
Context Change and Associative Learning

Juan M. Rosas1, Travis P. Todd2, and Mark E. Bouton2

1Universidad de Jaén
2University of Vermont

Abstract
The present article reviews the effects of changing the background context on performance in
associative learning tasks in humans and animals. The findings are complementary and consistent
over animal conditioning (Pavlovian and instrumental learning) and human predictive learning and
memory paradigms. In many cases, a context change after learning can have surprisingly little
disruptive influence on performance. Extinction, or retroactive interference treatments more
generally, are more context-specific than the initial learning. Contexts become important if the
participant is exposed to any of several treatments that involve prediction error, which may serve
to increase attention to the context. Contexts also become important if they are given predictive or
informational value. Studies of instrumental (operant) learning are further consistent with the idea
that the context might also influence affordances that support voluntary actions. Context switch
effects are not universal, but mainly occur when certain attention and perception processes can
come into play.

The present article provides a brief review of the role of context that has emerged in recent
studies of associative learning. “Associative learning” is a term that is broadly used to refer
to a range of learning phenomena that are studied in humans and other animals. Throughout
the past century and the beginning of the present one, classical and instrumental
conditioning became essential tools for the study of how organisms learn about their
environment, as well as to understand some of the neurobiological mechanisms that underlie
it1. In classical (or Pavlovian) conditioning, animals learn about events that occur in their
environment. For example, in Pavlovian fear conditioning, rats might learn that the
presentation of an auditory cue (e.g., a tone) predicts the occurrence of an aversive stimulus,
such as a mild foot shock. In instrumental (or operant) conditioning, the rat’s own behavior
produces the reinforcer. For example, rats might be trained to press a lever to obtain a food
pellet reinforcer. As we will illustrate in this paper, similar procedures have recently been
used in the human experimental psychology laboratory to study human predictive,
diagnostic, and instrumental learning2, 3, 4. Associative learning can also be used as a tool to
understand how memory works in both human and nonhuman animals. Traditional list
learning has been complemented by learning about the correlation between cues or
responses and outcomes, akin to nonhuman animal classical and instrumental conditioning5.
Most of the research has uncovered striking similarities between basic learning processes in
human and nonhuman animals (for instance, compare 6 with 7).

One insight about associative learning is that it never takes place in a vacuum-- it always
takes place in the presence of background stimuli or contextual cues. A goal of many studies
of human and nonhuman associative learning has therefore been to understand what role, if
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any, the context plays in directing learning and/or performance. Such contexts have been
defined in multiple ways. For example, Bouton8 suggested that contexts can include the
room or apparatus in which learning takes place9, internal states produced by drugs10,
hormone levels11, body temperature12, 13, deprivation state14, mood state15, event
expectancies16, recently-experienced events17, cognitive instructions5, or even stimuli that
correlate with the passage of time18. Although room and apparatus contexts have perhaps
been studied most extensively, all may follow similar rules. The variety of possible contexts
makes it nearly impossible to find a specific definition of what a context actually is.
Consistent with this, Smith19 defined context very generally as “that which surrounds” the
target task with which the organism is confronted.

One straightforward idea is that, if the context is important in associative learning, then a
context switch should impair test performance on the target task, for example, by preventing
complete generalization between the conditions of learning and testing. If a context switch
changes performance, then initial learning is said to be context-specific, and performance
would be under the influence of contextual control. Although contexts may also be involved
in learning in other ways, we will focus our review on those situations in which context
change can affect performance, given the historical role of such situations in testing the idea
that contexts influence memory retrieval. The idea behind the context switch effect is in fact
partly rooted in a tradition from the human memory literature that suggests that memory
retrieval depends on the match between the testing and learning background conditions, so
that whenever a mismatch occurs, retrieval is impaired20, 21. However, this statement needs
to be qualified. The fact is, context switches often fail to produce a change in memory or
performance. In what follows, we will describe associative learning research with both
human and nonhuman animals that attempts to identify the conditions under which learning
appears to be context-specific and the conditions under which it does not. The first sections
are mainly devoted to presenting results found in classical conditioning and human
predictive learning, though some research in instrumental learning is also discussed. The
final section is devoted to instrumental conditioning, as recent research suggests that the
context’s role in operant conditioning may have some features that may contrast with those
that characterize classical conditioning and predictive learning.

Failures and successes in finding the context switch effect
Let us begin by emphasizing the fact that context change often fails to influence learning
and performance. To illustrate, consider a fear conditioning experiment conducted in rats by
Bouton and King22. These investigators paired a target tone with a shock in one context
(Context A). In the next phase of the experiment, the tone was presented alone (in
extinction) in the same context or in a different context (Context B) for separate groups of
rats. Presentation of the tone alone, without shock, served to reduce the amount of fear that
the tone elicited. Interestingly, though, there was no difference in the amount of fear
responding or in the rate of extinction in the two contexts, suggesting that the tone-shock
association initially learned in Context A transferred more or less perfectly to Context B.
However, when responding to the tone was later tested back in Context A, rats that had been
extinguished in B showed strong recovery of conditioned responding (a phenomenon called
the renewal effect). This last effect demonstrated that the lack of context-switch effect
during extinction was not due to the animals’ inability to discriminate between the contexts
(see also 23). In the end, extinction was strongly context-specific, while conditioning was
considerably less so. Similar results have been reported in many other animal conditioning
studies and in human predictive learning tasks (see below).

It is interesting to observe that research on human memory has similarly shown many
failures of context switches to impair performance24, 25. In a recent example, Cairney,
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Durrant, Musgrove and Lewis26 gave participants word lists in two different contexts
(rooms). Participants were then tested in the same room where learning took place or in a
different one, either immediately or after a 12-hr delay. Interestingly, no context-switch
effects were reported at the immediate test; word lists were well remembered across
different contexts. (There was an effect of context-switch on performance, but only when
there was a delay that was spent in wakefulness, rather than in sleep.) The common failure
to find context switch effects in human memory experiments contrasts with an older
literature on paired-associate learning, where context switch effects were widely
documented after an interfering word list was learned in a second phase27, 28 (see 24 for a
review). After an interference-learning treatment, the context may be important, but in the
absence of one, it may be less so.

Studies like these have suggested that first-learned information may not be as context-
specific as conflicting information that is learned subsequently29, 30. That is, information
learned before extinction, or another retroactive interference treatment, can often be
retrieved, with no detectable impairment, in a context where it was not initially acquired. It
should be noted that this is not a universal finding. For instance, Bonardi, Honey, and Hall31

reported a deleterious effect of context change when a multi-trial acquisition procedure was
used (see also 32). And in other well-known studies, Godden and Baddeley33 and Smith34

also found that a simple (first-learned) word list was recalled less well after a context
change. However, it seems clear that context-specificity of first learned information is not
always easy to find25.

Conditions that allow contextual control
While some information appears to transfer quite well across contexts (such as first-learned
information, as described above) other information does not. Extinction is probably the best
studied example of this. The renewal effect described above has been reported with different
animal species (rats35, pigeons32, humans5) and a wide range of different tasks such as
conditioned taste aversion6, conditioned emotional response35, operant behavior36, human
discriminative punishment37, human predictive learning5, and appetitive Pavlovian
conditioning38, 39. The combined results of research on renewal suggest that extinction and,
in general, second-learned information about a cue or a response is more easily affected by
context-changes than first-learned information or simple acquisition30, 40, 41.

One important feature of the beginning of extinction is that it entails surprise, or prediction
error42. That is, in the first phase of conditioning, the animal has learned that the CS is
associated with a US—but this unexpectedly changes as extinction begins. Surprise is also
present at the beginning of a conditioning or learning treatment, when the organism is
presented with CSs and USs before it knows anything about the CS-US relation. It is
therefore interesting to note that retrieval of simple, initial acquisition also seems to be
context specific when testing occurs at early stages of training. For instance, León, Abad and
Rosas43 trained human participants in a situation in which they had to predict whether a
patron that ate a specific food (the cue) at a given restaurant (the context) would develop a
gastric discomfort (the outcome). A context change between training and testing led to a
decrease in performance when the change was conducted after 4 training trials, but not when
the training was increased to 18 trials (see also 44). Similar results had been previously
shown with rats. Hall and Honey45 reported better transfer of conditioned fear across
contexts when rats received 24 trials of conditioning, than when they received a single
conditioning trial. Thus, in most cases subjects may tend to code the information as context-
dependent at the beginning of training, a dependence that disappears when training is
increased (cf. 31). Since prediction error is strong at the beginning of training, the situation
might be ambiguous and participants are reluctant to discard contexts as potentially relevant
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for the task. Once they have had the opportunity to learn that contexts are irrelevant (through
extended training or through context pre-exposure), context-switch effects disappear.

There are some conditions in which information that is not usually context-specific (e.g.,
cue-outcome associations in multi-trial procedures) may become context-specific. For
instance, Preston, Dickinson, and Mackintosh46 (Experiment 2) used a discriminated operant
procedure to train two groups of rats to discriminate between two cues in Context A.
Responding was reinforced in the presence of one stimulus and not reinforced in the
presence of another. This discrimination was kept the same in Context B for one group
(Discrimination), but it was reversed for the other group (Conditional Discrimination). Thus,
in the latter group Contexts A and B were uniquely informative about the reinforcement
contingencies active in the stimuli. Responding in the presence of a new target stimulus was
then reinforced in Context A in both groups, and then tested in extinction in both Contexts A
and B. Interestingly, there was poor transfer of responding to the target in Context B for the
Conditional Discrimination group, while there were no differences in the Discrimination
group. Similar results have been reported by León, Abad, and Rosas47 in human predictive
and human instrumental learning, respectively (see also 48). Gawronski, Rydell, Vervliet,
and De Houwer49 have also reported compatible results in a task in which humans made
context-based evaluations of a hypothetical actor’s positive and negative attributes. Thus,
giving the context predictive or information value encourages subsequent context-specific
learning.

The above results are consistent with the idea that attention to the contexts may play an
important role in creating context-specificity: information may become context-specific
when the organism has been given a reason to attend to the context50, 41. In perhaps a related
way, extinction of a cue-outcome relationship seems to facilitate context-dependence of
other simple new cue-outcome associations that are learned at the same time, or after, the
first one is extinguished. For instance, in a human predictive learning task, Rosas and
Callejas-Aguilera5 found a deleterious effect of a context switch on predictive judgments
about a cue-outcome relationship when that relationship was learned concurrently with the
extinction of a different cue (see also 51). They also found that extinction of a cue conducted
within a particular task facilitated context-specificity of a different cue that was later trained
within a slightly different task. Rosas and Callejas-Aguilera52 extended these results to
Pavlovian learning in rats, finding that extinction of a taste aversion facilitated context-
dependence of a different flavor-illness association that was conditioned subsequently
(cf. 52). More recently, Bernal-Gamboa, Callejas-Aguilera, Nieto, and Rosas54 found that
CS-US and response-outcome associations are more “forgettable” over time if there has
been previous exposure to extinction of a different association, even within a different task.
That result suggests that changes in the temporal context may play a role that is similar to
the one played by changes in physical contexts.

In explaining this type of result, Rosas, Callejas-Aguilera et al.50 elaborated on Bouton’s41

suggestion that the ambiguity of a CS’s or response’s association with a reinforcer produced
by extinction leads subjects to pay attention to the context. They proposed that once
participants pay attention to the context, all the information learned within them becomes
context-specific. There has been discussion about whether it is ambiguity or interference that
makes information context-specific55, 56. Ultimately, however, when participants encounter
prediction error, they appear to behave as if they encode contextual information with
concurrently- or subsequently-learned information.
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Attentional mechanisms of contextual control
To summarize, research with human and animal subjects strongly suggests that retrieval of
information may become context-specific if the circumstances lead to attention to the
context. The specific mechanism through which attention operates has yet to be determined,
although models of associative learning that incorporate attention processes provide
important insights. For instance, Pearce and Hall57 suggested that when there is prediction
error (i.e., when presentation or omission of the US is surprising), attention will increase to
any stimulus that is present on the learning trial. The model thus suggests that extinction will
potentially increase attention to the context, as will trials at the very beginning of training
(when prediction error is also high), but that the context will become relatively ignored once
training is complete43, 45 (when prediction error has become low). Alternatively,
Mackintosh58 argued that when prediction error is low, the contemporaneous stimuli are
good predictors, and that attention should be directed toward such good predictors. Subjects
will therefore pay attention to predictive and informative contexts46, 47. It is interesting to
note that, with a few reasonable assumptions, either of these contrasting approaches can
explain results that seem to favor the other. Pearce and Hall57 can explain attention to
informative contexts if it is assumed that training did not reach the asymptote, so that there
is still prediction error. And Mackintosh58 can explain why more extensive training or
conditioning reduces contextual control because this model predicts that contexts will
become ignored when the cue is found to be a better predictor of the outcome. Interestingly,
newer models have begun to incorporate both attention rules59, 60.

None of the studies that have been discussed were designed to discriminate among the
different approaches to attention in associative learning. And there are other findings that
will require further analysis. For instance, Harris, Jones, Bailey, and Westbrook61 found that
extinction leads the extinguished CS to be coded (retrospectively) with the context in which
it was conditioned so that a first learned CS-US association becomes context dependent after
extinction. It is not clear how the attention mechanisms just described would explain how a
remembered context (as opposed to a contemporaneous or to-be-presented context) can be
the target of increased attention. One possibility is that extinction might boost attention to
the context so that it is processed more at the time of testing.

Contextual control of instrumental conditioning
The preceding sections have emphasized the role of context in classical conditioning and
human predictive learning. Does it have a similar role in instrumental conditioning? The
question is worth asking, because the operant lever pressing response in rats is psychology’s
major animal model of voluntary behavior in humans. (Although lever pressing is controlled
by an obvious consequence, the pellet reinforcer, the rat is free to emit it at any time.) The
Bouton laboratory has recently looked more systematically at contextual control in operant
conditioning, and research to date suggests many important parallels with Pavlovian
learning. In particular, there is now excellent evidence of renewal effects 36, 62. For example,
in several experiments reported by Bouton et al.36, rats learned to lever press for food pellets
on a variable interval schedule of reinforcement in Context A. After responding was
extinguished (by no longer presenting the pellets) in either Contexts A or B, responding was
renewed when it was tested in a different context. That is, when responding was
extinguished in Context B, it recovered when testing occurred in either Context A (ABA
renewal) or Context C (ABC renewal); when responding was extinguished in Context A, it
recovered when testing occurred in Context B (AAB renewal).

More recent research suggests that all three forms of renewal also occur when the contexts
are equated on their reinforcement histories63. For example, in one experiment, rats learned
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to press a lever or pull a chain suspended from the ceiling for food reward in Contexts A and
B, respectively (the responses were counterbalanced so that “R1” was reinforced in Context
A and “R2” was reinforced in Context B). In an ABA condition, R1 and R2 were then
extinguished in the opposite context and finally tested in the original context. In an AAB
condition, R1 and R2 were extinguished in their original contexts and tested in the “new”
one. AAB and ABA renewal both occurred. Using an analogous procedure, Todd63 has also
demonstrated ABC renewal. AAB and ABC renewal are especially important theoretically,
because they indicate that conditioning generalizes better to a new context than extinction
does, as is consistent with Pavlovian conditioning and human predictive learning.

However, another result that was observed over all the experiments was that acquisition
itself was strikingly context-dependent. Thus, when the experimental design allowed us to
compare the rate of operant responding in the context in which the response had been
learned (Context A) and in a different context (Context B), we always found a partial, but
highly significant, loss of performance when the behavior was first tested in Context B36, 63.
Unlike Pavlovian responding, operant responding did not transfer perfectly between
contexts. The reason for the difference at first seemed obvious. We had used “free operant”
methods, in which the animals were free to lever press or chain pull for reinforcers
whenever they chose to. In the free operant method there is no explicit signal, analogous to a
CS or predictive cue, that bears a proximate relation to the response. The context is thus the
only stimulus, whereas in a Pavlovian method, the context is present along with the CS,
which could readily overshadow42 or “outshine”25 its control. Bouton, Todd, and León64

therefore also studied contextual control using discriminated operant procedures in which
lever pressing or chain pulling were only reinforced in the presence of an explicit light or
tone discriminative stimulus (SD). With this method, the animal learns to respond only in
the presence of the proximate signal. We have observed renewal effects with this method.
But more importantly, when the rats learned to respond in the presence of the stimulus in
Context A, there was still a drop in performance when the stimulus and the response were
tested for the first time in Context B. The drop occurred whether or not a second SD and a
second response had been trained in Context B. With our methods, the operant response
itself is more context-dependent than the action of the SD.

The experiments thus begin to suggest that, at least in nonhuman animals, operant learning
may be relatively context-dependent (cf. 46, 62, 65). One way to think of the result is to note
that, with either free-operant or discriminated-operant training, the animal forms a direct
association between the response and the context in which it is learned. In the correct
context, the response therefore occurs; in the wrong one, it does not. We64 further suggested
that one can tentatively think of the context-response association the way Gibson66 might
have: During training, the animal learns that the context “affords” a particular response, just
as we learn that a chair can support our body weight or that a hallway can be traversed. Note
that there is a sense in which an affordance stands for an action-outcome relationship; it tells
us that we can sit on the chair without crashing to the ground or walk upon the floor without
falling through. In a similar way, the animal may thus learn that actions on a lever or a chain
produce a pellet reinforcer. Regardless of the approach, our preliminary evidence on the
effects of context on voluntary, operant behavior suggests that contexts may have
surprisingly privileged control over them. Further research will need to extend our
understanding of contextual control of operant behavior in nonhuman animals, and ask
whether it is found in humans as well.

Conclusions
Our brief review has emphasized several points. One of the most important is that context
switches do not always have much impact on Pavlovian responding, predictive judgments in
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humans, or human list memory. We find, however, that contextual control can emerge with
extinction, or a second phase in which conflicting learning is encoded. It also appears to
emerge early in training, or when contexts have been given predictive or information value.
All of these results are consistent with the idea that context plays a role primarily when
experience encourages attention to it. For example, the finding that extinction (or other
retroactive interference treatments) creates context-dependence is consistent with the idea
that surprise and prediction error can direct attention to the context57, 58, 59, 60.

The case for instrumental or operant learning is consistent, although there is at least one
interesting difference. While the research suggests that contextual control is again especially
important after extinction, which is consistent with a role for attention, there are indications
that instrumental, voluntary actions might be inherently under contextual control—the
context-switch effect is more ubiquitous there. Perhaps the operant learning procedure
somehow directs the organism’s attention to the context. After all, under most conditions,
the lever is a static feature of the context. Or, as we suggested in the preceding section, the
context plays a more central role in supporting voluntary action because operant behaviors
are supported by knowledge of affordances. Context switch effects in associative learning
are not universal, but can occur when certain attention and perception (e.g., affordance)
processes are engaged.

Acknowledgments
Preparation of this manuscript was supported by Grant PSI2010-15215 from the Spanish Ministry of Science and
Innovation to JMR and by Grant RO1 DA33123 from the U.S. National Institute on Drug Abuse to MEB.

References
1. Steinmetz, JE.; Kim, J.; Thompson, RF. Biological models of associative learning. John Wiley &

Sons Inc; Hoboken, NJ, US: 2003. p. 499-541.Hoboken, NJhttp://search.proquest.com/docview/
620090818?accountid=14555

2. Dickinson A, Shanks D, Evenden J. Judgement of act-outcome contingency: The role of selective
attribution. The Quarterly Journal of Experimental Psychology A: Human Experimental
Psychology. 1984; 36(1-A):29–50. (http://search.proquest.com/docview/616933461?
accountid=14555. doi: 10.1080/14640748408401502.

3. Molet M, Callejas-Aguilera JE, Rosas JM. Latent timing in human conditioned avoidance. J Exp
Psychol : Anim Behav Processes. 2007; 33(4):476–483. http://search.proquest.com/docview/
621891689?accountid=14555. doi: 10.1037/0097-7403.33.4.476.

4. Waldmann MR. Competition among causes but not effects in predictive and diagnostic learning.
Journal of Experimental Psychology: Learning, Memory, and Cognition. 2000; 26(1):53–76. http://
search.proquest.com/docview/619439756?accountid=14555. doi: 10.1037/0278-7393.26.1.53.

5. Rosas JM, Callejas-Aguilera JE. Context switch effects on acquisition and extinction in human
predictive learning. Journal of Experimental Psychology: Learning, Memory, and Cognition. 2006;
32(3):461–474. http://search.proquest.com/docview/621315569?accountid=14555. doi:
10.1037/0278-7393.32.3.461.

6. Rosas JM, Bouton ME. Context change and retention interval can have additive, rather than
interactive, effects after taste aversion extinction. Psychon Bull Rev. 1998; 5(1):79–83. http://
search.proquest.com/docview/619324572?accountid=14555. doi: 10.3758/BF03209459.

7. Rosas JM, Vila NJ, Lugo M, López L. Combined effect of context change and retention interval on
interference in causality judgments. J Exp Psychol : Anim Behav Processes. 2001; 27(2):153–164.
http://search.proquest.com/docview/619575121?accountid=14555. doi:
10.1037/0097-7403.27.2.153.

8. Bouton, ME. The mind in context. Guilford Press; New York, NY, US: 2010. The multiple forms of
“context” in associative learning theory; p. 233-258.New York, NYhttp://search.proquest.com/
docview/742982570?accountid=14555

Rosas et al. Page 7

Wiley Interdiscip Rev Cogn Sci. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://search.proquest.com/docview/620090818?accountid=14555
http://search.proquest.com/docview/620090818?accountid=14555
http://search.proquest.com/docview/616933461?accountid=14555
http://search.proquest.com/docview/616933461?accountid=14555
http://search.proquest.com/docview/621891689?accountid=14555
http://search.proquest.com/docview/621891689?accountid=14555
http://search.proquest.com/docview/619439756?accountid=14555
http://search.proquest.com/docview/619439756?accountid=14555
http://search.proquest.com/docview/621315569?accountid=14555
http://search.proquest.com/docview/619324572?accountid=14555
http://search.proquest.com/docview/619324572?accountid=14555
http://search.proquest.com/docview/619575121?accountid=14555
http://search.proquest.com/docview/742982570?accountid=14555
http://search.proquest.com/docview/742982570?accountid=14555


9. Fanselow, MS. Science of memory: Concepts. Oxford University Press; New York: 2007. Context:
What’s so special about it?; p. 101-105.

10. Lattal KM. Effects of ethanol on encoding, consolidation, and expression of extinction following
contextual fear conditioning. Behav Neurosci. 2007; 121(6):1280–1292. http://
search.proquest.com/docview/621934722?accountid=14555. doi: 10.1037/0735-7044.121.6.1280.
[PubMed: 18085881]

11. Ahlers ST, Richardson R. Administration of dexamethasone prior to training blocks ACTH-
induced recovery of an extinguished avoidance response. Behav Neurosci. 1985; 99(4):760–764.
http://search.proquest.com/docview/617134616?accountid=14555. doi:
10.1037/0735-7044.99.4.760. [PubMed: 3040035]

12. Briggs JF, Riccio DC. Retrograde amnesia for extinction: Similarities with amnesia for original
acquisition memories. Learning & Behavior. 2007; 35(3):131–140. http://search.proquest.com/
docview/621876102?accountid=14555. doi: 10.3758/BF03193048. [PubMed: 17918418]

13. Immink MA, Wright DL, Barnes WS. Temperature dependency in motor skill learning. J Mot
Behav. 2012; 44(2):105–113. http://search.proquest.com/docview/1011278653?accountid=14555.
doi: 10.1080/00222895.2012.654522. [PubMed: 22424202]

14. Davidson TL. The nature and function of interoceptive signals to feed: Toward integration of
physiological and learning perspectives. Psychol Rev. 1993; 100(4):640–657. http://
search.proquest.com/docview/618425645?accountid=14555. doi: 10.1037/0033-295X.100.4.640.
[PubMed: 8255952]

15. Eich, E. Science of memory: Concepts. Oxford University Press; New York: 2007. Mood,
memory, and the concept of context; p. 107-110.

16. Bouton ME, Rosengard C, Achenbach GG, Peck CA. Effects of contextual conditioning and
unconditioned stimulus presentation on performance in appetitive conditioning. The Quarterly
Journal of Experimental Psychology B: Comparative and Physiological Psychology. 1993; 46B(1):
63–95. http://search.proquest.com/docview/618299998?accountid=14555.

17. Bouton ME, Woods AM, Pineño O. Occasional reinforced trials during extinction can slow the rate
of rapid reacquisition. Learn Motiv. 2004; 35(4):371–390. http://search.proquest.com/docview/
620563772?accountid=14555. doi: 10.1016/j.lmot.2004.05.001.

18. Bouton ME, Nelson JB, Rosas JM. Stimulus generalization, context change, and forgetting.
Psychol Bull. 1999; 125(2):171–186. http://search.proquest.com/docview/619414873?
accountid=14555. doi: 10.1037/0033-2909.125.2.171. [PubMed: 10087934]

19. Smith, SM. Science of memory: Concepts. Oxford University Press; New York: 2007. Context: A
reference for focal experience; p. 111-114.

20. Spear, NE. The processing of memories: Forgetting and retention. Lawrence Erlbaum; Oxford,
England: 1978. p. xivp. 553Oxfordhttp://search.proquest.com/docview/616330576?
accountid=14555

21. Tulving E, Thomson DM. Encoding specificity and retrieval processes in episodic memory.
Psychol Rev. 1973; 80(5):352–373. http://search.proquest.com/docview/620861685?
accountid=14555. doi: 10.1037/h0020071.

22. Bouton ME, King DA. Contextual control of the extinction of conditioned fear: Tests for the
associative value of the context. J Exp Psychol : Anim Behav Processes. 1983; 9(3):248–265.
http://search.proquest.com/docview/616865184?accountid=14555. doi:
10.1037/0097-7403.9.3.248.

23. Bouton ME, Brooks DC. Time and context effects on performance in a pavlovian discrimination
reversal. J Exp Psychol : Anim Behav Processes. 1993; 19(2):165–179. http://
search.proquest.com/docview/618302638?accountid=14555. doi: 10.1037/0097-7403.19.2.165.

24. Smith, SM. Memory in context: Context in memory. John Wiley & Sons; Oxford, England: 1988.
Environmental context—dependent memory; p. 13-34.Oxfordhttp://search.proquest.com/docview/
617497396?accountid=14555

25. Smith SM, Vela E. Environmental context-dependent memory: A review and meta-analysis.
Psychon Bull Rev. 2001; 8(2):203–220. http://search.proquest.com/docview/619631422?
accountid=14555. doi: 10.3758/BF03196157. [PubMed: 11495110]

Rosas et al. Page 8

Wiley Interdiscip Rev Cogn Sci. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://search.proquest.com/docview/621934722?accountid=14555
http://search.proquest.com/docview/621934722?accountid=14555
http://search.proquest.com/docview/617134616?accountid=14555
http://search.proquest.com/docview/621876102?accountid=14555
http://search.proquest.com/docview/621876102?accountid=14555
http://search.proquest.com/docview/1011278653?accountid=14555
http://search.proquest.com/docview/618425645?accountid=14555
http://search.proquest.com/docview/618425645?accountid=14555
http://search.proquest.com/docview/618299998?accountid=14555
http://search.proquest.com/docview/620563772?accountid=14555
http://search.proquest.com/docview/620563772?accountid=14555
http://search.proquest.com/docview/619414873?accountid=14555
http://search.proquest.com/docview/619414873?accountid=14555
http://search.proquest.com/docview/616330576?accountid=14555
http://search.proquest.com/docview/616330576?accountid=14555
http://search.proquest.com/docview/620861685?accountid=14555
http://search.proquest.com/docview/620861685?accountid=14555
http://search.proquest.com/docview/616865184?accountid=14555
http://search.proquest.com/docview/618302638?accountid=14555
http://search.proquest.com/docview/618302638?accountid=14555
http://search.proquest.com/docview/617497396?accountid=14555
http://search.proquest.com/docview/617497396?accountid=14555
http://search.proquest.com/docview/619631422?accountid=14555
http://search.proquest.com/docview/619631422?accountid=14555


26. Cairney SA, Durrant SJ, Musgrove H, Lewis PA. Sleep and environmental context: Interactive
effects for memory. Experimental Brain Research. 2011; 214(1):83–92. http://
search.proquest.com/docview/896407250?accountid=14555. doi: 10.1007/s00221-011-2808-7.

27. Dallet K, Wilcox SG. Remembering pictures vs remembering descritptions. Psychonomic Science.
1968; 11(4):139–140. http://search.proquest.com/docview/615546669?accountid=14555.

28. Greenspoon J, Ranyard R. Stimulus conditions and retroactive inhibition. J Exp Psychol. 1957;
53(1):55–59. http://search.proquest.com/docview/615315176?accountid=14555. doi: 10.1037/
h0042803. [PubMed: 13398543]

29. Bouton ME. Context, time, and memory retrieval in the interference paradigms of pavlovian
learning. Psychol Bull. 1993; 114(1):80–99. http://search.proquest.com/docview/618336639?
accountid=14555. doi: 10.1037/0033-2909.114.1.80. [PubMed: 8346330]

30. Nelson JB. Context specificity of excitation and inhibition in ambiguous stimuli. Learn Motiv.
2002; 33(2):284–310. http://search.proquest.com/docview/619739965?accountid=14555. doi:
10.1006/lmot.2001.1112.

31. Bonardi C, Honey RC, Hall G. Context specificity of conditioning in flavoraversion learning:
Extinction and blocking tests. Anim Learn Behav. 1990; 18(3):229–237. http://
search.proquest.com/docview/617880178?accountid=14555. doi: 10.3758/BF03205280.

32. Rescorla RA. Within-subject renewal in sign tracking. Q J Exp Psychol. 2008; 61(12):1793–1802.
http://search.proquest.com/docview/621705412?accountid=14555. doi:
10.1080/17470210701790099.

33. Godden DR, Baddeley AD. Context-dependent memory in two natural environments: On land and
underwater. Br J Psychol. 1975; 66(3):325–331. http://search.proquest.com/docview/616221682?
accountid=14555. doi: 10.1111/j.2044-8295.1975.tb01468.x.

34. Smith SM. Remembering in and out of context. Journal of Experimental Psychology: Human
Learning and Memory. 1979; 5(5):460–471. http://search.proquest.com/docview/616496683?
accountid=14555. doi: 10.1037/0278-7393.5.5.460.

35. Bouton ME, Bolles RC. Contextual control of the extinction of conditioned fear. Learn Motiv.
1979; 10(4):445–466. http://search.proquest.com/docview/616494500?accountid=14555. doi:
10.1016/0023-9690(79)90057-2.

36. Bouton ME, Todd TP, Vurbic D, Winterbauer NE. Renewal after the extinction of free operant
behavior. Learning & Behavior. 2011; 39(1):57–67. http://search.proquest.com/docview/
857128202?accountid=14555. doi: 10.3758/s13420-011-0018-6. [PubMed: 21279496]

37. Pineño O, Miller RR. Signaling a change in cue-outcome relations in human associative learning.
Learning & Behavior. 2004; 32(3):360–375. http://search.proquest.com/docview/620602673?
accountid=14555. doi: 10.3758/BF03196034. [PubMed: 15672830]

38. Bouton ME, Peck CA. Context effects on conditioning, extinction, and reinstatement in an
appetitive conditioning preparation. Anim Learn Behav. 1989; 17(2):188–198. http://
search.proquest.com/docview/617615842?accountid=14555. doi: 10.3758/BF03207634.

39. Brooks DC, Bouton ME. A retrieval cue for extinction attenuates response recovery (renewal)
caused by a return to the conditioning context. J Exp Psychol : Anim Behav Processes. 1994;
20(4):366–379. http://search.proquest.com/docview/618610209?accountid=14555. doi:
10.1037/0097-7403.20.4.366.

40. Bouton ME. Conditioning, remembering, and forgetting. J Exp Psychol : Anim Behav Processes.
1994; 20(3):219–231. http://search.proquest.com/docview/618506113?accountid=14555. doi:
10.1037/0097-7403.20.3.219.

41. Bouton, ME. Learning, motivation, and cognition: The functional behaviorism of Robert C. Bolles.
American Psychological Association; Washington, DC, US: 1997. Signals for whether versus
when an event will occur; p. 385-409.Washington, DChttp://search.proquest.com/docview/
619085718?accountid=14555. 10.1037/10223-019

42. Rescorla, RA.; Wagner, AR. Classical Conditioning II. Vol. 1972. Appleton-Century-Crofts; New
York: 1972. A theory of Pavlovian conditioning: Variations in the effectiveness of reinforcement
and nonreinforcement; p. 64-99.

Rosas et al. Page 9

Wiley Interdiscip Rev Cogn Sci. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://search.proquest.com/docview/896407250?accountid=14555
http://search.proquest.com/docview/896407250?accountid=14555
http://search.proquest.com/docview/615546669?accountid=14555
http://search.proquest.com/docview/615315176?accountid=14555
http://search.proquest.com/docview/618336639?accountid=14555
http://search.proquest.com/docview/618336639?accountid=14555
http://search.proquest.com/docview/619739965?accountid=14555
http://search.proquest.com/docview/617880178?accountid=14555
http://search.proquest.com/docview/617880178?accountid=14555
http://search.proquest.com/docview/621705412?accountid=14555
http://search.proquest.com/docview/616221682?accountid=14555
http://search.proquest.com/docview/616221682?accountid=14555
http://search.proquest.com/docview/616496683?accountid=14555
http://search.proquest.com/docview/616496683?accountid=14555
http://search.proquest.com/docview/616494500?accountid=14555
http://search.proquest.com/docview/857128202?accountid=14555
http://search.proquest.com/docview/857128202?accountid=14555
http://search.proquest.com/docview/620602673?accountid=14555
http://search.proquest.com/docview/620602673?accountid=14555
http://search.proquest.com/docview/617615842?accountid=14555
http://search.proquest.com/docview/617615842?accountid=14555
http://search.proquest.com/docview/618610209?accountid=14555
http://search.proquest.com/docview/618506113?accountid=14555
http://search.proquest.com/docview/619085718?accountid=14555
http://search.proquest.com/docview/619085718?accountid=14555


43. León SP, Abad MJF, Rosas JM. Context–outcome associations mediate context-switch effects in a
human predictive learning task. Learn Motiv. 2011; 42(1):84–98. http://search.proquest.com/
docview/819633573?accountid=14555. doi: 10.1016/j.lmot.2010.10.001.

44. León SP, Abad MJF, Rosas JM. The effect of context change on simple acquisition disappears with
increased training. Psicológica. 2010; 31(1):49–63. http://search.proquest.com/docview/
897337740?accountid=14555.

45. Hall G, Honey RC. Context-specific conditioning in the conditioned-emotional-response
procedure. J Exp Psychol : Anim Behav Processes. 1990; 16(3):271–278. http://
search.proquest.com/docview/617786119?accountid=14555. doi: 10.1037/0097-7403.16.3.271.

46. Preston GC, Dickinson A, Mackintosh NJ. Contextual conditional discriminations. The Quarterly
Journal of Experimental Psychology B: Comparative and Physiological Psychology. 1986; 38B(2):
217–237. http://search.proquest.com/docview/617264734?accountid=14555.

47. León SP, Abad MJF, Rosas JM. Giving contexts informative value makes information context-
specific. Experimental Psychology. 2010; 57(1):46–53. http://search.proquest.com/docview/
622141756?accountid=14555. doi: 10.1027/1618-3169/a000006. [PubMed: 20176550]

48. León SP, Gámez AM, Rosas JM. Mechanisms of contextual control when contexts are informative
to solve the task. The Spanish Journal of Psychology. 2012; 15(1):10–19. http://
search.proquest.com/docview/1020055335?accountid=14555. [PubMed: 22379693]

49. Gawronski B, Rydell RJ, Vervliet B, De Houwer J. Generalization versus contextualization in
automatic evaluation. J Exp Psychol : Gen. 2010; 139(4):683–701. http://search.proquest.com/
docview/756306901?accountid=14555. doi: 10.1037/a0020315. [PubMed: 20919778]

50. Rosas JM, Aguilera JEC, Álvarez MMR, Abad MJF. Revision of retrieval theory of forgetting:
What does make information context-specific? International Journal of Psychology &
Psychological Therapy. 2006; 6(2):147–166. http://search.proquest.com/docview/621394903?
accountid=14555.

51. Rosas JM, García-Gutiérrez A, Callejas-Aguilera JE. Effects of context change upon retrieval of
first and second-learned information in human predictive learning. Psicológica. 2006; 27(1):35–
56. http://search.proquest.com/docview/621145833?accountid=14555.

52. Rosas JM, Callejas-Aguilera JE. Acquisition of a conditioned taste aversion becomes context
dependent when it is learned after extinction. Q J Exp Psychol. 2007; 60(1):9–15. http://
search.proquest.com/docview/621526286?accountid=14555. doi: 10.1080/17470210600971519.

53. Nelson JB, Lombas S, Léon SP. Concurrent extinction does not render appetitive conditioning
context specific. Learning & Behavior. 2011; 39(1):87–94. http://search.proquest.com/docview/
857128089?accountid=14555. doi: 10.3758/s13420-011-0023-9. [PubMed: 21287312]

54. Bernal-Gamboa R, Callejas-Aguilera JE, Nieto J, Rosas JM. Extinction makes conditioning time
dependent. Manuscript submitted for publication. 2012

55. Nelson JB, Callejas-Aguilera JE. The role of interference produced by conflicting associations in
contextual control. J Exp Psychol : Anim Behav Processes. 2007; 33(3):314–326. http://
search.proquest.com/docview/621792851?accountid=14555. doi: 10.1037/0097-7403.33.3.314.

56. Callejas-Aguilera JE, Rosas JM. Ambiguity and context processing in human predictive learning. J
Exp Psychol : Anim Behav Processes. 2010; 36(4):482–494. http://search.proquest.com/docview/
754055646?accountid=14555. doi: 10.1037/a0018527.

57. Pearce JM, Hall G. A model for pavlovian learning: Variations in the effectiveness of conditioned
but not of unconditioned stimuli. Psychol Rev. 1980; 87(6):532–552. http://search.proquest.com/
docview/616478391?accountid=14555. doi: 10.1037/0033-295X.87.6.532. [PubMed: 7443916]

58. Mackintosh NJ. A theory of attention: Variations in the associability of stimuli with reinforcement.
Psychol Rev. 1975; 82(4):276–298. http://search.proquest.com/docview/615999661?
accountid=14555. doi: 10.1037/h0076778.

59. Pearce, JM.; Mackintosh, NJ. Attention and Learning. Oxford University Press; Oxford: 2010.
Two theories of attention: A review and a possible integration; p. 11-39.

60. Le Pelley ME. The role of associative history in models of associative learning: A selective review
and a hybrid model. The Quarterly Journal of Experimental Psychology B: Comparative and
Physiological Psychology. 2004; 57B(3):193–243. http://search.proquest.com/docview/
620413375?accountid=14555. doi: 10.1080/02724990344000141.

Rosas et al. Page 10

Wiley Interdiscip Rev Cogn Sci. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://search.proquest.com/docview/819633573?accountid=14555
http://search.proquest.com/docview/819633573?accountid=14555
http://search.proquest.com/docview/897337740?accountid=14555
http://search.proquest.com/docview/897337740?accountid=14555
http://search.proquest.com/docview/617786119?accountid=14555
http://search.proquest.com/docview/617786119?accountid=14555
http://search.proquest.com/docview/617264734?accountid=14555
http://search.proquest.com/docview/622141756?accountid=14555
http://search.proquest.com/docview/622141756?accountid=14555
http://search.proquest.com/docview/1020055335?accountid=14555
http://search.proquest.com/docview/1020055335?accountid=14555
http://search.proquest.com/docview/756306901?accountid=14555
http://search.proquest.com/docview/756306901?accountid=14555
http://search.proquest.com/docview/621394903?accountid=14555
http://search.proquest.com/docview/621394903?accountid=14555
http://search.proquest.com/docview/621145833?accountid=14555
http://search.proquest.com/docview/621526286?accountid=14555
http://search.proquest.com/docview/621526286?accountid=14555
http://search.proquest.com/docview/857128089?accountid=14555
http://search.proquest.com/docview/857128089?accountid=14555
http://search.proquest.com/docview/621792851?accountid=14555
http://search.proquest.com/docview/621792851?accountid=14555
http://search.proquest.com/docview/754055646?accountid=14555
http://search.proquest.com/docview/754055646?accountid=14555
http://search.proquest.com/docview/616478391?accountid=14555
http://search.proquest.com/docview/616478391?accountid=14555
http://search.proquest.com/docview/615999661?accountid=14555
http://search.proquest.com/docview/615999661?accountid=14555
http://search.proquest.com/docview/620413375?accountid=14555
http://search.proquest.com/docview/620413375?accountid=14555


61. Harris JA, Jones ML, Bailey GK, Westbrook RF. Contextual control over conditioned responding
in an extinction paradigm. J Exp Psychol.: Anim Behav Processes. 2000; 26(2):174–185. http://
search.proquest.com/docview/619453673?accountid=14555. doi: 10.1037/0097-7403.26.2.174.

62. Nakajima S, Tanaka S, Urushihara K, Imada H. Renewal of extinguished lever-press responses
upon return to the training context. Learn Motiv. 2000; 31(4):416–431. http://search.proquest.com/
docview/619537707?accountid=14555. doi: 10.1006/lmot.2000.1064.

63. Todd, TP. Mechanisms of renewal after the extinction of instrumental behavior. Submitted for
publication

64. Bouton, ME.; Todd, TP.; León, SP. Contextual control of discriminated operant learning. In
preparation

65. Crombag HS, Shaham Y. Renewal of drug seeking by contextual cues after prolonged extinction in
rats. Behav Neurosci. 2002; 116(1):169–173. http://search.proquest.com/docview/619817929?
accountid=14555. doi: 10.1037/0735-7044.116.1.169. [PubMed: 11895178]

66. Gibson, JJ. Perceiving, Acting, and Knowing. Erlbaum; Hillsdale, NJ: 1977. The theory of
affordances; p. 67-82.

Rosas et al. Page 11

Wiley Interdiscip Rev Cogn Sci. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://search.proquest.com/docview/619453673?accountid=14555
http://search.proquest.com/docview/619453673?accountid=14555
http://search.proquest.com/docview/619537707?accountid=14555
http://search.proquest.com/docview/619537707?accountid=14555
http://search.proquest.com/docview/619817929?accountid=14555
http://search.proquest.com/docview/619817929?accountid=14555

