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Abstract
According to the attentional theory of context processing (ATCP), learning becomes context specific when acquired under
conditions that promote attention toward contextual stimuli regardless of whether attention deployment is guided by learning
experience or by other factors unrelated to learning. In one experiment with humans, we investigated whether performance in a
predictive learning task can be brought under contextual control by means of a secondary task that was unrelated to predictive
learning, but supposed to modulate participants’ attention toward contexts. Initially, participants acquired cue-outcome relation-
ships presented in contexts that were each composed of two elements from two dimensions. Acquisition training in the predictive
learning task was combined with a one-back task that required participants to match across consecutive trials context elements
belonging to one of the two dimensions. During a subsequent test, we observed that acquisition behavior in the predictive
learning task was disrupted by changing the acquisition context along the dimension that was relevant for the one-back task,
while there was no evidence for context specificity of predictive learning when the acquisition context was changed along the
dimension that was irrelevant for the one-back task. Our results support the generality of the principles advocated by ATCP.
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Does learning taking place in one situation completely transfer
to other situations, or is learning to some extent specific to the
context of acquisition? According to the attentional theory of
context processing (ATCP; Rosas, Callejas-Aguilera, Ramos-
Álvarez, & Abdad, 2006), the answer to this question depends
on features of the learning situation determining attention de-
ployment. A core assumption of ATCP is that if an organism
pays attention to the context, then any information learned in
this context is processed in a way that renders it context spe-
cific. ATCP specifies several factors that influence the amount
of attention toward contextual stimuli. These factors can be
divided in two classes. One class of factors considers that
attention toward contexts is modulated by learning experi-
ence. This class comprises the factors experience with con-
texts, informative value of contexts, and presence of ambigu-
ous information, each of these factors being consistent with

principles advocated by formal theories of learning and atten-
tion (e.g., Mackintosh, 1975; Pearce & Hall, 1980).

ATCP (Rosas et al., 2006) assumes that the amount of
attention paid to context stimuli changes with context experi-
ence. With this proposal, ATCP takes account of findings
indicating that contextual control of acquisition diminishes
over the course of training in an incidental context (e.g., Hall
& Honey, 1990; León, Abad, & Rosas, 2010a, 2011; but see
Bonardi, Honey, & Hall, 1990). According to ATCP, inci-
dental context stimuli may receive considerable attention
early in learning, but this attention decreases with progres-
sive training as the inferiority of the context’s predictive
value becomes evident (see Mackintosh, 1975; for support
from eye tracking, see Aristizabal, Ramos-Álvarez,
Callejas-Aguilera, & Rosas, 2016).

ATCP (Rosas et al., 2006) also proposes that the informa-
tive value of contexts affects attention deployment. This as-
sumption is based on results showing that acquisition is more
context specific when training was conducted in a context that
provides information about cue-outcome contingencies than
in an uninformative context (e.g., León, Abad, & Rosas,
2010b; Lucke, Lachnit, Koenig, & Uengoer, 2013; Preston,
Dickinson, & Mackintosh, 1986). To account for this finding,
ATCP assumes that contexts with predictive value receive
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more attention than those carrying no predictive information
(see Mackintosh, 1975; for support from eye tracking, see
Lucke et al., 2013, Experiment 2).

Moreover, ATCP (Rosas et al., 2006) assumes that the
presence of ambiguous information shifts attention toward
context stimuli. With this proposal, ATCP accounts for reports
that acquisition performance toward a stimulus is more strong-
ly affected by contextual manipulations when acquisition
training took place in a situation in which another stimulus
underwent extinction (e.g., Bernal-Gamboa, Rosas, &
Callejas-Aguilera, 2014; Rosas & Callejas-Aguilera, 2006,
2007; but see Nelson & Lamoureux, 2015). According to
ATCP, the unexpected omission of the outcome in extinction
arouses attention toward contextual stimuli (see Darby &
Pearce, 1995; Pearce & Hall, 1980).

ATCP (Rosas et al., 2006) also considers that attention
to contexts is influenced by a second class of factors that
are not based on learning experience. This second class
comprises (Bnonlearning^) factors such as instructions (in
case of humans) and the relative salience of contexts and
cues.

With ATCP, Rosas et al. (2006) provided an intriguing
theoretical framework for understanding the varying impacts
of contextual changes on behavior. However, all the empirical
evidence supporting ATCP comes from studies aimed at mod-
ulating attention to contexts by manipulating subjects’ learn-
ing history. Empirical research, however, so far widely
neglected investigating the impact of Bnonlearning^ factors
on context specificity of behavior.

Therefore, in the present experiment, we investigated
whether attention to contextual stimuli modulates context-
specificity of acquisition behavior, but in order to manip-
ulate attention toward contexts, we applied a variant of
the n-back task—a working memory task where perfor-
mance is unrelated to learning processes. In this kind of
task, participants are presented with a sequence of stimuli
and are requested to indicate whether the current stimulus
matches the stimulus shown n trials before. Evidence sug-
gests that working memory load induced by the n-back
task can reduce processing of task-irrelevant stimuli (e.g.,
Rose, Schmid, Winzen, Sommer, & Büchel, 2005; Simon,
Tusch, Holcomb, & Daffner, 2016).

The current experiment combined a one-back task and a
predictive learning task. In the predictive learning task (see
Table 1), participants were asked to imagine being a physician
whose patient frequently suffers from stomach trouble after
meals in restaurants. Participants received a sequence of trials
each showing one of several cues (food types) in one of sev-
eral contexts (restaurants). Each context was composed of two
elements: a color spot and a picture of an animal. The context
color (Dimension A) was either red or blue (counterbalanced
as A1 and A2), and the context animal (Dimension B) was
either a bear or a whale (counterbalanced as B1 and B2).

During the acquisition phase, participants received training
with a target cue Z+ in context A1B1. Then, participants re-
ceived a series of test trials showing cue Z in each of three
contexts: (1) the acquisition context A1B1, (2) context A1B2
that differed from the acquisition context only on dimension
B, and (3) context A2B1 that differed from the acquisition
context only on Dimension A.

During the acquisition phase, participants also per-
formed a one-back task. For half of the participants
(Group Color), the one-back task was based on Context
Dimension A. For each acquisition trial (except the first
one), these participants were asked to indicate whether
the context color in the current trial is identical to the con-
text color from the preceding trial. For the other half
(Group Animal), the one-back task was based on Context
Dimension B. Participants in this group were required to
indicate whether the context animal in the current trial is
identical to the context animal from the preceding trial.

If performance on the one-back task promotes attention
toward the task-relevant stimuli, then participants’ attention
in Group Color should be biased in favor of context elements
from Dimension A, while attention in Group Animal should
be biased in favor of context elements from Dimension B.
According to ATCP, this difference in attention deployment
between the groups should lead to differences in context-
specific learning about cue Z: in Group Color acquisition,
behavior toward Z should mainly depend on context element
A1, while in Group Animal, acquisition shouldmainly depend
on context element B1. As a consequence, changing the ac-
quisition context along Dimension A (context A2B1) during
the test phase should disrupt acquisition performance to Z in
Group Color, but not in Group Animal. And, changing the
acquisition context along Dimension B (context A1B2)
should disrupt acquisition performance in Group Animal,
but not in Group Color.

Table 1 The predictive learning schedule of the experiment

Context Acquisition Test

A1B1 Z+, F1− Z?

A1B2 F2+, F3− Z?

A2B1 F4+, F5− Z?

A2B2 F6+, F7−

Note. Context elements A1 and A2 correspond to colored spots (red and
blue, counterbalanced), and context elements B1 and B2 to pictures of
animals (bear and whale, counterbalanced). Cues Z, F1 to F7 represent
pictures of individual food types. B+^ = feedback that stomach trouble
occurred; B–^ = feedback about nonoccurrence of stomach trouble; B?^ =
participants received no feedback. In addition to the predictive learning
regime, participants worked on a one-back task during the acquisition
phase, which required matching context elements across consecutive tri-
als. The one-back task was based on A1 and A2 for Group Color, and on
B1 and B2 for Group Animal
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Method

Participants

Sixty students from Philipps-Universität Marburg (45 fe-
males) participated in the experiment and received either
course credit or payment. Their ages varied between 18 and
59 years, with a median of 22. Participants were randomly
allocated to the two groups as they arrived at the experimental
room. They were tested individually and required approxi-
mately 20 minutes to complete the experiment. Participants
gave informed written consent to participate in the experi-
ment. The experimental procedure was approved by the ethics
committee of the Psychology Department of the Philipps-
Universität Marburg.

Apparatus and stimuli

The stimuli, instructions, and further necessary information
were presented on a computer screen. Participants interacted
with the computer by using the mouse. Pictures of the follow-
ing food types were used as cues Z, F1 to F7: avocado, ba-
nana, broccoli, orange, pear, pepper, pineapple, and strawber-
ry. The assignment of the food types to the cues was imple-
mented randomly for each participant. Four pairs of stimuli
served as contexts A1B1, A1B2, A2B1, and A2B2. Each
stimulus pair consisted of a color spot (red or blue) and a
picture of an animal (bear or whale). Both the assignment of
red and blue to context elements A1 and A2 and the assign-
ment of bear and whale to context elements B1 and B2 were
implemented randomly for each participant. The two out-
comes were the occurrence (+) or nonoccurrence (−) of stom-
ach trouble.

Procedure

Initially, participants received written instructions about
the tasks. Participants were asked to imagine being a phy-
sician whose patient often suffers from stomach trouble
after having eaten certain meals in restaurants, and they
were told that their task is to discover the causes of this
stomach trouble. Participants were informed that the names
of the restaurants visited by the patient were each com-
posed of a color and an animal. Participants were told that
they would be shown which restaurant the patient has vis-
ited each day and which foods the patient has eaten there.
Participants were informed that they would be asked to
predict for each day whether the patient suffers from stom-
ach trouble or not, and that each prediction would be
followed by feedback about the patient’s actual response.
Furthermore, participants were instructed to perform a
memory task. Half of the participants (Group Color) re-
ceived the information that they would have to indicate

whether the color of the restaurant on a given trial was
identical to the restaurant color from the preceding trial,
whereas the other half of participants (Group Animal) were
told that they would be asked whether the animal of the
restaurant on a given trial was identical to the restaurant
animal from the preceding trial.

The acquisition phase (see Table 1) comprised 128 trials
divided into eight blocks. Each of the eight cue/context com-
binations (Z+/A1B1, F1−/A1B1, F2+/A1B2, F3−/A1B2,
F4+/A2B1, F5−/A2B1, F6+/A2B2, F7−/A2B2) was present-
ed twice per block. The order of presentation was determined
randomly for each block and each participant.

On each acquisition trial, two context elements (a color
spot and a picture of an animal) were presented side by side
on the top half of the screen. The color spot was shown on the
left, the picture of the animal on the right. The phrases BThe
patient ate at the restaurant^ and Bthe following food type^
were presented above and below the context elements, respec-
tively. At the center of the screen, a picture of a single food
type was shown. Participants were asked to predict whether or
not their patient will suffer from stomach trouble after having
eaten the food. They made their prediction by clicking on one
of two buttons, labeled BYes, I expect stomach trouble^ and
BNo, I do not expect stomach trouble.^ Immediately after
participants responded, a feedback window appeared, telling
whether or not the patient suffered from stomach trouble. By
clicking on an BOK^ button, the feedback window was re-
placed by a window showing the one-back question. For half
of the participants (Group Color), the one-back question asked
whether the color of the restaurant was identical to the restau-
rant color from the preceding trial, whereas the other half
(Group Animal) was asked whether the animal of the restau-
rant was identical to the restaurant animal from the preceding
trial. Participants gave their answer by clicking on one of two
buttons labeled BYes^ and BNo^ and were subsequently in-
formed whether their answer was correct or incorrect. After
clicking on an BOK^ button, the next trial started (the compo-
nents of the one-back task were omitted on the first trial of the
acquisition phase). The feedback window of the predictive
learning task and the components of the one-back task cov-
ered the food picture, while the two context elements were
displayed throughout a trial.

After completion of the acquisition phase, participants re-
ceived a series of test trials, which was introduced by instruc-
tions informing the participants that both the feedback about
the patient’s actual reaction and the memory task will be omit-
ted from now on. The test phase consisted of 12 trials. Each of
the three cue/context combinations (Z/A1B1, Z/A1B2,
Z/A2B1) was presented four times, with the order of presen-
tation randomized for each participant. The test trials were
identical to the acquisition trials, except that the feedback on
whether or not stomach trouble occurred and the one-back
task were omitted.
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Results

The .05 level of significance was used in all statistical tests.
Stated probability levels were based on the Greenhouse–
Geisser (Greenhouse & Geisser, 1959) adjustment of degrees
of freedom where appropriate. We used partial eta squared
(ηp

2) as the measure of effect size.
The groups equally mastered the one-back task. The mean

percentage of correct answers across the 127 one-back trials
was 88.42% (SEM = 1.14) in Group Color, and 90.11% (SEM
= 1.06) in Group Animal, t(58) = −1.09, p = .28.

Figure 1 presents the mean proportion of trials on which
stomach trouble was predicted in response to Z in context
A1B1 across the eight blocks of the acquisition phase separat-
ed by groups. Black circles correspond to data from Group
Color, white circles to data from Group Animal.

A Block (1 − 8) × Group (Color vs. Animal) repeated-
measures analysis of variance (ANOVA) revealed a main ef-
fect of block, F(7, 406) = 29.35, p < .001, ηp

2 = .34, showing
an increase of stomach trouble predictions to Z over the course
of training. The main effect of group, F(1, 58) = 1.55, p = .22,
and the interaction, F < 1, were not significant, indicating no
differences between groups in performance to Z.

Figure 2 presents responding to Z in contexts A1B1, A1B2,
and A2B1 during the test phase in terms of the mean propor-
tion of stomach trouble predictions collapsed across the four
presentations of Z in each context separated by groups. Left-
hand bars represent data from Group Color, right-hand bars
data fromGroup Animal.Within each group, the dark gray bar
shows responding in the acquisition context A1B1, the light
gray bar responding in context A1B2, and the white bar
responding in context A2B1.

A Context (A1B1, A1B2, A2B1) × Group (Color vs.
Animal) ANOVA revealed a significant Context × Group in-
teraction, F(2, 116) = 4.17, p = .02, ηp

2 = .07. The main effects
of context, F(2, 116) = 1.80, p = .17, and of group, F < 1, were
not significant.

To decompose the Context × Group interaction, we con-
ducted planned comparisons using contrast analyses (p values
were Bonferroni adjusted for multiple comparisons). The
levels of the factor context (A1B1, A1B2, A2B1) received
the contrast weights λ = [1, 1, −2] to code for the hypothesis
that a change of the acquisition context A1B1 along dimension
A (A2B1) disrupts acquisition performance, but not a change
along dimension B (A1B2). This contrast was significant for
Group Color, F(1, 58) = 6.06, p = .03, but nonsignificant in
case of Group Animal, F(1, 58) = 1.84, p = .36. For a second
contrast, the factor levels of context received the contrast
weights λ = [1, −2, 1] coding the hypothesis that a change of
the acquisition context along Dimension B disrupts acquisition
performance, but not a change alongDimensionA. The second
contrast was nonsignificant for Group Color, F < 1, but
reached significance in GroupAnimal, F(1, 58) = 5.67, p = .04.

Discussion

In the present experiment, participants acquired responding
toward a target cue in a context composed of two elements
from two dimensions, while additionally performing an n-
back task for which context elements from one dimension
were task-relevant and those from the other dimension were
task-irrelevant. In a subsequent test, we observed that acqui-
sition behavior toward the target cue was disrupted by chang-
ing the acquisition context along the dimension that was task-
relevant for the n-back task. However, there was no evidence
that acquisition was affected by changing the acquisition con-
text along the dimension that was irrelevant for the n-back
task. Our results are consistent with the idea that performance
on the n-back task encouraged participants to pay more atten-
tion to context elements that were relevant for solving the task
than to those that were task irrelevant, and that this difference
in attention facilitated behavioral control by the former con-
text elements compared to the latter.

Our results support the principle advocated by ATCP
(Rosas et al., 2006) that context specificity of learning de-
pends on attention allocated to contextual stimuli. In accor-
dance with ATCP, previous research revealed that contextual
control of behavior is influenced by several treatments sup-
posed to alter attention to contexts via learning experience
(e.g., León et al., 2010a, 2010b, 2011; Lucke et al., 2013;
Rosas & Callejas-Aguilera, 2006, 2007). The present experi-
ment extends these studies in an important way by demon-
strating that context specificity of learning can be modulated
by Bnonlearning^ treatments.

Fig. 1. Mean proportions of stomach trouble predictions to Z in context
A1B1 across the eight blocks of the acquisition phase separated by
groups. Error bars denote standard error of the means
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If it is accepted that performance on the n-back task mod-
ulated the salience of the context elements, then the present
results are compatible with a variety of associative learning
models. Under this premise, our results are consistent with
configural theories (e.g., Kinder & Lachnit, 2003; Kruschke,
1992; Pearce, 1994) assuming that the stimulation provoked
by a particular configuration of stimuli results in one unitary
representation that enters into associations with outcomes. A
theoretical framework for the present results is also provided
by hierarchical models (e.g., Bouton, 1993, 1994), suggesting
that contexts modulate activation of entire cue–outcome asso-
ciations. And, the assumption of differences in the salience of
context elements reconciles our findings with unique-cue ex-
tensions of elemental theories (e.g., Rescorla &Wagner, 1972).
According to this view, any combination of stimuli is encoded
by representations of the individual elements and a cue that is
unique to the specific stimulus conjunction. However, purely
elemental theories cannot account for our results. This ap-
proach predicts for the present experiment that the context
elements belonging to the same dimension should have ac-
quired equal associative strengths, which makes it impossible
to account for the context-specificity effect that we observed.

There is evidence suggesting that repeated presentations of
a cue in a context establish a direct association between inter-
nal representations of the cue and the context (e.g., Marlin,
1982). For the present experiment, it is possible that cue–con-
text associations may have modulated the ease with which
participants detected contextual changes regarding the target
cue. The circumstance that context elements that were relevant
for solving the n-back task received more attention than those

that were irrelevant may have resulted in a stronger associa-
tion between the target cue and the task-relevant context ele-
ment than between the cue and the task-irrelevant context
element. Therefore, presentations of the target cue outside its
original acquisition context may have been more surprising
when the context change was achieved by replacing the task-
relevant context element rather than the task-irrelevant context
element.

Previous research provided evidence that the working
memory load related to the n-back task induces changes in
attention deployment (e.g., Rose et al., 2005; Simon et al.,
2016). However, an application of these findings to the pres-
ent experiment should be made with caution, as there are
several procedural differences between the n-back task from
the present experiment and those used in the previous studies
(e.g., number of stimuli, presence and type of additional
tasks). Therefore, future research will be required that manip-
ulate the working memory load related to the n-back task, for
instance, by manipulating the number of trials between the
stimuli that have to be compared, and assess its impact on
the context specificity of learning.

The present experiment is silent about the way in which
performance on the n-back task may have established a dif-
ference in the salience of task-relevant and task-irrelevant con-
text elements. Such a difference in salience might arise from
increases of attention to task-relevant context elements, de-
creases of attention to task-irrelevant context elements, or
both. Future research will be required to specify the dynamics
of attentional changes, for instance, by considering a control
condition for which the n-back task is omitted.

Fig. 2. Mean proportions of stomach trouble predictions to Z in contexts A1B1,A1B2, andA2B1, collapsed across the four presentations in each context
during the test phase separated by groups. Error bars denote standard error of the means

324 Learn Behav (2018) 46:320–326



In the present experiment, we manipulated the psycholog-
ical salience of context elements by training them as either
relevant or irrelevant for the n-back task. According to
ATCP (Rosas et al., 2006), differences in physical salience
of context elements should also affect the context specificity
of learning. The way in which humans and other animals
allocate attention across environmental stimuli is influenced
by bottom-up factors that are determined by physical proper-
ties of the stimuli. Stimuli with physical features that stand in
contrast to the physical properties of neighboring stimuli are
more likely to capture attention. For instance, attention de-
ployment is biased in favor of stimuli with abrupt onsets
(Yantis & Jonides, 1984), or stimuli that differ in their color
from an otherwise uniformly colored set of stimuli (a red
element among green elements; Theeuwes, 2004). Future re-
search may investigate the impact of physical context salience
on the context specificity of learning, which is necessary to
further evaluate the generality of the principles advocated by
ATCP.

Funding This research was supported by Grant LA 564/22-2 from the
German Research Foundation (Deutsche Forschungsgemeinschaft) to
Harald Lachnit.

References

Aristizabal, J. A., Ramos-Álvarez, M. M., Callejas-Aguilera, J. E., &
Rosas, J. M. (2016). Attention to irrelevant contexts decreases as
training increases: Evidence from eye-fixations in a human predic-
tive learning task. Behavioural Processes, 124, 66–73. https://doi.
org/10.1016/j.beproc.2015.12.008

Bernal-Gamboa, R., Rosas, J. M., & Callejas-Aguilera, J. E. (2014).
Experiencing extinction within a task makes nonextinguished infor-
mation learned within a different task context-dependent.
Psychonomic Bulletin & Review, 21(3), 803–808. https://doi.org/
10.3758/s13423-013-0558-1

Bonardi, C., Honey, R. C., & Hall, G. (1990). Context specificity of
conditioning in flavor-aversion learning: Extinction and blocking
tests. Animal Learning & Behavior, 18(3), 229–237. https://doi.
org/10.3758/BF03205280

Bouton, M. E. (1993). Context, time, and memory retrieval in the inter-
ference paradigms of Pavlovian learning. Psychological Bulletin,
114(1), 80–99. https://doi.org/10.1037//0033-2909.114.1.80

Bouton, M. E. (1994). Conditioning, remembering, and forgetting.
Journal of Experimental Psychology: Animal Behavior Processes,
20(3), 219–231. https://doi.org/10.1037//0097-7403.20.3.219

Darby, R. J., & Pearce, J. M. (1995). Effects of context on responding
during a compound stimulus. Journal of Experimental Psychology:
Animal Behavior Processes, 21(2), 143–154. https://doi.org/10.
1037/0097-7403.21.2.143

Greenhouse, S. W., & Geisser, S. (1959). On methods in the analysis of
profile data. Psychometrika, 24, 95–112.

Hall, G., & Honey, R. C. (1990). Context-specific conditioning in the
conditioned-emotional-response procedure. Journal of
Experimental Psychology: Animal Behavior Processes, 16(3),
271–278. https://doi.org/10.1037//0097-7403.16.3.271

Kinder, A., & Lachnit, H. (2003). Similarity and discrimination in human
Pavlovian conditioning.Psychophysiology, 40, 226–234. https://doi.
org/10.1111/1469-8986.00024

Kruschke, J. K. (1992). ALCOVE: An exemplar-based connectionist
model of category learning. Psychological Review, 99(1), 22–44.
https://doi.org/10.1037/0033-295X.99.1.22

León, S. P., Abad, M. J. F., & Rosas, J. M. (2010a). The effect of context
change on simple acquisition disappears with increased training.
Psicológica, 31, 49–63.

León, S. P., Abad, M. J. F., & Rosas, J. M. (2010b). Giving contexts
informative value makes information context-specific.
Experimental Psychology, 57(1), 46–53. https://doi.org/10.1027/
1618-3169/a000006

León, S. P., Abad, M. J., & Rosas, J. M. (2011). Context–outcome asso-
ciations mediate context-switch effects in a human predictive learn-
ing task. Learning and Motivation, 42(1), 84–98. https://doi.org/10.
1016/j.lmot.2010.10.001

Lucke, S., Lachnit, H., Koenig, S., & Uengoer, M. (2013). The informa-
tional value of contexts affects context-dependent learning.
Learning & Behavior, 41(3), 285–297. https://doi.org/10.3758/
s13420-013-0104-z

Mackintosh, N. J. (1975). A theory of attention: Variations in the
associability of stimuli with reinforcement. Psychological Review,
82(4), 276–298. https://doi.org/10.1037/h0076778

Marlin, N. A. (1982). Within-compound associations between the context
and the conditioned stimulus. Learning and Motivation, 13(4), 526–
541. https://doi.org/10.1016/0023-9690(82)90008-X

Nelson, J. B., & Lamoureux, J. A. (2015). Contextual control of condi-
tioning is not affected by extinction in a behavioral task with
humans. Learning & Behavior, 43(2), 163–178. https://doi.org/10.
3758/s13420-015-0170-5

Pearce, J. M. (1994). Similarity and discrimination: A selective review
and a connectionist model. Psychological Review, 101(4), 587–607.
https://doi.org/10.1037//0033-295X.101.4.587

Pearce, J. M., & Hall, G. (1980). A model for Pavlovian learning:
Variations in the effectiveness of conditioned but not of uncondi-
tioned stimuli. Psychological Review, 87(6), 532–552. https://doi.
org/10.1037//0033-295X.87.6.532

Preston, G. C., Dickinson, A., & Mackintosh, N. J. (1986). Contextual
conditional discriminations. Quarterly Journal of Experimental
Psychology, 38B(2), 217–237. https://doi.org/10.1080/
14640748608402230

Rescorla, R. A., & Wagner, A. R. (1972). A theory of Pavlovian condi-
tioning: Variations in the effectiveness of reinforcement and
nonreinforcement. In A. H. Black & W. F. Prokasy (Eds.),
Classical conditioning II: Current research and theory (pp. 64–99).
New York, NY: Appleton-Century-Crofts.

Rosas, J. M., & Callejas-Aguilera, J. E. (2006). Context switch effects on
acquisition and extinction in human predictive learning. Journal of
Experimental Psychology: Learning, Memory, and Cognition,
32(3), 461–474. https://doi.org/10.1037/0278-7393.32.3.461

Rosas, J. M., & Callejas-Aguilera, J. E. (2007). Acquisition of a condi-
tioned taste aversion becomes context dependent when it is learned
after extinction. The Quarterly Journal of Experimental Psychology,
60(1), 9–15. https://doi.org/10.1080/17470210600971519

Rosas, J. M., Callejas-Aguilera, J. E., Ramos-Álvarez, M. M., & Abdad,
M. J. F. (2006). Revision of retrieval theory of forgetting:What does
make information context-specific?. International Journal of
Psychology and Psychological Therapy, 6(2), 147–166. Retrieved
from http://www.ijpsy.com/volumen6/num2/136/revision-of-
retrieval-theory-of-forgetting-EN.pdf

Rose, M., Schmid, C., Winzen, A., Sommer, T., & Büchel, C. (2005). The
functional and temporal characteristics of top-down modulation in
visual selection.Cerebral Cortex, 15(9), 1290–1298. https://doi.org/
10.1093/cercor/bhi012

Simon, S. S., Tusch, E. S., Holcomb, P. J., & Daffner, K. R. (2016).
Increasing working memory load reduces processing of cross-
modal task-irrelevant stimuli even after controlling for task difficulty

Learn Behav (2018) 46:320–326 325

https://doi.org/10.1016/j.beproc.2015.12.008
https://doi.org/10.1016/j.beproc.2015.12.008
https://doi.org/10.3758/s13423-013-0558-1
https://doi.org/10.3758/s13423-013-0558-1
https://doi.org/10.3758/BF03205280
https://doi.org/10.3758/BF03205280
https://doi.org/10.1037//0033-2909.114.1.80
https://doi.org/10.1037//0097-7403.20.3.219
https://doi.org/10.1037/0097-7403.21.2.143
https://doi.org/10.1037/0097-7403.21.2.143
https://doi.org/10.1037//0097-7403.16.3.271
https://doi.org/10.1111/1469-8986.00024
https://doi.org/10.1111/1469-8986.00024
https://doi.org/10.1037/0033-295X.99.1.22
https://doi.org/10.1027/1618-3169/a000006
https://doi.org/10.1027/1618-3169/a000006
https://doi.org/10.1016/j.lmot.2010.10.001
https://doi.org/10.1016/j.lmot.2010.10.001
https://doi.org/10.3758/s13420-013-0104-z
https://doi.org/10.3758/s13420-013-0104-z
https://doi.org/10.1037/h0076778
https://doi.org/10.1016/0023-9690(82)90008-X
https://doi.org/10.3758/s13420-015-0170-5
https://doi.org/10.3758/s13420-015-0170-5
https://doi.org/10.1037//0033-295X.101.4.587
https://doi.org/10.1037//0033-295X.87.6.532
https://doi.org/10.1037//0033-295X.87.6.532
https://doi.org/10.1080/14640748608402230
https://doi.org/10.1080/14640748608402230
https://doi.org/10.1037/0278-7393.32.3.461
https://doi.org/10.1080/17470210600971519
http://www.ijpsy.com/volumen6/num2/136/revision-of-retrieval-theory-of-forgetting-EN.pdf
http://www.ijpsy.com/volumen6/num2/136/revision-of-retrieval-theory-of-forgetting-EN.pdf
https://doi.org/10.1093/cercor/bhi012
https://doi.org/10.1093/cercor/bhi012


and executive capacity. Frontiers in Human Neuroscience, 10(522),
2189. https://doi.org/10.3389/fnhum.2016.00380

Theeuwes, J. (2004). Top-down search strategies cannot override atten-
tional capture. Psychonomic Bulletin & Review, 11(1), 65–70.
https://doi.org/10.3758/BF03206462

Yantis, S., & Jonides, J. (1984). Abrupt visual onsets and selective atten-
tion: Evidence from visual search. Journal of Experimental
Psychology: Human Perception and Performance, 10(5), 601–
621. https://doi.org/10.1037//0096-1523.10.5.601

326 Learn Behav (2018) 46:320–326

https://doi.org/10.3389/fnhum.2016.00380
https://doi.org/10.3758/BF03206462
https://doi.org/10.1037//0096-1523.10.5.601

	Attention toward contexts modulates context-specificity of behavior in human predictive learning: Evidence from the n-back task
	Abstract
	Method
	Participants
	Apparatus and stimuli
	Procedure

	Results
	Discussion
	References


