed forgetting. They used a training task in which forget
cues and remember cues were equally often associated with reinforcement but in
which not having to remember one sample did not eliminate the memory load; it
merely instructed the pigeon to remember something else. Thus, it appears that
memory in pigeons is not a completely passive process; it can be affected by the
expectation that memory retrieval will not be required.

The hypothesis that animals may have active control of their memory
processes led researchers not only to test that ability, but also to the development
of tasks that better represent the demands of comparable procedures used to
assess intentional forgetting in humans. Thus, the cognitive behaviorist approach
has implications for the study of similarities in the general abilities of species and
for the development of animal models of human cognition, even though its pre-
sumed purpose is that it promotes a better understanding of animal behavior.

The differential outcomes effect. Another cognitive approach to the study of
memory in animals is to ask if animals can anticipate the outcome of their behav-
ior and if that outcome anticipation can be used as a discriminative stimulus to
facilitate choice accuracy. Several traditional theories of learning view the role
of hedonic outcomes as affecting the learning process only indirectly by strength-
ening or weakening the association between the preceding stimulus and response
(Hull, 1943; Thorndike, 1911). However, Tolman (1932) argued that outcome
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FIGURE 2. Directed forgetting, omission procedure. In training, pigeons learn that
a test for sample memory will follow a “remember” cue (vertical line) but not a
“forget” cue (horizontal line). On probe trials in which a test follows the “forget”
cue, matching accuracy is generally poorer than on “remember” cue trials. ITI =
intertrial interval. Green → Vertical → Green trials and Red → Horizontal →
No Test trials are not shown.
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expectations were an integral part of what was learned (i.e., stimulus–outcome or
stimulus–stimulus learning). Crespi (1942) provided early evidence in support of
Tolman’s position. He found that rats that were shifted from a large to a small
magnitude of reward not only ran more slowly to the smaller reward but also ran
more slowly than did a control group of rats that had run to the smaller magni-
tude of reward from the start. This incentive-contrast effect suggests that the
expectation of a large reward resulted in relative contrast (a reaction that is anal-
ogous to human disappointment) when the rats encountered the smaller reward.

Research by Trapold (1970) indicated that outcome expectations can form
an integral part of learning and can act as cues to facilitate it. He found that rats
acquired a two-alternative conditional discrimination more quickly when the cor-
rect choice of one comparison alternative was followed by one outcome (e.g.,
food) and the correct choice of the other comparison alternative was followed by
a different outcome (water) than they did when either outcome was equally like-
ly to follow either correct comparison choice. These results suggest that outcome
expectancies can enhance comparison–stimulus discriminability. 

Later research demonstrated that animals could actually use outcome
expectancies as the sole basis for comparison choice (see, e.g., Peterson, 1984).
Peterson trained pigeons to match hue samples (red and green) to line compar-
isons (vertical and horizontal) with the use of a differential outcomes procedure
(Outcome A might be food, and Outcome B might be the absence of food; see
Figure 3). In the second phase of the experiment, the pigeons are trained on a
simple successive discrimination in which one shape stimulus (circle or triangle)
is associated with food whereas the other shape is associated with the absence of
food. Finally, when the shape stimuli replace the hues in the matching task, the
pigeons tend to choose the comparison associated with the expected outcome.
Thus, in the absence of explicit training with the shapes as samples, the pigeons
use the expected outcome after the shape stimulus as the basis for choosing
between the comparisons.

Evidence that outcome expectation can be the basis for comparison choice
provides important implications for the nature of events that can be held in mem-
ory. The traditional view, which has been held since Hunter (1913) reported his
important research, is that some explicit mediator (e.g., the animal’s behavior)
allows the animal to bridge the retention interval. More recently, other researchers
have proposed that a representation of the to-be-remembered stimulus might be
actively maintained during the retention interval and that the representation can
be retrieved at the time of testing (Honig & Thompson, 1982). If the stimulus that
is retained in memory is a representation of the event presented prior to the reten-
tion interval, then such memory is referred to as retrospective. On the other hand,
presentation of an initial event may result in the elicitation of the expectancy of
a future event. Memory that consists of a representation of a future event is
referred to as prospective. When humans make plans, they base their behavior on
the expectation of future events. Thus, evidence that outcome expectations can
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FIGURE 3. Differential outcomes procedure. Acquisition is generally faster
and memory better when the outcome following a correct comparison response
when the sample was red is different from the outcome following a correct com-
parison response when the sample was green. ITI = intertrial interval.
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control behavior suggests that pigeons may have a rudimentary ability to plan for
the future. However, this flexible, experience-based ability is different from the
genetically predisposed, released behavior (e.g., nest building) that may provide
the animal with a later benefit (i.e., a place to lay its eggs). 

Other examples of prospective memories. Recent evidence suggests that
prospective memories can consist also of response intentions and not only of
outcomes (Cook, Brown, & Riley, 1985). Cook and his colleagues trained rats
to enter each arm on a 12-arm radial maze and to not reenter arms (because once
they are entered, the food is eaten and reentries are not rewarded). After the rats
had mastered this task, the trials were interrupted by a delay. The point at which
the delay was inserted varied from trial to trial. The rats were allowed to com-
plete the trial after the delay. If the rats had retrospectively retained the locations
of the arms they had already visited, then the relative number of errors they made
after the delay should have increased because the point at which the delay was
introduced increased (the greater the number of arms to remember, the higher
the probability of an error). Similarly, if the rats had prospectively retained the
locations of the arms they had not yet visited, the number of errors they made
after the delay should have decreased because the point at which the delay was
introduced increased.

Cook et al. (1985) found that the probability of making an error increased as
the point at which the delay was introduced increased from 1 arm to 6 arms, but
when the delay was introduced after more than 6 arms, the probability of mak-
ing an error began to decrease (see Figure 4). The decrease in the probability of
making an error when the delay was introduced later in the trial suggests that the
rats were remembering prospectively the arms that had not yet been chosen. In
addition, the overall pattern of error probability suggests that after sufficient expe-
rience with the maze, the rats had developed a more complex strategy that com-
bined retrospective memory early in the trial with prospective memory late in the
trial and that this effectively reduced the animal’s memory load (but see Brown,
Wheeler, & Riley, 1989, for an alternative account).

Evidence that animals can develop either retrospective representations of
past events or prospective representations of future events suggests that they are
capable of a simple form of planning. Thus, when the trial is interrupted, not only
must the rats remember the arms that they have already visited and those that they
have not yet visited, but they must also decide which set of arms they should
remember—a decision that is presumably made on the basis of which set of arms
involves the smaller memory load.

Such findings are not unique to rats, which are known to be particularly good
spatial learners. Zentall, Steirn, and Jackson-Smith (1990) found inverted U-
shaped error functions similar to those found with rats when they used an analog
of the radial maze in which pigeons had to learn to peck a series of response keys
in any order, but in which choice of the same key twice during a trial was not rein-
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forced. Thus, this finding appears to have species and methodological generality.
Once again, the results suggest that animals have the ability to form repre-

sentations or to make simple plans. Furthermore, their performance on the radi-
al-maze task suggests that they are flexible enough to shift between responding
on the basis of working memory for places they have already visited and the inten-
tion to respond to places they have not yet visited.
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FIGURE 4. Following training on a 12-arm radial maze with food in each arm,
rats are removed from the maze for 15 min at various points in a trial and are
then permitted to complete the trial. The probability of an error (corrected for
opportunity and control trial error rate) first increases and then decreases,
suggesting that rats remember choices already made, retrospectively, early in
a trial and remember choices yet to be made, prospectively, late in a trial (see
Cook, Brown, & Riley, 1985).
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Common Representations

When two events are each associated with (or predict that) a response to a
third will be reinforced, an emergent relation may develop between them. For
example, when a child learns the properties of an object in its environment (e.g.,
a chair), it may also learn that a word (i.e., “chair”) can come to represent that
object. When this happens, typically, the word becomes symbolically substi-
tutable for that object. For example, one can now tell the child, “Put the ball on
the chair,” and the command will be understood.

The conceptual interchangeability of objects and the symbols or words that
represent them suggest that the two have become commonly represented or that
they are functionally equivalent. Animals may be capable of a similar form of
symbolic representation even though they do not have natural language. In the
following sections, I describe the designs of several experiments that have been
conducted to demonstrate the emergent relations that develop between stimuli
that have been associated with a common event.

Transfer of training. One can train pigeons in a matching task to associate each
of two samples with a common comparison—a task that is sometimes referred to
as many-to-one matching. For example, a circle comparison is correct when the
sample is either a red hue or a vertical line, and a dot comparison is correct when
the sample is either a green hue or a horizontal line (see Table 1). One can then
ask if the pigeon represents the red hue and the vertical line similarly. To answer
that question, one could take a pair of those samples, say red and green hues, and
associate them with new comparisons, say blue and white hues, respectively. If,
without further training, the pigeons chose the blue hue when the sample was a

TABLE 1
Common-Coding–Three-Phase Transfer Design

Training

Original Interim Transfer test

Red → Circle Red → Blue
Vertical→ Circle Vertical → Blue?
Green → Dot Green → White
Horizontal → Dot Horizontal → White?

Note. During original many-to-one training, pigeons are presumed to rep-
resent samples associated with the same comparisons similarly. Evidence
for such common coding is obtained by training the pigeons on an interim
task in which one pair of samples (red and green) are associated with new
comparisons (blue and white) and then testing the pigeons for emergent
associations between the remaining (vertical and horizontal) samples and
the new blue and white comparisons.
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vertical line and a white hue when the sample was a horizontal line, then one
would have evidence for the common representation of the red hue and the ver-
tical line and the common representation of the green hue and the horizontal line.
Urcuioli, Zentall, Jackson-Smith, and Steirn (1989) found significant transfer of
training when they conducted such an experiment.

It is important to note that in the aforementioned example, the samples that
were associated with a common comparison (i.e., the red hue and the vertical line,
as well as the green hue and the horizontal line) were selected to be physically
different. One could even argue that those stimuli were less similar to each other
than they were to at least one of the stimuli associated with the other compari-
son (e.g., the vertical line and the horizontal line). Thus, the transfer of training
that was found could not be attributable to generalization on the basis of stimu-
lus similarity.

Discriminability of common representations. Further evidence for the common
representation of samples associated with the same comparisons comes from con-
vergent results from other experiments. For example, if samples that are associ-
ated with a common comparison are commonly represented, one might expect
those samples to be more difficult to discriminate from each other than are the
samples associated with two different comparisons. Kaiser, Sherburne, Steirn,
and Zentall (1997) tested this hypothesis when they trained pigeons on a four-
stimulus successive discrimination after training with the many-to-one matching
that is described in the aforementioned transfer-of-training experiment. For the
consistent group, two presumably commonly represented samples were associat-
ed with reinforcement (positive stimuli) and the other two commonly represent-
ed samples were not associated with reinforcement (negative stimuli), for exam-
ple, red+, vertical+, green−, horizontal−. For the inconsistent group, the
presumably commonly represented samples were mixed. That is, for each pair,
one was positive and the other negative (e.g., red+, vertical−, green−, horizon-
tal+; see Table 2). Kaiser et al. found that pigeons in the consistent group acquired
the successive discrimination significantly faster than did pigeons in the incon-
sistent group. This finding supported the hypothesis that the pigeons commonly
represented the samples that were associated with the same comparison.

Partial versus total reversal. In a similar vein, if many-to-one matching results in
the development of common representations, it should be more difficult for the
subjects to reverse one pair of those associations (e.g., the associations involving
the vertical and the horizontal line samples) than it should be to reverse both pairs
of associations (i.e., the associations involving both the line samples and the hue
samples; see Table 3). According to this hypothesis, the partial reversal should be
more difficult because the subjects would have to disrupt the common represen-
tations to reassign the line-orientation samples to new comparisons, while they
presumably leave the hue-sample associations intact. In the case of the total rever-
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sal, if the hypothesis is correct, the subjects should be able to maintain the com-
mon representations and simply assign each of them to the new comparisons.
Zentall, Steirn, Sherburne, and Urcuioli (1991) found that, consistent with this
hypothesis, the partial reversal was significantly more difficult to acquire than
was the complete reversal.

Retention functions. Further support for the common-representation hypothesis
comes from research that has examined the retention functions when delays are
introduced between the offset of the samples and the onset of the comparisons.
First, hue samples are typically more easily remembered than are line-orienta-

TABLE 2
Design of Common-Coding Experiment:

Discriminability of Common Representations

Simple successive
discrimination training

Original training Consistent Inconsistent

Red → Circle Red+ Red+
Vertical→ Circle Vertical+ Vertical–
Green → Dot Green– Green–
Horizontal → Dot Horizontal– Horizontal+

Note. Following many-to-one matching training, discriminability of pre-
sumably commonly coded stimuli (inconsistent) is compared with dis-
criminability of stimuli presumably coded differently (consistent).

TABLE 3
Design of Common-Coding Experiment:

Partial Versus Total Reversal

Reversal

Original training Partial Total

Red → Circle Red → Circle Red → Dot
Vertical → Circle Vertical → Dot Vertical → Dot
Green → Dot Green → Dot Green → Circle
Horizontal → Dot Horizontal → Circle Horizontal → Circle

Note. Following many-to-one matching training, for one group one mem-
ber of each pair of presumably commonly coded stimuli is reversed (par-
tial reversal) and for the other group both members of each pair of pre-
sumably commonly coded stimuli are reversed (total reversal).
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tion samples (Farthing, Wagner, Gilmour, & Waxman, 1977; Urcuioli & Zentall,
1986). However, if many-to-one training resulted in the common representation
of samples that are associated with the same comparison (e.g., a red hue and a
vertical line), one would expect that differences in the rate of forgetting on line-
orientation and hue-sample trials should be greatly reduced. Zentall, Urcuioli,
Jagielo, and Jackson-Smith (1989) reported an effect that was consistent with
this hypothesis.

Interference and facilitation. Zentall, Sherburne, and Urcuioli (1993) reported
additional evidence for the common representation of samples that are associat-
ed with the same comparison. They used a design similar to that devised by
Urcuioli et al. (1989) to train pigeons in many-to-one matching. They trained the
pigeons to associate one pair of those samples (e.g., red and green hues) with new
comparisons, and after acquisition, they introduced a delay interval between the
offset of the sample and the onset of the comparisons. When the remaining sam-
ples from original training (i.e., vertical and horizontal lines) were inserted into
the retention interval between the offset of the sample and the onset of the com-
parisons, relative to no interpolated stimulus (see Table 4), Zentall et al. found
that there was facilitation of matching when the interpolated stimulus had been
associated with the same comparison in original training (e.g., vertical lines fol-
lowing a red sample), whereas interference was found when the interpolated stim-
ulus had been associated with the other comparison in original training (e.g., hor-
izontal lines following a red sample).

TABLE 4
Design of Common-Coding Experiment: Interference and Facilitation

Training

Original Interim and delay Delay testing

Red → Circle Red → Blue Red – [Dark(0)] → Blue
Vertical→ Circle Red – [Vert(+)] → Blue

Red – [Horiz(–)] → Blue
Green → Dot Green → White Green – [Dark(0)] → White
Horizontal → Dot Green – [Horiz(+)] → White

Green – [Vert(–)] → White

Note. Following many-to-one matching training, and interim training in which one member of each
presumably commonly coded pair is associated with a new comparison stimulus, the remaining sam-
ples from original training are inserted into the retention interval between the offset of the sample and
the onset of the comparisons to assess facilitation (if during original training the inserted stimulus
was associated with the same comparison as the sample) and interference (if during original training
the inserted stimulus was associated with a comparison different from the sample relative to no insert-
ed stimulus [Dark]).
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The experiments that are described in this section on common representa-
tions all start with a training phase that involves many-to-one matching. In my
attempt to provide a rationale for each experiment, I argued that if samples that
are associated with a common comparison were similarly represented, those com-
mon representations should have properties that are different from those of the
stimulus representations. This strategy has resulted in a series of experiments that
involve many-to-one matching and that have provided a body of convergent evi-
dence for the development of common representations.

What Is the Nature of the Common Representation?

The terminology that one uses to describe a phenomenon may influence the
kinds of questions one asks about the phenomenon. For example, one can
describe the results of many-to-one matching in terms of the emergent relations
that develop between samples that are associated with the same comparison.
Alternatively, if one considers those samples as being commonly represented one
may ask if the nature of the common representation can be specified. A curious
finding first reported by Maki and Hegvik (1980) may provide a tool that can be
used indirectly to assess the nature of the representation (see also Colwill, 1984;
Grant, 1991) even though the direct assessment of the hypothesized common rep-
resentation is not likely to be possible.

Typically, if one introduces a delay between the offset of the sample and the
onset of the comparisons after matching training with, say, hue samples, the
resulting retention functions for trials that involve the two samples tend to be par-
allel and overlapping. However, Maki and Hegvik (1980) found that when they
trained pigeons to match food as one sample and the absence of food as the other,
and then inserted delays between the offset of the sample and the onset of the
comparisons, the retention functions on food-sample trials were different in slope
from the retention functions on absence-of-food trials. As the retention interval
increased, the food-sample retention functions were steep, whereas the absence-
of-food-sample retention functions were shallow. The fact that matching accura-
cy on food-sample trials often declined to a level below 50% correct (see Grant,
1991) suggested to researchers that the pigeons had adopted a single-
code–default-coding strategy. That is, on food-sample trials, the pigeons coded
(or represented) the food sample, and, if they could remember it, they chose the
comparison stimulus associated with that sample. On absence-of-food-sample tri-
als, however, no stimulus was coded and the pigeons chose the alternative com-
parison by default. Thus, as the retention interval increased, when the pigeons
forgot the food sample they chose the alternative comparison with increasingly
greater probability. On the other hand, on absence-of-food-sample trials, because
no stimulus was coded, there was no opportunity for forgetting and matching
accuracy remained high.

It is not important for the present purpose to establish whether the pigeons’
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adoption of a single-code–default-coding strategy is necessary to account for the
findings of Maki and Hegvik (1980). It is only important that the retention func-
tions for food- and absence-of-food sample trials diverge, whereas the typical
retention functions for hue sample trials are parallel and overlapping.

We can now return to the original question. What is the nature of the com-
mon representation of samples that are associated with the same comparisons?
If pigeons are trained on many-to-one matching with food and the absence of
food as one pair of samples and red and green hues as the other pair of sam-
ples, one can examine the retention functions for trials involving each pair of
samples. If samples that are associated with the same comparison are com-
monly represented, then the slopes of the retention functions for the trials that
involve those samples should be similar. One possibility is that all of the reten-
tion functions would be parallel and overlapping because the food- and
absence-of-food-sample retention functions would conform to the retention
functions for trials that involve the hue samples. Alternatively—and perhaps
because of the salience and importance of food for the pigeon—the hue-sam-
ple retention functions would conform to the retention functions for trials that
involve food and the absence of food as samples, and both pairs of retention
functions would be divergent. That is, in fact, what Zentall, Sherburne, and
Urcuioli (1995) found (see Figure 5).

Results that are consistent with the common-representation hypothesis have
also been found in an experiment in which the presence–absence samples con-
sisted of a nonhedonic event (the presence vs. the absence of a hue) and the other
pair of samples consisted of shapes (a small vs. a large circle). The divergent
retention functions that were found for trials involving the presence–absence sam-
ples were also found for trials involving the shape samples (Neiman & Zentall,
2001), although the retention functions were somewhat different from those
reported by Zentall, Sherburne, and Urcuioli (1995) perhaps because of the
reduced salience of the presence–absence.

Samples that are associated with a common comparison are not only simi-
larly represented by the pigeon, but each representation appears to take the form
of one of the samples. Furthermore, the results of the two experiments that have
been described suggest that the representation is based on the more salient (or
perhaps the more meaningful) of the two samples.

Results that support the hypothesis that pigeons may commonly represent
samples associated with the same comparison also can be viewed as evidence that
pigeons can develop symbolic representations that are analogous to the meaning
that is ascribed to words in human language. In the case of many-to-one match-
ing by pigeons, it appears that a vertical-line sample can come to represent a red-
hue sample, in much the same way that a word can come to represent an object.
And just as the word can be substituted for the object in some situations, so too
can the vertical-line sample be substituted for the red-hue sample in the transfer
of training design.
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Transitive Inference

The transitive inference task comes directly from research in which a child
is asked, “If Alice is taller than Barbara and Barbara is taller than Carol, who is
taller, Alice or Carol?” The rationale for this task is that a correct response to the
question should require the child to use Barbara as a mediator to arrive at a log-
ical solution to the problem. This is seen more readily when the problem is pre-
sented in its more general form: If A > B, and B > C, then A > C. 
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FIGURE 5. The nature of the common codes can be inferred from the reten-
tion functions obtained following training on many-to-one matching, with food
and absence-of-food samples (which typically yield divergent retention func-
tions) and red and green hue samples (which typically yield parallel retention
functions). The present retention functions from Zentall, Sherburne, and
Urcuioli (1995) suggest that the hue samples were represented as samples of
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Developmental psychologists recognized that there might be a simpler solu-
tion to the problem for which a logical solution is not required when it is pre-
sented in this form because Alice is taller than someone, but Carol is not (see
Bryant & Trabasso, 1971). Thus, this solution does not require the child to use
Barbara as a mediator. Researchers have addressed the possibility that children
might use this nonmediational solution by adding a term at either end of the chain
to make it a 5-term problem: “If Alice is taller than Barbara and Barbara is taller
than Carol and Carol is taller than Diane and Diane is taller than Edith, who is
taller, Barbara or Diane?” In this case, both Barbara and Diane have been cast in
the role of “taller than” in one of the propositions (as well in the other role in one
of the propositions). When Bryant and Trabasso tested children on this form of
the task, they found clear developmental differences.

A nonverbal analog of the transitive inference task. The verbal nature of the tran-
sitive inference task gives it the quality of being a purely relational task. In the
aforementioned example, one does not have to know anything about the absolute
height of any of the individuals in the problem to arrive a correct solution. This
makes it difficult to conceive of a way in which the task could be modified for
use with animals. However, McGonigle and Chalmers (1977) reasoned that the
propositions that were provided to humans could be translated into simple simul-
taneous discriminations as long as the absolute value of each of the items in the
list was comparable. This could be accomplished by using the 5-term task, by
training with four discriminations—for example, A+B−, B+C−, C+D−, D+E− (in
each case, + indicates the correct stimulus and − the incorrect stimulus)—and by
testing with the BD pair. The rationale is that such training might establish the
ordering of stimuli that involve the relation “better than,” such that A is better
than B, B is better than C, C is better than D, and D is better than E. Furthermore,
the B and D stimuli would never have been presented together in training, and
each one would have been a positive stimulus in one discrimination (B+C− and
D+E−), and a negative stimulus in another (A+B− and C+D−). McGonigle and
Chalmers trained monkeys on these simultaneous discriminations and when they
tested them with the BD pair, they found that the monkeys showed a significant
preference for B over D. 

In later research, it was reported that chimpanzees (Gillan, 1981), rats (Davis,
1992), and even pigeons (Fersen, Wynne, Delius, & Staddon, 1991) showed sim-
ilar transitive choice. Thus, transitive choice has been found in a variety of species.
Furthermore, several manipulations of the stimulus pairs support the conclusion
that inferences develop, at least in chimpanzees (Gillan). Gillan extended the series
by adding a fifth pair of stimuli (i.e., E+F−), and he found that the chimpanzee
showed a preference for B over E, and C over E, as well as B over D. But when
he created an ambiguous (logically impossible) ordering by training F+A−, he
found that the chimpanzee was indifferent when it was tested for those same rela-
tions (BE, CE, and BD). Furthermore, the three test preferences returned (i.e., B
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over E, C over E, and B over D) when he reversed the last-trained link (i.e., by
training A+F−).

Value transfer as an alternative account. Sometimes the value of a cognitive
hypothesis, such as transitive inference, is to provoke others to consider alterna-
tive accounts of an otherwise poorly understood phenomenon. Fersen et al.
(1991), for example, suggested that such a transitive choice may not reflect the
development of a true transitive inference because a form of stimulus general-
ization (or transfer of value) between the positive and negative stimulus in a
simultaneous discrimination could provide an alternative account. According to
this view, whenever a simultaneous discrimination is acquired, some of the value
of the S+ transfers to the S− with which it appeared, even though the two test stim-
uli are likely to have the same direct value associated with them because each was
designated as an S+ and an S−. However, Fersen et al. reasoned that Stimulus A
should have had more value to transfer to Stimulus B than Stimulus C had to trans-
fer to Stimulus D because Stimulus A appeared only as an S+, whereas Stimulus
C appeared as an S+, in the context of Stimulus D, and as an S− in the context of
Stimulus B. Fersen et al. suggested that it was the differential transferred value
that accounted for the stimulus preference for B over D on BD test trials.

Zentall and Sherburne (1994) have reported that direct tests of this hypothe-
sis demonstrated that such transfer of value can occur. That is, if pigeons are
trained on two simultaneous discriminations in which the two positive stimuli
have different values (e.g., A100B0 and C50D0, where the subscript indicates the
probability of reinforcement given a response), then on test trials the pigeons reli-
ably prefer B over D. Zentall, Sherburne, Roper, and Kraemer (1996) later report-
ed that the mechanism by which value appears to transfer from the S+ to the S−
with which it was presented is likely to be Pavlovian higher order conditioning.
That is, after training, the appearance of Stimulus B signals the presence of the
higher quality Stimulus A, whereas the appearance of Stimulus D signals the pres-
ence of the lower quality Stimulus C.

Transitive inference in the absence of differential value transfer. Weaver, Steirn, and
Zentall (1997) argued that such results did not rule out a preference on test trials
on the basis of some form of linear ordering of the stimuli (or inference), even
though value transfer appears to provide a more parsimonious account of previous
findings on transitive inference. In a set of three experiments, Weaver and col-
leagues presented pigeons with a series of four simultaneous discriminations that
maintained the appropriate sequential “better than” relation among them, and at the
same time they attempted to eliminate differential value transfer from the stimuli
with which the test stimuli were paired in training. To equate the test stimuli for
transferred value, they trained the pigeons with the following simultaneous dis-
criminations: A50B0, B100C50, C50D0, and D100E50. Thus, A and C should have had
comparable value to transfer to B and D, respectively. Furthermore, training with
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these values should have maintained the A > B, B > C, C > D, D > E relation that
is presumed to be needed to obtain a transitive choice. When pigeons that had been
trained in this way were given BD test trials, they still showed a significant prefer-
ence for B over D. Thus, in spite of the presumed nondifferential value transfer to
the test stimuli, a significant transitive choice was found.

Regardless of whether further research supports the hypothesis that pigeons
can create a relative linear ordering of the value of stimuli following simultane-
ous discrimination training of the kind described here, the fact that researchers
asked if such learning was possible led them to carry out further experiments on
transitive choice. And the results of those experiments can be applied to the pre-
sumably related phenomenon of value transfer (see Zentall & Clement, 2001),
and not only to the original question of transitive inference.

Imitation

The study of imitative learning by animals has been of interest to researchers
in part because the mechanism that is thought to be responsible for such learning
in humans is one that is supposed to become available to children only as they
reach the concrete operational stage of cognitive development (i.e., at 5–7 years).
Piaget (1955) asserted that true imitative learning requires that the observer be
able to “take the perspective” of the demonstrator. He reasoned that a young child
does not yet understand the relation between its own body (especially unseen
body parts), and the bodies of others. Thus, according to Piaget, if an adult says,
“Do this” while placing his hand on his own head, young children would proba-
bly not be able to comply because they do not understand what to do to create
the same result. Older children, however, know the relation between unseen body
parts and can achieve the goal—a goal that can be described as a body position
that would be judged by a third party to be similar to that of the adult.

If perspective taking is a necessary mechanism for the ability to learn through
imitation, it is unreasonable to expect that animals (with the exception perhaps
of the great apes and also dolphins) will be able show such learning. On the other
hand, perspective taking may not be necessary or there may be some precursor
of perspective taking that is sufficient to support imitative learning. The defining
characteristic of imitation is that the behavior of the demonstrator should deter-
mine the behavior of the observer, rather than of other associated variables. In
any case, the search for imitative learning is an empirical question that requires
the careful exclusion of other forms of social influence and social learning (see
Zentall, 2001). Many of these extraneous variables can be identified and their
effects either avoided or controlled.

As will become apparent, the question of whether animals are capable of imi-
tative learning has led to the identification of numerous socially mediated mech-
anisms that can produce behavior change. Thus, the question of imitation by ani-
mals has had considerable heuristic value.
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Social Influence

Contagion. Certain kinds of species-typical behavior can be released by the pres-
ence of another animal of the same species (a conspecific) engaged in that behav-
ior. For example, a sated animal in the presence of food can be induced to eat imme-
diately by the introduction of a hungry conspecific. In humans, yawning and
laughing are both behaviors that can be released by the presence of others engaged
in either of those activities. Thus, to control for species-typical released contagion,
the behavior that one selects to be imitated should be relatively arbitrary.

Social facilitation. The effect on task performance of the mere presence of a con-
specific can be either facilitative or detrimental (Zajonc, 1965). Zajonc has sug-
gested under what conditions facilitation should occur, but it is still important to
control for whatever effects the presence of a conspecific might have.

Fear or stress induction. When demonstrators acquire or perform tasks that are
motivated by attempts to avoid aversive stimulation, they may display behavior
that is indicative of pain or fear, and such behavior may induce a similar reaction
in the observer. The induced motivational state of the observer may affect the rate
at which the observer acquires the avoidance response in a way that would not be
considered imitative learning (e.g., Kohn & Dennis, 1972).

Social Learning

Matched dependent behavior (discriminated following). Rats can learn to follow
other rats to food (Church, 1957), but such discriminative learning is different
from imitation because it is acquired through differential reinforcement of the
choices of the observer during the period of observation. Although the demon-
strator provides a social stimulus that may release affiliative behavior and facili-
tate acquisition, one could also train the observer with the use of any salient cue
(e.g., a block of wood that the observer would be rewarded for following), and
one would not consider such learning to be imitative. 

Local enhancement. Learning can be facilitated by the observation of a conspe-
cific performing a response, such as pressing a bar for food, because the demon-
strator’s behavior causes the bar to move and that draws the observer’s attention
to the bar. One way to avoid the effects of local enhancement is to use what has
been referred to as the duplicate cage apparatus (Warden & Jackson, 1935). With
this procedure, the demonstrator and the observer both have bars to press, and
because the observer’s attention is drawn to the demonstrator’s bar by the move-
ment, the observer’s attention should be drawn away from its own bar and its
learning should be retarded. Zentall and Levine (1972) used the duplicate cage
apparatus and compared the acquisition of bar pressing by rats that observed
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another rat pressing a bar for reward with the bar-press acquisition of rats that
observed (a) another rat obtaining reward without having to press a bar, (b) anoth-
er rat neither pressing a bar nor obtaining reward (a social-facilitation control
group), and (c) an empty chamber (a trial-and-error control group).

Zentall and Levine (1972) found that rats that observed another rat pressing
a bar for reward acquired the bar-pressing response the fastest, and rats that
observed another rat neither pressing a bar nor obtaining reward acquired the bar-
pressing response the slowest. Those that observed another rat obtaining reward
without having to press a bar acquired the bar-pressing response at a rate between
the fastest and slowest groups (see Figure 6). However, rats that observed an empty
chamber acquired the bar-pressing response faster than did the social-facilitation
controls and as fast as the rats that observed the demonstrators drinking water.
Apparently, the mere presence of another rat retards acquisition but if that other
rat is engaged in a behavior that is relevant to the observer’s state of motivation,
it is sufficient to overcome the negative effects of the demonstrator’s presence.

Stimulus enhancement. Galef (1988) noted that experiments that are conducted
in the duplicate cage apparatus may rule out local-enhancement effects, but the
similarity between the demonstrator’s bar and the observer’s bar could lead to
generalization or stimulus enhancement, which would result in the observer’s
attention being drawn to its own bar as well. The possibility of facilitation of
learning through stimulus enhancement presents a problem for the study of imi-
tation in animals because at a conceptual level it is important that the two bars
and the responses to them look alike; otherwise the observer may not understand
the relevance of the demonstrator’s response.

Emulation of affordances. Finally, there should be a distinction between imita-
tion and the emulation of affordances. Affordance emulation refers to the effect
that the demonstrated response has on the environment. It refers to learning, but
it is learning how things work—unlike local enhancement, which refers to the
attention-getting value of the movement observed. For example, Bunyar and
Huber (1999) allowed marmosets to observe conspecifics entering a food box
through a door that was hinged at the top by pulling it toward themselves or push-
ing it away from themselves. The observers generally opened the door in the way
in which they had seen it demonstrated, but they could have learned through
observation of “how the door works” rather than from the demonstrator’s move-
ments that were required to open the door. 

True Imitation

The two-action method. Dawson and Foss (1965) reported that when they allowed
budgerigars (a variety of parakeet) to discover how to remove a cardboard cover
from a food container, the birds learned to remove the cover in different ways,
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either by pushing or flipping the card with their beaks or by pulling the card with
their claws. Of greater interest, each observer removed the card in the way in
which it had seen its demonstrator do it. These results, as with those of Bunyar
and Huber (1999), can be accounted for in terms of affordance emulation because
the cards moved in different ways for each of the three different behaviors. How-
ever, a variation of this procedure in which the two responses have the same effect
on the environment cannot be explained in this way (Zentall, Sutton, & Sher-
burne, 1996). In this experiment, demonstrator pigeons either stepped on a trea-
dle or pecked at the treadle to obtain a food reward. Observer pigeons that
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watched only one response showed a significant tendency to respond in the same
way in which they had seen the demonstrator respond. Akins and Zentall (1996)
repeated this experiment with the use of Japanese quail, which is a more afflia-
tive species, and they reported even larger imitation effects. Thus, at least pigeons
and Japanese quail appear to show clear evidence of imitative learning (see also,
Akins & Zentall, 1998; Dorrance & Zentall, 2001).

These experiments cannot help determine whether perspective taking plays
a role in birds’ ability to learn. However, given the fact that such an ability does
not appear in humans until they are about 5 years old, one should consider the
possibility that information is transmitted by the demonstrators to observers in
ways that we may not be able to specify at this time.

The value of research on imitative learning in animals goes beyond the cog-
nitive implications of imitation. Researchers have identified several mechanisms
of social influence and social learning in their attempts to define which process-
es should not qualify as imitation. These phenomena, which are worthy of exam-
ination in their own right, had not been well defined or studied in earlier research.
Furthermore, research on imitation in animals has implications for the study of
imitative learning by humans. There has been no attempt to separate imitative
learning by children from other social influences that are known to affect learn-
ing, although it is clear that even very young children are capable of imitating.

Work Ethic

If one can develop an analogy to a cognitive task that has been used with
humans and can show similar behavior in animals, then three possible conclu-
sions can be drawn. First, it may be that animals are capable of a greater degree
of cognitive behavior than researchers had thought. In the case of research on cog-
nitive maps, it would appear that animals such as rats and dogs have some abili-
ty to represent space to the extent that they can take novel paths that lead more
directly to reward.

Second, it is possible that the analogy is not a good one. In the case of the
analogy to the transitive inference task, it may be that a simple simultaneous dis-
crimination (of the type, red is correct, green is incorrect) is not sufficiently sim-
ilar to a verbal proposition (of the type Alice is taller than Barbara). Further
research may clarify whether the two tasks produce similar results.

Third, it may mean that there is a simpler account of the behavior in humans
and that the research with animals may make it more likely that a simpler account
is considered. I think that the “work-ethic” effect in animals is such a phenome-
non. Work ethic, which is sometimes referred to as overjustification of effort
(Aronson & Mills, 1959), can be described as the greater value given to a reward
when the reward is difficult to obtain. The phenomenon of work ethic is part of
a more general phenomenon known as cognitive dissonance (Festinger, 1957),
and it has been attributed to the dissonance that arises when an individual works
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hard for a reward that may not otherwise be worth the effort. According to this
theory, although it would be difficult to deny that the work was done, to resolve
the dissonance, it would not be so difficult to subjectively adjust the value of the
reward upward. The notion of dissonance between behavior and beliefs and the
idea that humans should want to resolve that dissonance appear to require a rather
complex human motivational system, one that is mediated by social learning. If
humans need to show consistency between their beliefs and their behavior, it is
probably because such consistency is valued by others (i.e., it is probably social-
ly rewarded). But it would be hard to imagine such complex socially mediated
cognitive behavior in a pigeon. 

Clement, Feltus, Kaiser, and Zentall (2000) reported evidence that was con-
sistent with the finding of work ethic. They trained pigeons on a task in which
trials started with the presentation of a circle projected on the center response key.
On half of the trials, a single peck was sufficient to turn off the circle and pro-
ject, for example, red and yellow on the side keys. A response to red was rein-
forced, and a response to yellow was not. On the remaining trials, it took 20 pecks
to turn off the circle and to turn on green (correct) and blue (incorrect) side keys.
When the pigeons were allowed to choose between red and green after training,
they preferred the green. Thus, the pigeons preferred the positive stimulus that
followed the greater effort (20 pecks) over the positive stimulus that followed the
lesser effort (1 peck). This effect is directly analogous to the overjustification-of-
effort effect reported by Aronson and Mills (1959), in which humans were found
to give greater value rewards (e.g., membership in a club) when it was harder to
qualify for membership than when it was easier to qualify for membership. Or as
Groucho Marx is reputed to have said: “I would not want to belong to a club that
would have me as a member.”

This effect may result from an attempt to resolve the dissonance between
beliefs and behavior in humans, but it is unlikely to do so in pigeons. In the case
of pigeons, one would first look for a simpler account. There is a substantial body
of literature by researchers who have found that behavior is based not only on the
absolute value of the outcome obtained but also on the difference between the
value of the outcome expected and that of the outcome actually obtained—the so-
called contrast effects (Flaherty, 1996). Procedures in which contrast has been
reported differ considerably, depending on whether the contrast occurs between
phases of the experiment (incentive contrast, Crespi, 1942), between trials with-
in a session (behavioral contrast, Reynolds, 1961), or in anticipation of a change
in reinforcement value (anticipatory contrast, Flaherty, 1982). But in each case,
the value of the reward is compared with the value of the preceding or expected
hedonic state. Thus, in the case of the work-ethic effect found with pigeons, one
can propose that the hedonic state of the pigeon immediately before the onset of
the discriminative stimuli is poorer when 20 pecks are required than when only
1 peck is required. And it is the contrast between that hedonic state and the expec-
tation of reward when the discriminative stimuli appear, that determines the rel-
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ative value of those stimuli. The greater the contrast, the greater the value of the
discriminative stimuli (see also Clement & Zentall, 2002). 

The possibility that contrast may be responsible for the work-ethic effect
does not mean that this effect can be easily dismissed. After all, calling it con-
trast describes only the effect and places it in the context of other effects that
appear to have a relative motivational (incentive) basis. Instead, describing the
work-ethic effect as a form of contrast suggests that similar effects that have been
found in humans may also be attributable in part to contrast effects. For example,
Is it possible that the overjustification of effort that is found in humans is caused
by the relatively large shift in value from the negative state engendered by hard
work to the positive state elicited by the reward, and not by the resolution of dis-
sonance? A much smaller shift would be expected when the reward is preceded
by less work. The results of studies on work ethic in pigeons suggest that it may
be useful to reexamine the cognitive dissonance literature for the potential con-
tribution that simpler contrast effects may play.

Conclusions

The examples described in this article were selected in part because of their
heuristic value. They represent attempts to assess the cognitive capacities of ani-
mals, and they often raised questions that might otherwise not have been raised. 

Many topics that have been considered important examples of animal cog-
nition have not been mentioned in this article. Some of these, such as language
training, the use of tools, and numerical competence have not been addressed
because of the absence of a clear definition of behavior, which, if found, would
clearly offer support for the existence the capacity. Others, such as same–differ-
ence concept learning, timing, and serial pattern learning, were omitted to keep
the length of this article within manageable bounds. The interested reader should
consult an excellent book by Roberts (1998) for a discussion of these capacities
in animals.

The cognitive behaviorist approach that is used in the research described in
this article provides a useful tool for the exploration of animal learning capacity.
It is a tool that is less likely to be used by those who take other approaches that
have been popular in behavioral research conducted with animals (e.g., Hull,
1943; Skinner, 1938). When researchers are strongly committed to a particular
theory (e.g., Hull) there is a tendency to view behavior from that perspective and
not to be open to novel findings. Alternatively, the rejection of theory (e.g., Skin-
ner) that occurred in reaction to the proliferation of complex models of learning
(e.g., Hull) may not provide sufficient direction for research of the kind discussed
here. I believe that the cognitive behaviorist approach that has been promoted in
the present article combines a reasonable compromise. On the one hand, it
embraces a theoretical approach, but not a particular theory; it allows for the
design of more objective experiments; and it does not discourage researchers
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from pursuing tangential findings. On the other hand, it adopts a theory-testing
stance that provides researchers with the direction they need to describe research
questions clearly. The examples provided in the present article demonstrate how
useful this cognitive behaviorist approach can be.

REFERENCES

Akins, C. K., & Zentall, T. R. (1996). Imitative learning in male Japanese quail (Coturnix
japonica) using the two-action method. Journal of Comparative Psychology, 110,
316–320.

Akins, C. K., & Zentall, T. R. (1998). Imitation in Japanese quail: The role of reinforce-
ment of demonstrator responding. Psychonomic Bulletin & Review, 5, 694–697.

Aronson, E., & Mills, J. (1959). The effect of severity of initiation on liking for a group.
Journal of Abnormal and Social Psychology, 59, 177–181.

Blough, P. M. (1991). Selective attention and search images in pigeons. Journal of Exper-
imental Psychology: Animal Behavior Processes, 17, 292–298.

Boice, R. (1973). Domestication. Psychological Bulletin, 80, 215–230.
Bond, A. B. (1983). Visual search and selection of natural stimuli in the pigeon: The atten-

tion threshold hypothesis. Journal of Experimental Psychology: Animal Behavior
Processes, 9, 292–306.

Brown, M. F., Wheeler, E. A., & Riley, D. A. (1989). Evidence for the shift in the choice
criterion of rats in a 12-arm radial maze. Animal Learning & Behavior, 17, 12–20.

Bryant, P. E., & Trabasso, T. (1971). Transitive inferences and memory in young children.
Nature, 232, 456–458.

Bunyar, T., & Huber, L. (1999). Push or pull: An experimental study on imitation in mar-
mosets. Animal Behaviour, 54, 817–831.

Chapuis, N., & Varlet, C. (1987). Shortcuts by dogs in natural surroundings. Quarterly
Journal of Experimental Psychology, 39B, 49–64.

Church, R. M. (1957). Two procedures for the establishment of imitative behavior. Jour-
nal of Comparative and Physiological Psychology, 50, 315–318.

Clement, T. S., Feltus, J., Kaiser, D. H., & Zentall, T. R. (2000). “Work ethic” in pigeons:
Reward value is directly related to the effort or time required to obtain the reward. Psy-
chonomic Bulletin & Review, 7, 100–106. 

Clement, T. S., & Zentall, T. R. (2002). Second-order contrast based on the expectation of
effort and reinforcement. Journal of Experiment Psychology: Animal Behavior Process-
es, 28, 64–74.

Colwill, R. M. (1984). Disruption of short-term memory for reinforcement by ambient illu-
mination. The Quarterly Journal of Experimental Psychology, 36B, 235–258.

Cook, R. G., Brown, M. E., & Riley, D. A. (1985). Flexible memory processing by rats:
Use of prospective and retrospective information in the radial maze. Journal of Exper-
imental Psychology: Animal Behavior Processes, 11, 453–469.

Crespi, L. P. (1942). Quantitative variation in incentive and performance in the white rat.
American Journal of Psychology, 55, 467–517.

Davis, H. (1992). Transitive inference in rats (Rattus norvegicus). Journal of Comparative
Psychology, 106, 342–349.

Dawson, B. V. & Foss, B. M. (1965). Observational learning in budgerigars. Animal
Behaviour, 13, 470–474.

Dorrance, B. R., & Zentall, T. R. (2001). Imitative learning in Japanese quail depends on
the motivational state of the observer at the time of observation. Journal of Compara-
tive Psychology, 115, 62–67.



360 The Journal of General Psychology

Farthing, G. W., Wagner, J. M., Gilmour, S., & Waxman, H. M. (1977). Short-term mem-
ory and information processing in pigeons. Learning and Motivation, 8, 520–532.

Fersen, L. v., Wynne, C. D. L., Delius, J. D., & Staddon, J. E. R. (1991). Transitive infer-
ence formation in pigeons. Journal of Experimental Psychology: Animal Behavior
Processes, 17, 334–341.

Festinger, L (1957). A theory of cognitive dissonance. Stanford, CA: Stanford University
Press.

Flaherty, C. F. (1982). Incentive contrast: A review of behavioral changes following shifts
in reward. Animal Learning & Behavior, 10, 409–440.

Flaherty, C. F. (1996). Incentive relativity. New York: Cambridge University Press.
Galef, B. G., Jr. (1988). Imitation in animals: History, definition, and interpretation of data

from the psychological laboratory. In T. R. Zentall & B. G. Galef Jr. (Eds.), Social learn-
ing: Psychological and biological perspectives (pp. 3–28). Hillsdale, NJ: Erlbaum.

Gillan, D. J. (1981). Reasoning in the chimpanzee: II. Transitive inference. Journal of
Experimental Psychology: Animal Behavior Processes, 7, 150–164.

Grant, D. S. (1981). Stimulus control of information processing in pigeon short-term mem-
ory. Learning and Motivation, 12, 19–39.

Grant, D. S. (1991). Symmetrical and asymmetrical coding of food and no-food samples
in delayed matching in pigeons. Journal of Experimental Psychology: Animal Behav-
ior Processes, 17, 186–193.

Grice, G. R. (1948). The relation of secondary reinforcement to delayed reward in visual
discrimination learning. Journal of Experimental Psychology, 38, 1–16.

Guthrie, E. R. (1935). The psychology of learning. Glouster, MA: Peter Smith.
Guthrie, E. R. (1952). The psychology of learning: Revised. New York: Harper.
Hilgard, E. R., & Bower, G. H. (1966). Theories of learning (pp. 191–228). New York:

Appleton-Century-Crofts
Honig, W. K. (1978). Studies of working memory in the pigeon. In S. H. Hulse, H. Fowler,

& W. K. Honig (Eds.), Cognitive processes in animal behavior (pp. 211–248). Hills-
dale, NJ: Erlbaum. 

Honig, W. K., & James, P. H. R. (1971). Animal memory. San Diego, CA: Academic Press. 
Honig. W. K., & Thompson, R. K. R. (1982). Retrospective and prospective processing in

animal working memory. In G. H. Bower (Ed.), The psychology of learning and moti-
vation: Advances in research and theory (pp. 239–281). New York: Academic Press.

Hull, C. L. (1943). Principles of behavior. New York: Appleton-Century-Crofts.
Hulse, S. H., Fowler, H., & Honig, W. K., (1978). (Eds.). Cognitive processes in animal

behavior. Hillsdale, NJ: Erlbaum.
Hunter, W. S. (1913). The delayed reaction in animals and children. Behavior Monographs,

2, 1–86.
Jarrard, L. E. (Ed.). (1971). Cognitive processes in nonhuman primates. New York: Aca-

demic Press.
Kaiser, D. H., Sherburne, L. M., Steirn, J. N., & Zentall, T. R. (1997). Perceptual learning

in pigeons: Decreased ability to discriminate samples mapped onto the same compari-
son in many-to-one matching. Psychonomic Bulletin & Review, 4, 378–381.

Kohn, B., & Dennis, M. (1972). Observation and discrimination learning in the rat: Spe-
cific and nonspecific effects. Journal of Comparative and Physiological Psychology, 78,
292–296.

Lawrence, D. H. (1949). Acquired distinctiveness of cues: I. Transfer between discrimi-
nations on the basis of familiarity with the stimulus. Journal of Experimental Psychol-
ogy, 39, 770–784. 

Lawrence, D. H. (1950). Acquired distinctiveness of cues: II. Selective association in a
constant stimulus situation. Journal of Experimental Psychology, 40, 175–188.



Zentall 361

Lindsay, P. H. (1970). Multichannel processing in perception. In D. I. Mostofsky (Ed.),
Attention: Contemporary theory and analysis (pp. 149–171). New York: Appleton-
Century-Crofts.

Mackintosh, N. J. (1965). Selective attention in animal discrimination learning. Psycho-
logical Bulletin, 64, 124–150.

MacLeod, C. M. (1975). Long-term recognition and recall following directed forgetting.
Journal of Experimental Psychology: Human Learning and Memory, 104, 271–279.

McGonigle, B. O., & Chalmers, M. (1977). Are monkeys logical? Nature, 267, 494–496.
Maier, N. R. F. (1929). Delayed reaction and memory in rats. Comparative Psychology

Monographs, 36, 538–549.
Maki, W. S., Jr. (1981). Directed forgetting in pigeons. In N. E. Spear & R. R. Miller (Eds.),

Information processing in animals: Memory mechanisms (pp.199–225). Hillsdale, NJ:
Erlbaum.

Maki, W. S., & Hegvik, D. K. (1980). Directed forgetting in pigeons. Animal Learning
and Behavior, 8, 567–574.

Maki, W. S., Jr., & Leuin, T. C. (1972). Information processing by pigeons. Science, 176,
535–536.

Menzel, E. W. (1978). Cognitive mapping in chimpanzees. In S. H. Hulse, H. Fowler , &
W. K. Honig (Eds.), Cognitive processes in animal behavior (pp. 375–422). Hillsdale,
NJ: Erlbaum. 

Neiman, E. R., & Zentall, T. R. (2001). Common coding of samples associated with the
same comparison: The nature of the common representation. Learning and Motivation,
32, 367–382.

Peterson, G. B. (1984). How expectancies guide behavior. In H. L. Roitblat, T. G. Bever,
& H. S. Terrace, (Eds.), Animal cognition (pp. 135–148). Hillsdale, NJ: Erlbaum.

Piaget, J., 1955. The child’s construction of reality. London: Routeledge and Kegan Paul.
Pietrewicz, A. T., & Kamil, A. C. (1979). Search image formation in the blue jay

(Cyanocitta cristata). Science, 22, 1332–1333.
Reid, P. J., & Shettleworth, S. J. (1992). Detection of cryptic prey: Search image or search

rate? Journal of Experimental Psychology: Animal Behavior Processes, 18, 273–286.
Reynolds, G. S. (1961). Behavioral contrast. Journal of the Experimental Analysis of

Behavior, 4, 57–71.
Riley, D. A. (1968). Discrimination learning. Boston: Allyn & Bacon.
Riley, D. A., & Leith, C. R. (1976). Multidimensional psychophysics and selective atten-

tion in animals. Psychological Bulletin, 83, 138–160.
Riley, D. A., & Roitblat, H. L. (1978). Selective attention and related cognitive processes

in pigeons. In S. H. Hulse, H. Fowler, & W. K. Honig (Eds.), Cognitive processes in
animal behavior (pp. 249–276). Hillsdale, NJ: Erlbaum.

Roberts, W. A. (1998). Principles of animal cognition. Boston: McGraw-Hill.
Roitblat, H. L. (1987). Introduction to comparative cognition. New York: Freeman.
Roper, K. L., Kaiser, D. H., & Zentall, T. R. (1995). True directed forgetting in pigeons

may occur only when alternative working memory is required on forget-cue trials. Ani-
mal Learning and Behavior, 23, 280–285.

Roper, K. L., & Zentall, T. R. (1993). Directed forgetting in animals. Psychological Bul-
letin, 113, 513–532.

Shettleworth, S. J. (1998). Cognition, evolution, and behavior. New York: Oxford.
Singer, B., Zentall, T. R., & Riley, D. A. (1969). Stimulus generalization and the easy-

to-hard effect. Journal of Comparative and Physiological Psychology, 69, 528–535.
Skinner, B. F. (1938). The behavior of organisms. New York: Appleton-Century-Crofts.
Skinner, B. F. (1950). Are theories of learning necessary? Psychological Review, 57,

193–216.



362 The Journal of General Psychology

Spence, K. W. (1936). The nature of discrimination learning in animals. Psychological
Review, 43, 427–449.

Spence, K. W. (1937). The differential response in animals to stimuli varying within a sin-
gle dimension. Psychological Review, 44, 430–444.

Staddon, J. E. R. (2001). The new behaviorism. Philadelphia: Psychology Press.
Suzuki, S., Augerinos, G., & Black, A. H. (1980). Stimulus control of spatial behavior on

the eight-arm maze in rats. Learning and Motivation, 11, 1–18. 
Thorndike, E. L. (1911). Animal intelligence: Experimental studies. New York: Macmillan.
Tinbergen, L. (1960). The natural control of insects in pine woods: I. Factors influencing

the intensity of predation by songbirds. Archives Neerlandaises de Zoologie, 13,
265–343.

Tolman, E. C. (1932). Purposive behavior in animals and men. New York: Appleton-
Century-Crofts.

Tolman, E. C., & Honzik, C. H. (1939). Introduction and removal of reward and maze per-
formance in rats. University of California Publications in Psychology, 4, 257–275.

Tolman, E. C., Ritchie, B. F., & Kalish, D. (1946). Studies in spatial learning. II. Orienta-
tion and the short-cut. Journal of Experimental Psychology, 36, 13–24.

Trapold, M. A. (1970). Are expectancies based on different positive reinforcing events dis-
criminably different? Learning and Motivation, 1, 129–140.

Treisman, A. (1969). Strategies and models of selective attention. Psychological Review,
76, 282–299.

Tulving, E., & Donaldson, W. (Eds.). (1972). Organization of memory. New York: Acad-
emic Press.

Urcuioli, P. J., & Zentall, T. R. (1986). Retrospective memory in pigeons’ delayed match-
ing-to-sample. Journal of Experimental Psychology: Animal Behavior Processes, 12,
69–77.

Urcuioli, P. J., Zentall, T. R., Jackson-Smith, P., & Steirn, J. N. (1989). Evidence for com-
mon coding in many-to-one matching: Retention, intertrial interference, and transfer.
Journal of Experimental Psychology: Animal Behavior Processes, 15, 264–273. 

Warden, C. J., & Jackson, T. A. (1935). Imitative behavior in the rhesus monkey. Journal
of Genetic Psychology, 46, 103–125.

Weaver, J. E., Steirn J. N., & Zentall, T. R. (1997). Transitive inference in pigeons: Con-
trol for differential value transfer. Psychonomic Bulletin & Review, 4, 113–117.

Zajonc, R. B. (1965). Social facilitation. Science, 149, 269–274.
Zentall, T. R. (1970). Effects of context change on forgetting in rats. Journal of Experi-

mental Psychology, 86, 440–448.
Zentall, T. R. (1997). Animal memory: The role of instructions. Learning and Motivation,

28, 248–267.
Zentall, T. R. (2001). Imitation and other forms of social learning in animals: Evidence,

function, and mechanisms. Cybernetics and Systems, 32, 53–96.
Zentall, T. R., & Akins, C. K. (2001). Imitation in animals: Evidence, function and mech-

anisms. In R. G. Cook (Ed.), Avian visual cognition [online]. Available:
www.pigeon.psy.tufts.edu/avc/zentall/

Zentall, T. R., & Clement, T. S. (2001). Simultaneous discrimination learning: Stimulus
interactions. Animal Learning & Behavior, 29, 311–325.

Zentall, T. R., Hogan, D. E., Howard, M. M., & Moore, B. S. (1978). Delayed matching
in the pigeon: Effect on performance of sample-specific observing responses and dif-
ferential delay behavior. Learning and Motivation, 9, 202–218.

Zentall, T. R., & Levine, J. M. (1972). Observational learning and social facilitation in the
rat. Science, 178, 1220–1221.

Zentall, T. R., & Riley, D. A. (2000). Selective attention in animal discrimination learn-



Zentall 363

ing. The Journal of General Psychology (Special Issue), 127, 45–66.
Zentall, T. R., Roper, K. L., & Sherburne, L. M. (1995). Most directed forgetting in pigeons

can be attributed to the absence of reinforcement on forget trials during training or to
other procedural artifacts. Journal of the Experimental Analysis of Behavior, 63,
127–137.

Zentall, T. R., & Sherbourne, L. M. (1994). Transfer of value from S+ to S− in a simulta-
neous discrimination. Journal of Experimental Psychology: Animal Behavior Process-
es, 20, 176–183.

Zentall, T. R., Sherburne, L. M., Roper, K. L., & Kraemer, P. J. (1996). Value transfer in
a simultaneous discrimination appears to result from within-event Pavlovian condition-
ing. Journal of Experimental Psychology: Animal Behavior Processes, 22, 68–75.

Zentall, T. R., Sherburne, L. M., & Urcuioli, P. J. (1993). Common coding in a many-to-
one delayed matching task as evidenced by facilitation and interference effects. Animal
Learning & Behavior, 21, 233–237. 

Zentall, T. R., Sherburne, L. M., & Urcuioli, P. J. (1995). Coding of hedonic and nonhe-
donic samples by pigeons in many-to-one delayed matching. Animal Learning & Behav-
ior, 23, 189–196.

Zentall, T. R., Steirn, J. N., Sherburne, L. M., & Urcuioli, P. J. (1991). Common coding
in pigeons assessed through partial versus total reversals of many-to-one conditional and
simple discriminations. Journal of Experimental Psychology: Animal Behavior Process-
es, 17, 194–201.

Zentall, T. R., Steirn, J. N., & Jackson-Smith, P. (1990). Memory strategies in pigeons’
performance of a radial-arm-maze analog task. Journal of Experimental Psychology:
Animal Behavior Processes, 16, 358–371.

Zentall, T. R., Sutton, J. E., & Sherburne, L. M. (1996). True imitative learning in pigeons.
Psychological Science, 7, 343–346.

Zentall, T. R., Urcuioli, P. J., Jagielo, J. A., & Jackson-Smith, P. (1989). Interaction of sam-
ple dimension and sample-comparison mapping on pigeons’ performance of delayed
conditional discriminations. Animal Learning & Behavior, 17, 172–178.

Manuscript submitted October 17, 2001
Revision accepted for publication April 4, 2002




