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Decades of research in extinction and interference show that contexts can play a critical

role at disambiguating the meaning of cues that have been paired with different outcomes

at different times. For instance, if a cue x is followed by outcome 1 in the first phase

of an experiment and by outcome 2 in a second phase, responses to cue x tend to

be consistent with outcome 2 when tested in a context similar to that of the second

phase of the experiment. However, if participants are taken back to the original context

of the first phase (i.e., ABA renewal) or to a completely new context (i.e., ABC or AAB

renewal), their responses to x tend to be more consistent with outcome 1. Although

the role of physical and temporal contexts has been well studied, other factors that can

also modulate the selective retrieval of information after interference have received less

attention. The present series of experiments shows how changes in cue configuration

can modulate responding in a similar manner. Across five experiments using a human

predictive learning task, we found that adding, removing or replacing elements from a

compound cue that had undergone an interference treatment gave rise to a recovery of

responding akin to that observed after context changes in AAB renewal. These results

are consistent with those of previous studies exploring the effect of changes of cue

configuration on interference. Taken together, these studies suggest that a change in

cue configuration can have the functional properties of a context change, a finding with

important implications for formal models of configural learning and for classical accounts

of interference and information retrieval.

Keywords: configural learning, context, interference, renewal, information retrieval, predictive learning,

associative learning

INTRODUCTION

Learning is an essential skill for survival. If a cue is consistently followed by an outcome, learning
will allow an animal to predict this outcome and act accordingly. However, circumstances may
change and the responses to a cue that were optimal in a specific situation can be damaging in a
different setting. Fortunately, learning is a flexible mechanism that allows organisms to adapt their
behavior to new situations. A typical procedure for studying how organisms adapt their response to
new conditions is to present a signal followed consistently by an outcome (e.g., x-o1) and then, once
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animals have learned this association, present the same signal
followed by a different outcome (e.g., x-o2). Not surprisingly,
when presented with that cue, participants initially respond
according to o1 but then they adapt their responses to o2. Some
of the most popular effects explored by learning and memory
psychologists, like extinction (Pavlov, 1927; Miller et al., 2015),
latent inhibition (Lubow, 1973; De la Casa and Lubow, 1995;
Rodríguez et al., 2014; Miguez et al., 2015), counterconditioning
(Bouton and Peck, 1992; Raes and De Raedt, 2012), or retrieval-
induced forgetting (Anderson et al., 1994; Vadillo et al., 2013,
2016) belong to this family of interference phenomena.

Traditional associative learning models (e.g., Rescorla and
Wagner, 1972) predict that, in these conflicting situations, the
information acquired during the second phase should erase
and replace the information learned in the first phase. This
prediction, known as catastrophic interference (McCloskey and
Cohen, 1989; Ratcliff, 1990; Lewandowsky, 1991), implies that
the first information learned becomes irretrievable after second-
phase training. However, a plethora of research shows that first-
learned information is not usually erased from memory after an
interference treatment: It remains encoded and can be retrieved
through specific manipulations. For instance, Pavlov (1927)
showed that, after an interference treatment, the mere passage
of time elicited behavior consistent with the first information
learned (i.e., spontaneous recovery). Recent research shows that
changing the physical context immediately before testing can also
cause the expression of behavior consistent with the first-learned
information. This effect, known as renewal, can be observed
when the two training phases and test are conducted in three
different contexts (ABC renewal; Thomas et al., 2003; Pineño
and Miller, 2004), when both training phases take place in
the same context but the test is conducted in a new context
(AAB renewal; Bouton and Ricker, 1994; Thomas et al., 2003;
Rosas et al., 2006b), and, finally, when initial training and test
are conducted in the same context but the second information
is learned in a different context (ABA renewal; Bouton and
Bolles, 1979; Rosas and Bouton, 1998; Paredes-Olay and Rosas,
1999).

In the present series of experiments we explored yet another
factor that could also modulate the expression of information
after an interference treatment: The configuration of the cues.
Published data suggest that changes in the cues can affect the
perception of contexts (e.g., Bouton and Swartzentruber, 1991;
Lovibond et al., 2000). According to this hypothesis, a change
in the configuration of the cue might induce the expression
of the first information learned after an interference paradigm.
Consistent with this prediction, a recent series of experiments
using a fear conditioning preparation (Vervliet et al., 2004, 2005)
has shown that this kind of manipulation can produce an effect
similar to the ABA renewal. For example, during the first phase of
the experiment, Vervliet et al. (2005) exposed their participants to
repeated pairings of a geometric figure with a mild electric shock.
In the second phase, for half of the participants the configuration
of the cue changed (e.g., the angles of the shape became sharper),
while for the other half the cue configurations remained as in the
first phase. In either case, the cue was no longer followed by the
shock in the second phase. At test, all participants were exposed

to the cue configuration trained in the first phase. A significant
increase in skin conductance was observed, but only in the group
that experienced configuration changes across the experiment,
suggesting that these participants expected the electric shock after
the cue.

In these studies, changes in cue configuration were made
by changing the orientation or position of the elements of the
cue, resulting in different types of triangles or squares. However,
other manipulations like adding, hiding, or changing elements
of the cue, have been used as well. For example, in a within-
subject design, Vervliet et al. (2007) paired two independent
cues with an outcome during the first phase and then, during
the second phase, they presented these two cues in compound
several times without the outcome. At test, the single cues were
presented again. The results show that the response acquired
during first phase was retrieved. A similar approach has been
used in studies that explore protection from extinction (e.g.,
Soltysik et al., 1983). In these studies the target cue is presented
during interference with an inhibitory (Baum and Jacobs, 1989),
an excitatory (Lovibond et al., 2000) or a neutral stimulus
(Kamin, 1968), which reduces the impact of the interference
phase at test, when the cue is presented again alone.

In all the previous examples, changes in cue configuration
produced a retrieval of first-learned information in a situation
akin to ABA renewal. That is, in all cases the configuration of the
cue was the same during the first phase and at test, but different
from the cue configuration presented during the second phase. If
changes in cue configuration have the same functional properties
as changes in the physical context, then it should be possible to
observe other types of renewal (e.g., AAB or ABC) by means of
changes in the configuration of the target cues. However, to the
best of our knowledge, these effects remain unexplored. Some
studies suggest that ABA renewal is stronger than ABC and
AAB renewal (e.g., Nakajima et al., 2000; Tamai and Nakajima,
2000; Thomas et al., 2003), which could explain why there are
no published data showing effects equivalent to ABC or AAB
renewal with cue-configuration manipulations.

The purpose of the present series of experiments is to explore
whether changes in cue configuration at test can produce the
renewal of first-learned information in a human predictive
learning task. In Experiments 1A–1C, the configuration of the
target cue was changed at test by presenting alone a cue that
had been trained in compound with another cue during both
training phases. This manipulation is akin to the AAB renewal
observed in experiments manipulating physical contexts (cf.,
Bouton and Ricker, 1994; Thomas et al., 2003; Rosas et al., 2006b).
As explained above, we decided to explore this kind of renewal
because other manipulations, such as ABA renewal, have already
been found in experiments manipulating cue configuration (e.g.,
Lovibond et al., 2000; Vervliet et al., 2004, 2005). Also, as
explained in the General Discussion, AAB renewal is more
interesting than ABA renewal from a theoretical point of view, as
it is more difficult to accommodate by traditional learningmodels
(e.g., Rescorla and Wagner, 1972). In Experiments 2A and 2B we
replicate the results of Experiments 1A and 1B and we test two
additional changes in cue configuration: Adding and replacing
elements from a compound cue.
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ETHICS STATEMENT

The computer program informed participants that their
participation was voluntary and anonymous. We did not ask
participants for any data that could compromise their privacy,
nor did we use cookies or software in order to obtain such
data. The stimuli and materials were harmless and emotionally
neutral, the goal of the study was transparent, and the task
involved no deception. According to the U.S. Department of
Health and Human Services (2009; Section 46.101b), as well as
the American Psychological Association (2002; Section 8.05), no
written informed consent is required under these circumstances.
Even so, and in order to make sure that participants consented
that the data they had generated during the experiment were
used for research purposes, immediately after the study finished
a screen asked them for permission to send us the data. Only the
responses from those participants who clicked the button labeled
“Send data” were submitted, stored, and used. Those participants
not willing to submit their responses had the option of clicking a
button labeled “Cancel,” which immediately deleted the data, so
we did not receive it. The ethical review board of the University
of Deusto examined and approved the procedure used in these
experiments (Ref: ETK-44/12-13).

EXPERIMENT 1A

In this experiment we tested the influence of a change in the
configuration of the target cues on the expression of the first
information learned in an interference paradigm. During the
first stage, half of the participants were presented with repeated
pairings of a compound cue with an outcome (i.e., ax-o1). Then,
during the second stage, the same compound cue was followed
by a new outcome (i.e., ax-o2). Finally, at test, only one element
of the compound, x, was presented. Based on the theoretical
framework discussed in the Introduction, we expected that the
presentation at test of just one of the elements of the trained
compound would give rise to the recovery of responses consistent
with o1.

Method
Participants and Apparatus

One hundred and thirty three anonymous volunteers completed
the task over the Internet through our laboratory’s website
(http://www.labpsico.deusto.es). The random allocation of
participants to groups resulted in 70 participants in the
Compound group and 63 in the Elemental group. The
experimental task was embedded in a HTML website with
JavaScript functions to control the presentation and timing of
stimuli and the collection of data.

Procedure and Design

The procedure was based on the Spy-Radio task (Pineño et al.,
2000; Matute et al., 2007). In this task, participants are asked to
imagine that they are soldiers that have to rescue war refugees.
To save these refugees, participants are instructed to transport
them to a safety zone using a truck. In some trials, the road can
be mined. If the truck passes over a mine, all the refugees that

were placed into the truck die. However, the truck is equipped
with a Spy-Radio that can detect whether the road is mined or
not. Different colors in the Spy Radio indicate the presence or
absence of mines in the road. Participants are instructed to learn
which colors predict that the road is free of mines and which
colors predict that the road is mined.

At the beginning of each trial, the color cues are presented
randomly in one (or two, in the case of compound cues) of the six
panels of the Spy Radio and participants have to decide whether
to press the space-bar to put refugees into the truck while the
lights are on (see Figure 1). Each keystroke puts an additional
refugee into the truck. If participants hold the space-bar pressed,
the number of refugees in the truck increases much faster. After
2 s, the lights are turned off and participants are shown the
outcome of the trial, namely, whether the road was mined or not.
If the road was free of mines, the refugees placed into the truck in
that trial are saved and participants win as many points as saved
refugees. If the road was mined, all the refugees placed into the
truck die and participants loose one point per refugee (for more
information about the experimental task, including instructions,
see Pineño et al., 2000).

The design of Experiment 1A is summarized in Table 1. In the
Elemental group cue x was trained on its own in an interference
paradigm [Elemental Interference (EI) condition]. Additionally,
cue y was trained only in the first phase [Elemental Control (EC)
condition]. Any difference in responding to x and y at test in this
group can be used as ameasure of interference. In the Compound
group, cues x and y were always presented in compound with
cues a and b, respectively. However, cue x was trained in an
interference paradigm [Compound Interference [CI] condition],
while cue y was presented only in the first phase [Compound
Control [CC] condition)] At the end of the experiment, both
x and y were tested on their own. The test consisted of a
single presentation of cue x and a single presentation of cue
y, counterbalancing the order across participants. Any evidence
of reduced interference to x, in comparison with the elemental
group, would suggest that the change in the configuration of
the target cue, from ax to x, enhanced the retrievability of the
associations trained in the first learning phase. As shown in
Table 1, participants were also exposed to filler trials with other
cues. These were included in the experiment to ensure that
both groups were familiar with elemental and compound cues
and to ensure that all the stages of the experiment included
presentations of both o1 and o2.

Different colors of the Spy-Radio were used as cues. Blue,
green, red and yellow were used as cues x, y, a, and b,
counterbalanced across participants. For all participants, cues
c, d, and e were brown, purple and black, respectively. In this
and subsequent experiments, the absence of mines in the road
(suggesting that it was safe to place refugees in the truck) always
played the role of o1, and the presence of mines (suggesting that
it was unsafe to place refugees in the truck) played the role of
o2. Therefore, the number of refugees placed on the truck on
any given trial can be used as a measure of the extent to which
participants expected o1. During test trials, the cue was followed
by a neutral outcome that did not allow participants to win
or lose any points. The number of responses that participants
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FIGURE 1 | Screenshot of a training trial in the Spy-Radio Task. (A)

Presentation of cues. The cues were presented in randomly chosen rectangles

at the top of the screen. At the bottom of the screen participants could see the

number of people they had placed into the truck. Participants could respond

only during the 2 s, the interval in which the cues were present. After this

period of time, the cues disappeared and the outcome screen was

automatically presented. (B) Presentation of outcomes. Participants could see

if the number of refugees they had placed into the truck survived (as in the

example) or died.

gave in each trial was used as the dependent variable of the
experiment.

Results and Discussion

Following our usual data selection criterion with this task (e.g.,
Vadillo et al., 2006), we removed from the analyses data from 14
participants (7 from each group) who by the end of each training
phase respondedmore to a cue paired with o2 than to a cue paired
with o1. Greenhouse-Geisser corrections were applied whenever
Maunchy’s test revealed a violation of the sphericity assumption.

Figure 2A shows mean responses to cues x and y during
Phases 1 and 2. A 2 (group: Compound vs. Elemental) × 2
(cue: x vs. y) × 16 (trial) mixed analysis of variance (ANOVA)
on responses during Phase 1 yielded a significant effect of trial,

TABLE 1 | Design summary of Experiment 1A.

Training

Group Condition Phase 1 Phase 2 Test

Compound CI ax-o1 (16) ax-o2 (16) x?

CC by-o1 (16) – y?

Fillers c-o2 (8) c-o1 (16) –

de-o2 (8) de-o2 (16)

Elemental EI x-o1 (16) x-o2 (16) x?

EC y-o1 (16) – y?

Fillers c-o2 (8)

de-o2 (8)

c-o1 (16)

de-o2 (16)

-

Conditions CI, EI, CC, and EC refer to Compound Interference, the Elemental Interference,

the Compound Control, and the Elemental Control. Cues a-e and x-y denote different

colors in the Spy-Radio, counterbalanced across participants. Outcomes o1 and o2

denote the absence or presence of mines in the road, respectively. The numbers in

parentheses denote the number of times each type of trial was presented within a specific

phase. Bold characters denote trials involving the target cues.

F(5.42, 634.66) = 105.18, p< 0.001, ηp
2
= 0.473, and an unexpected

effect of group, F(1, 117) = 8.23, p = 0.005, ηp
2
= 0.066. The rest

of effects and interactions were non-significant, largest F(15, 1755)
= 1.52, ps > 0.088. These results confirm that, as expected, the
number of responses to cues x and y increased progressively
during Phase 1. For unknown reasons, participants in the
Compound group showed a slightly lower level of performance.
A 2 (group: Compound vs. Elemental) × 16 (trial) ANOVA on
responses during Phase 2 yielded only a main effect of trial,
F(3.99, 467.06) = 162.00, p < 0.001, ηp

2
= 0.581. The main effect

of group, F(1, 117) = 0.019, p= 0.891, ηp
2
< 0.001, and the trial×

group interaction, F(15, 1755) = 1.48, p= 0.105, ηp
2
= 0.012, were

non-significant.
Figure 3 depicts the mean number of responses to cues x and

y at test. As can be seen, participants in both groups responded
more to the control cue y than to cue x, suggesting some
degree of interference in both groups. However, the difference
in responding to x and y was larger in the elemental than in
the compound group; that is, interference was stronger in the
former than in the latter. Consistent with this, a 2 (type of
training: Compound vs. Elemental) × 2 (condition: Interference
vs. Control) ANOVA yielded a main effect of condition F(1, 117)
= 33.45, p < 0.001, ηp

2
= 0.222, and a significant interaction,

F(1, 117) = 11.11, p= 0.001, ηp
2
= 0.087. Themain effect of type of

training was far from statistical significance, F < 1. Overall, these
results are consistent with the hypothesis that the change in the
configuration of the target cues (from ax to x) at test facilitated
the expression of the information originally learned during Phase
1, reducing the amount of interference.

EXPERIMENT 1B

Experiment 1B was a conceptual replication of Experiment
1A. The only difference is that, unlike Experiment 1A,
both experimental manipulations (interference vs. control and
compound vs. elemental training) were conducted between
participants. We expected that this minor modification would
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FIGURE 2 | Mean number of responses to the target cues (ax/x/by/y) during training. Panels (A–C) refer to Experiments 1A, 1B, and 1C, respectively.

minimize the impact of carry-over effects among conditions,
particularly during the test stage (e.g., reduced responding to the
second test trial). Disentangling both manipulations also allowed
us to reduce the length of the experiment and, consequently, the
influence of fatigue or distractions on participants’ performance.

The design of Experiment 1B allowed us to ameliorate a potential
shortcoming of Experiment 1A. As can be seen in Table 1, in
the previous experiment filler cues were more likely to be paired
with o2 than with o1. This asymmetry might have encouraged
participants to expect o2 more strongly than o1, especially
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FIGURE 3 | Mean number of responses at test in Experiments 1A–1C. Error bars denote standard errors of the mean.

when faced with an unfamiliar configuration of cues, thereby
hindering recovery of responding to the target cues. This feature
of Experiment 1A works against the results we observed, which,
if anything, makes them even more noteworthy. However, in
Experiment 1B we used an alternative design that removed the
influence of this potential confound.

Method
Participants and Apparatus

Sventy-nine psychology students from the University of Deusto
volunteered to take part in the experiment in exchange for course
credit. Random allocation of participants to each group resulted
in 19 participants in group CI, 20 in group EI, 19 in group CC
and 21 in group EC. Each participant completed the task in an
individual cubicle.

Design and Procedure

All details of the procedure where identical to Experiment 1A. As
shown inTable 2, the critical cue, x, received a different treatment
in each group. In groups CI and CC cue x was always trained
in compound with a, while in groups EI and EC it was always
trained on its own. Orthogonally, in two groups (CI and EI) cue
x was paired with o1 during Phase 1 and with o2 during Phase 2,
while in the other two groups (CC and EC) cue x was only paired
with o1 during Phase 1 and was not presented during Phase 2.
In addition to the critical trials involving cue x, participants were
also exposed to filler trials. At test, all groups were presented once
with cue x.

Results and Discussion
Following the same data selection criterion used in Experiment
1A, the data from 12 participants (2, 6, 2, and 2 from groups
CI, EI, CC, and EC, respectively) were removed from subsequent
analyses. Figure 2B depicts mean responding to cue x during
Phases 1 and 2. A 2 (type of training: Compound vs. Elemental)×
2 (condition: Interference vs. Control)× 8 (trials)mixedANOVA
on responses during Phase 1, revealed only a significant main
effect of trial, F(1.18, 74.36) = 8.50, p = 0.003, ηp

2
= 0.119. The

rest of effects and interactions were non-significant, although

TABLE 2 | Design summary of Experiment 1B.

Training

Group Phase 1 Phase 2 Test

CI ax-o1 (8) ax-o2 (8) x?

b-o2 (8) d-o1 (8)

EI x-o1 (8) x-o2 (8) x?

bc-o2 (8) de-o1 (8)

CC ax-o1 (8) f-o2 (8) x?

b-o2 (8) d-o1 (8)

EC x-o1 (8) f-o2 (8) x?

bc-o2 (8) de-o1 (8)

Groups CI, EI, CC, and EC refer to the Compound Interference group, the Elemental

Interference group, the Compound Control group, and the Elemental Control group. Cues

a-f and x denote different colors in the Spy-Radio, counterbalanced across participants.

Outcomes o1 and o2 denote the absence or presence of mines in the road, respectively.

The numbers in parentheses denote the number of times each type of trial was presented

within a specific phase. Bold characters denote trials involving the target cues.

the main effect of condition approached marginal significance,
F(1, 63) = 2.51, p = 0.118, ηp

2
= 0.038, all other Fs < 1.30.

A 2 (type of training: Compound vs. Elemental) × 8 (trial)
ANOVA on responses during Phase 2 (only in groups CI and
EI) yielded a significant main effect of trial, F(3.73, 108.08) = 30.89,
p < 0.001, ηp

2
= 0.516, a significant main effect of type of

training, F(1, 29) = 18.84, p< 0. 001, ηp
2
= 0.394, and a significant

interaction between both factors, F(7, 203) = 3.76, p = 0.001,
ηp

2
= 0.115.
Figure 3 shows the mean number of responses at test in each

group. As in Experiment 1A, the difference between groups EI
and EC reveals a strong interference. However, this difference is
completely absent in groups CI and CC. These impressions were
confirmed by a 2 (type of training: Compound vs. Elemental)× 2
(condition: Interference vs. Control) ANOVA on the number of
responses at test, which yielded a main effect of condition, F(1, 63)
= 13.83, p < 0.001, ηp

2
= 0.180, and a significant condition

× type of training interaction, F(1, 63) = 11.89, p = 0.001,
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ηp
2
= 0.159. The main effect of type of training did not reach

statistical significance, F(1, 63) = 1.081, p = 0.303, ηp
2
= 0.017.

These analyses show that the main results of Experiment 1A
were replicated using a between-subjects design: A change in
the configuration of the target cue between training and test
completely abolished the interference that was observed in an
otherwise similar condition.

EXPERIMENT 1C

A potential shortcoming of Experiments 1A and 1B is that,
in both cases, participants in the Elemental conditions could
interpret the testing trial as just another trial of the training phase.
However, for participants in the Compound conditions there was
a clear break between the last training phase and test, because
the cue presented at test (x or y, on their own) had never been
presented during training. To avoid this potential confound, in
Experiment 1C we inserted an additional training phase between
Phase 2 and test. The target cue was never presented during Phase
3. We expected that this would equate all conditions (Compound
and Elemental) in terms of perceiving a discontinuity between the
test trial and the immediately preceding trials.

Method
Participants and Apparatus

Sixty psychology students from the University of Deusto
volunteered to take part in the experiment in exchange for course
credit. Random allocation of participants to each group resulted
in 22 participants in group CI, 13 in group EI, 10 in group CC
and 15 in group EC. The task was conducted in the same setting
as Experiment 1B.

Design and Procedure

Except for the inclusion of two additional colors (pink and
orange) within the set of cues, the procedure was identical
to Experiment 1B. As can be seen in Table 3, the design of
the experiment was identical to Experiment 1B, except that all
participants were exposed to 8 g-o1 and 8 h-o2 trials between
Phase 2 and test.

Results and Discussion
Following the same data selection criteria used in the previous
experiments, data from three participants (one participant in
each group except CC) were removed from subsequent analyses.
Figure 2C shows participants’ mean responses to cue x during
Phases 1 and 2. A 2 (type of training: Compound vs. Elemental)
× 2 (condition: Interference vs. Control) × 8 (trials) mixed
ANOVA on responses to cue x during Phase 1 yielded only a
main effect of trial, F(4.74, 251.30) = 33.52, p < 0.001, ηp

2
= 0.387.

The rest of effects and interactions were non-significant, largest
F(1, 53) = 2.22, ps > 0.142, ηp

2s > 0.040. Similarly, A 2 (type of
training: Compound vs. Elemental) × 8 (trials) mixed ANOVA
on responses to cue x during Phase 2 (only in the Interference
condition), revealed only a main effect of trials, F(2.96, 91.85) =
44.25, p < 0.001, ηp

2
= 0.588; all other Fs < 1.

Mean responses to cue x in the test trial are shown in Figure 3.
A 2 (type of training: Compound vs. Elemental) × 2 (condition:

TABLE 3 | Design summary of Experiment 1C.

Training

Group Phase 1 Phase 2 Phase 3 Test

CI ax-o1 (8) ax-o2 (8) g-o1 (8) x?

b-o2 (8) d-o1 (8) h-o2 (8)

EI x-o1 (8) x-o2 (8) g-o1 (8) x?

bc-o2 (8) de-o1 (8) h-o2 (8)

CC ax-o1 (8) f-o2 (8) g-o1 (8) x?

b-o2 (8) de-o1 (8) h-o2 (8)

EC x-o1 (8) f-o2 (8) g-o1 (8) x?

bc-o2 (8) de-o1 (8) h-o2 (8)

Groups CI, EI, CC, and EC refer to the Compound Interference group, the Elemental

Interference group, the Compound Control group, and the Elemental Control group. Cues

a-h and x denote different colors in the Spy-Radio, counterbalanced across participants.

Outcomes o1 and o2 denote the absence or presence of mines in the road, respectively.

The numbers in parentheses denote the number of times each type of trial was presented

within a specific phase. Bold characters denote trials involving the target cues.

Interference vs. Control) between-subjects ANOVA yielded a
main effect of condition, F(1, 53) = 5.09, p = 0.028, ηp

2
=

0.088, but no main effect of type of training, F < 1. The crucial
interaction approached statistical significance, F(1, 53) = 3.20, p
= 0.078, ηp

2
= 0.057. Although only marginally significant, this

interaction is consistent with the results of Experiments 1A and
1B showing that retroactive interference is reduced when the
configuration of the target cue changes between training at test.

Visual inspection of Figure 3 suggest that, despite the
similarities in the designs of Experiments 1B and 1C, responding
at test was noticeably lower in the latter. This is possibly due to
the fact that the filler cues presented during Phase 3 are paired
with the same outcomes used for the target cue x. It is well known
that training a novel cue-outcome association hinders responding
to other cues that have been paired with the same outcome in
the past (i.e., interference between cues; see Escobar et al., 2002;
Vadillo et al., 2008; Luque et al., 2009, 2011). This interference
effect might have limited overall responding to x at test, which
would explain why some of the key statistical contrasts failed to
reach conventional levels of significance.

EXPERIMENT 2A

The results of Experiments 1A–1C consistently supported the
hypothesis that a change in the configuration of a cue (in this
case, removing an element from a compound) can have the
functional properties of a context change. After an interference
treatment, changing the configuration of the cue increased
responding consistent with the first information learned. In
these three experiments, we manipulated the configuration of the
target cue by presenting a compound cue during training and
removing one of its elements at test. In the present experiment we
tested whether a similar recovery of responding can be observed
with alternative manipulations. Specifically, we assessed whether
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adding or replacing elements from the original cue configuration
gives rise to the same pattern of results.

Method
Participants and Apparatus

One hundred and one psychology students from the University
of Deusto volunteered to take part in the experiment. All
participants completed the experimental task simultaneously in
a large computer room. Random allocation of participants to the
experimental conditions resulted in 26 participants in group x/ax,
24 in group ax/x, 24 in group ax/abx, and 27 in group ax/bx.

Procedure and Design

The procedure was identical to Experiments 1A–1C. The design
of the experiment is summarized in Table 4. As can be seen, three
groups of participants were trained with the compound cue ax in
Phases 1 and 2. These participants were then tested either on x
alone, on a new compound with three cues, abx, or on a two-
cue compound with x and a new cue, bx. Additionally, another
group of participants was trained with cue x presented alone in
every trial, and then tested with the compound ax. Unlike in
Experiments1A–1C, in this and the following experiment we did
not use a control group to assess the amount of interference.
Instead we relied on a comparison between responses to cue x in
the last training trial of Phase 2 and responses to cue x at test. An
increase in responding with respect to the last trial of Phase 2 was
interpreted as a retrieval of the information learned in Phase 1.

Results and Discussion
Nine participants (3, 3, 1, and 2 in groups x/ax, ax/x, ax/abx,
ax/bx, respectively) failed to meet our data selection criteria and

TABLE 4 | Design summary of Experiment 2A.

Training

Group Phase 1 Phase 2 Test

x/ax x-o1 (8) x-o2 (8) ax?

bc-o2 (8) de-o1 (8)

f-o1 (4) f-o1 (4)

ax/x ax-o1 (8) ax-o2 (8) x?

c-o2 (8) d-o1 (8)

fg-o1 (4) fg-o1 (4)

ax/abx ax-o1 (8) ax-o2 (8) abx?

c-o2 (8) d-o1 (8)

fg-o1 (4) fg-o1 (4)

ax/bx ax-o1 (8) ax-o2 (8) bx?

c-o2 (8) d-o1 (8)

fg-o1 (4) fg-o1 (4)

Cues a-g and x denote different colors in the Spy-Radio, counterbalanced across

participants. Outcomes o1 and o2 denote the absence or presence of mines in the road,

respectively. The numbers in parentheses denote the number of times each type of trial

was presented within a specific phase. Bold characters denote trials involving the target

cues.

were removed from subsequent analyses. Mean responses to cue
x during training are shown in Figure 4. A 4 (group: x/ax, ax/x,
ax/abx, ax/bx) × 8 (trials) mixed ANOVA on responses to x
during Phase 1 yielded a significant effect of trial, F(4.62, 406.79) =
62.17, p < 0.001, ηp

2
= 0.414, but no significant effect of group,

F < 1, or group × trial interaction, F(21, 616) = 1.240, p = 0.211,
ηp

2
= 0.041. Similarly, a 4 (group: x/ax, ax/x, ax/abx, ax/bx) × 8

(trials) mixed ANOVA on responses to x during Phase 2 yielded a
significant effect of trial, F(3.70, 325.29) = 145.443, p< 0.001, ηp

2
=

0.623, but no effect of group, F < 1. The group× trial interaction
approached statistical significance, F(21, 616) = 1.442, p = 0.092,
ηp

2
= 0.047.
As explained above, in the present experiment we did not use a

control group to assess the recovery of information from Phase 1.
Instead, we measured response recovery within-participants by
comparing responses to x during the last trial of Phase 2 and
at test. The mean number of responses during the last Phase 2
trial and at test is depicted in Figure 5. Although, the pattern of
results suggests that the recovery of first-learned information was
stronger in group ax/bx, a 2 (stage: Phase 2 vs. Test) × 4 (group:
x/ax, ax/x, ax/abx, ax/bx) ANOVA failed to detect a significant
stage× group interaction, F(3, 88) = 1.49, p= 0.233, ηp

2
= 0.047.

Only the main effect of stage reached statistical significance,
F(1, 88) = 34.44, p < 0.001, ηp

2
= 0.281. Paired sample t-tests

showed that the mean number of responses at tests was larger
than the mean number of responses at the end of Phase 2 in all
groups, smallest t(22) = 2.15, p= 0.043, dz = 0.45.

EXPERIMENT 2B

In all the previous experiments, the retrieval of the information
learned in the first stage was assessed by measuring whether
participants responded to the target cue in a manner consistent
with the x-o1 association trained in that phase. In Experiment
2B the target cue was paired with o2 during Phase 1 and with
o1 during Phase 2. In this case, we expected that the recovery
of the information learned in the first stage would give rise
to a decrease in the expectancy of o1 and, consequently, to a
decrease in responding to cue x. This modification allowed us
to check that the results observed in the previous experiments
cannot be attributed to the specific outcomes used in Phases 1
and 2.

Additionally, in Experiment 2Bwe explored whether changing
the configuration of the target cue at test also induced a recovery
in responding to another cue, y, which had also been paired
with a different outcome in each phase. If the change in the
configuration of x creates something analogous to a context
change, then onemight expect this manipulation to have an effect
on responding to any other cue presented in the new context.
Alternatively, the effects of the manipulation might be restricted
to the cue that experienced the configuration change, having not
impact whatsoever on other cues.

Method
Participants and Apparatus

One hundred and forty five psychology students from the
University of Deusto participated in exchange for course credit.
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FIGURE 4 | Mean number of responses to the target cue (x) during training in Experiment 2A.

FIGURE 5 | Mean number of responses at test in Experiments 2A–2B. Error bars denote standard errors of the mean.

All of them were tested in the same cubicles used in Experiments
1B and 1C. Random allocation of participants to experimental
conditions resulted in 34 participants in group x/ax, 24 in group
ax/x, 29 in group ax/bx, 26 in group ax/abx, and 32 in group
ax/f.

Procedure and Design

The procedure was identical to previous experiments. The design
of the experiment, shown in Table 5, was largely inspired in the
design of Experiment 2A. The main difference is that cue (a)x
was paired with outcome o2 in Phase 1 and with outcome o1
in Phase 2. Therefore, in this experiment, participants’ responses
reflect an expectation of the outcome trained in Phase 2. Another
crucial difference between both experiments is that in addition
to x, participants were also trained in another cue, y, which was
also paired with a different outcome in each phase. This allowed
us to test whether changing the configuration of cue x at test not
only affected responding to x itself but also to other cues that had
been used in an interference treatment. Finally, to measure the
baseline level of responding to y at test, we included a fifth group,
ax/f, that was not tested with x.

Results and Discussion
Data from 38 participants (10, 5, 5, 11, and 7, from groups
x/ax, ax/x, ax/bx, ax/abx, and ax/f, respectively) were removed
from the analyses following the same selection criteria used in
the previous experiments. Figure 6 depicts mean responses for
the two target cues, x and y, during both training phases. As in
previous experiments, we explored these responses by means of
separate group × trial ANOVAs for each Phase and cue. Only
the main effect of trials reached statistical significance in these
ANOVAs, smallest F(2.70, 275.60) = 13.37, p < 0.001, ηp

2
= 0.116.

The other main effects and interactions were non-significant in
all the ANOVAs, largest F(28, 714) = 1.25, p= 0.173, ηp

2
= 0.047.

As in Experiment 2A, the analysis of responses to cues x and y
at test focused on the difference between the number of responses
to the target cues in the last Phase 2 trial and the number of
responses in the test trial. The mean number of responses in the
last trial of Phase 2 and at test are depicted in Figure 5. A 2 (stage:
Phase 2 vs. Test) × 4 (group: x/ax, ax/x, ax/abx, ax/bx) ANOVA
on the number of responses to x failed to detect a significant
stage × group interaction, F < 1. Only the main effect of stage
was statistically significant, F(1, 78) = 206.3, p < 0.001, ηp

2
=
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TABLE 5 | Design summary of Experiment 2B.

Training

Group Phase 1 Phase 2 Test 1 Test 2

x/ax x-o2 (8) x-o1 (8) ax? y?

y-o1 (8) y-o2 (8)

c-o1 (4) c-o1 (4)

de-o2 (4) de-o2 (4)

ax/x ax-o2 (8) ax-o1 (8) x? y?

y-o1 (8) y-o2 (8)

c-o1 (4) c-o1 (4)

de-o2 (4) de-o2 (4)

ax/bx ax-o2 (8) ax-o1 (8) bx? y?

y-o1 (8) y-o2 (8)

c-o1 (4) c-o1 (4)

de-o2 (4) de-o2 (4)

ax/abx ax-o2 (8) ax-o1 (8) abx? y?

y-o1 (8) y-o2 (8)

c-o1 (4) c-o1 (4)

de-o2 (4) de-o2 (4)

ax/f ax-o2 (8) ax-o1 (8) f? y?

y-o1 (8) y-o2 (8)

c-o1 (4) c-o1 (4)

de-o2 (4) de-o2 (4)

Cues a-f and x denote different colors in the Spy-Radio, counterbalanced across

participants. Outcomes o1 and o2 denote the absence or presence of mines in the road,

respectively. The numbers in parentheses denote the number of times each type of trial

was presented within a specific phase. Bold characters denote trials involving the target

cues.

0.726. A series of paired-samples t-tests confirmed that the mean
number of responses at test was significantly different from the
mean number of responses in the last Phase 2 trial in all groups,
smallest t(18) = 5.92, p < 0.001, dz = 1.36.

A similar 2 (stage: Phase 2 vs. Test) × 5 (group: x/ax, ax/x,
ax/abx, ax/bx, ax/f ) ANOVA on responses to y also failed to find
a significant stage × group interaction, F(4, 102) < 1, although
it did detect a main effect of stage, F(1, 102) = 4.42, p = 0.038,
ηp

2
= 0.042. A series of paired-samples t-tests revealed that

the number of responses at the end of Phase 2 and Test were
significantly different only in group x/ax, t(23) = 2.77, p = 0.011,
dz = 0.64, and marginally significant in group ax/f, t(24) = 2.00,
p = 0.057, dz = 0.41. Given that the ANOVA failed to find any
significant stage × group interaction, the fact that individual t-
tests yielded significant results in some cases but not in other
must be attributed to random variance. Furthermore, the largest
effect sizes among responses to cue y (dz = 0.64) are noticeably
smaller than the smallest effect sizes among responses to cue x (dz
= 1.36).

These results show that, as in previous experiments, a change
in the configuration of the trained cue(s) at test produced a
decrease in responding consistent with the information learned
in the second stage of an interference treatment. However,

this change in responding affected mainly the cue whose
configuration had change (i.e., x) and it did not transfer so
reliably to a second cue that had also undergone an interference
treatment (i.e., y).

GENERAL DISCUSSION

In Experiments 1A–1C participants were trained in an
interference paradigm and some of them were tested with
only one half of the compound cue that had been presented
during training. The results of the three experiments confirmed
that this change in the cue configuration reduced the amount of
interference relative to a control condition in which participants
were trained and tested with the same cue configuration.
Experiments 2A and 2B demonstrated that a similar attenuation
of retroactive interference is observed with different types
of configural manipulations: The same effects were observed
either removing, adding, or replacing elements from the cue
configuration. Together with previous experiments (Vervliet
et al., 2004, 2005), these results support the idea that the response
recovery effects typically induced by contextual manipulations
can also be observed in response to changes in the configuration
of the target cues.

An important difference between the present series of
experiments and the set of experiments conducted by Vervliet
et al. (2004, 2005) is that the manipulation conducted in the
present study was analogous to an AAB renewal design, while the
design used by Vervliet et al. was analogous to ABA renewal. That
is, in our experiments the configuration of the cue was the same
in both training phases, but different at test. In contrast, in the
experiments conducted by Vervliet et al. the configuration of the
cue was the same during Phase 1 and at test, but different during
Phase 2. This difference is not trivial, because AAB renewal is
weaker than AAB (Nakajima et al., 2000; Tamai and Nakajima,
2000; Thomas et al., 2003) and also more difficult to explain
within the most traditional associative framework.

The most popular associative models (e.g., Rescorla and
Wagner, 1972) assume that learning new contingencies involves
the unlearning of previous associations. For instance, in an
interference design, participants would need to erase the x-o1
association to learn the x-o2 association. In general, information
retrieval effects like renewal are highly problematic for these
models, as they show that the original x-o1 association remains
functional and can be expressed in the appropriate conditions.
However, ABA renewal, in particular, does not pose a daunting
challenge for these models. As the context, or the configuration
of the cue, is different in Phase 1 and Phase 2, it can always be
assumed that the new features of the context or the cue (B) in
Phase 2 take up any change in associative strength, leaving the
original memory trace (A) intact. AAB renewal, in contrast, poses
a fundamental problem for traditional models of learning.

By far, the most successful and popular explanation for
renewal and other response-recovery effects is the model
proposed by Bouton (1993, 1994). According to this model, the
cue-outcome association learned during the first stage of an
interference experiment (i.e., x-o1 in our experiments) is always
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FIGURE 6 | Mean number of responses to the target cues (x/y) during training in Experiment 2B. Panels (A,B) refer to cue x and y, respectively.

context-independent. When participants are later faced with
contradictory information during the second stage (i.e., x-o2) an
inhibitory association between the cue and the older outcome
(o1) must be learned to overcome the influence of previous
learning. In Bouton’s model, this new inhibitory association is
assumed to be context-dependent, which means that it is only
functional if the cue is presented under the same circumstances
that took place originally while the conflicting information was
being learned. Therefore, if anything changes between the stage
in which the conflicting information was learned (i.e., Phase 2 in
our experiments) and test, then the responses appropriate with
the original learning (i.e., Phase 1) will reappear. This assumption
allows Bouton’s model to explain successfully all types of renewal
(ABA, AAB, and ABC).

Although, Bouton’s model is focused on the role of contexts in
the retrieval of conflicting information, it has long been known
that changes in physical context are not the only factors that
facilitate the retrieval of first-learned information. For instance,
classical conditioning studies show that the mere passage of time
can induce the recovery of a previously extinguished conditioned
response (Pavlov, 1927; Rosas et al., 2001). Similarly, the mere
presentation of the unconditioned stimulus immediately after
extinction is known to reinstate conditioned responses (Rescorla
and Heth, 1975; Vila and Rosas, 2001). Bouton’s model can

accommodate these findings by assuming that they do also
involve a change in the (subjective) context. More recently,
human contingency learning experiments have shown that
procedural details like the instructions provided to participants,
the frequency and type of responses requested, and the presence
of filler trials can also modulate the retrieval of first- or second-
learned information in interference paradigms (Matute et al.,
2002, 2011; Vadillo et al., 2004; Rosas et al., 2006a). The results
of our experiments and those conducted by Vervliet et al. (2004,
2005) suggests that the configuration of the target cues might
also have the functional properties of a context change (see
also, Bouton and Swartzentruber, 1991; Rowe and Craske, 1998;
Lovibond et al., 2000).

Our results also pose interesting problems for configural
learning theories (Pearce, 1987, 1994). These models describe
how learning about one cue generalizes to similar configurations
of cues. The configural model developed by Pearce (1994) is not
well suited to explain interference phenomena, because it shares
with traditional models (e.g., Rescorla and Wagner, 1972) the
assumption that adaptation to new contingencies is achieved by
means of catastrophic forgetting or “unlearning” of the old ones.
In principle, the earlier version of this model proposed by Pearce
(1987) is better equipped to deal with the present data, because it
allows for the independent storage of excitatory and inhibitory
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links. In other words, conflicting associations, like the ones
learned in Phases 1 and 2 of the present studies, can coexist in
the cognitive system. However, to provide a complete explanation
of our results, it would also be necessary to implement the
assumption that first-learned associations (ax-o1 in Experiments
1A–1C) generalize more efficiently to similar configurations than
second-learned associations (ax-o2 in Experiments 1A–1C; see
Nelson, 2002).

From a different theoretical perspective, an interesting feature
of our Experiments 1A–1C is that they involve the counteraction
of two effects that, when presented alone, are known to
reduce responding, namely, extinction and overshadowing. That
is to say, participants responded more to a cue that was
both overshadowed and extinguished than to a cue that was
either overshadowed or extinguished. Although counterintuitive,
similar counteractive effects have been reported between, for
example, overshadowing and latent inhibition, overshadowing
and degraded contingency, or cue-interference and degraded
contingency (Blaisdell et al., 1998; Urcelay and Miller, 2006;
Wheeler and Miller, 2007). These effects pose insurmountable
problems for the vast majority of learning models. However,
they are successfully accounted for by the extended comparator
hypothesis (Miller and Matzel, 1988; Denniston et al., 2001;
Stout and Miller, 2007). Without entering into the details of
the model, the theory assumes that a treatment (e.g., latent
inhibition) that reduces responding to a cue also reduces the
potential of that cue to interfere with responding to a second
cue. In the case of our experiments, extinguishing cue a not
only reduces responding to cue a itself, but also reduces cue
a’s ability to overshadow x. Therefore, paradoxically, responses
to cue x might reappear because it is both overshadowed
and extinguished. Although intriguing, this model is unable
to account for the results of Experiments 2A and 2B, where
our manipulation of cue configuration is less amenable to
an interpretation in terms of cue competition effects, like
overshadowing.

In a recent series of studies we have found that unexpected
changes in cue-outcome contingency can induce a change in
the amount of attention allocated to cues and contexts. For
instance, participants tested by Vadillo et al. (2016) paid more
attention to the experimental context after a sudden reversal of
cue-outcome contingencies. According to Luque et al. (2016),
these shifts in attention result from a rapid exploratory process
directed at processing any feature of the experimental situation
that might disambiguate the meaning of cues and thus avoid
future prediction errors (see also Kruschke, 2001; Rosas et al.,
2006a). Based on those studies, we can further speculate that a
similar shift in attention may have taken place in the present
experiments. If participants’ attention shifts more often from
one cue to another after experiencing a prediction error (i.e., at
the beginning of Phase 2 in the present studies), the additional
exploration of both cues could result in a qualitatively different
representation of the compound. Perhaps, one in which the cues
would be better integrated in a distinct configural representation.
If this were the case, this would make responding more
susceptible to be disrupted by changes in the configuration of the
cues.

An important shortcoming of the present series of
experiments is that the intermediate level of responding at
test cannot be unambiguously attributed to the recovery of
the first-learned association. As can be seen in Figures 2, 4, 5,
participants also showed some moderate level of responding in
the first trials of Phase 1, that is, before they could possibly know
which outcome follows each cue. This suggests that a moderate
number of responses could be due either to some reactivation
of the associations learned during Phase 1 or, alternatively, to
simple uncertainty about the outcome that will follow a cue.
It is important to note that this shortcoming does not affect
just the present study, but is a general limitation of many
experiments that have explored information retrieval in human
predictive learning tasks (e.g., Pineño and Miller, 2004; Rosas
and Callejas-Aguilera, 2006) and also in animal experiments
(e.g., Thomas et al., 2003). In any case, we think that there are
objective reasons to believe that our results involve, at least in
part the recovery of responding consistent with Phase 1 learning.
If participants’ responses at test were only driven by uncertainty,
we would expect a similar level of responding regardless of the
specific order in which x-o1 and x-o2 associations were trained.
However, the results of Experiments 2A and 2B suggest that this
is not the case. Figure 5 shows that responding to x was higher
in Experiments 2A, than in Experiment 2B. A post-hoc t-test
(corrected for unequal variances) comparing responding to x in
these two experiments yielded a marginally significant difference,
t(177.69) = 1.811, p = 0.072, ds = 0.25, 95% CI [−0.02, 0.52].
Although this evidence is admittedly weak and inconclusive, it
does suggest that a genuine primacy effect might be present in
our data.

Most associative models of learning consider that punctuate
cues differ from physical contexts in several ways. For
example, within the Rescorla-Wagner model, the context can
be represented as a set of constant and low-salience stimuli
that are weakly associated with the outcome. In contrast, cues
are highly salient and have the potential to develop strong
links with the outcome (see also Mackintosh, 1975; Archer and
Sjödén, 1979). Other models differentiate between cues and
contexts attending to their associative status: cues are directly
associated with the outcome, while contexts modulate the cue-
outcome association (Bouton, 1994). A third class of models (e.g.,
Logan, 1988; Howard and Kahana, 2002) does not differentiate
between cues and contexts at all and assumes that all the stimuli
presented in the experimental situation are entangled in a single
representation. Setting aside the specific predictions of these
models, this general idea provides an interesting framework
to understand how changes in the experimental situation can
modulate responding, regardless of whether they refer to changes
in cues, contexts or other factors. Additional support for this
latest proposal has been provided by Matute et al. (2011) using
an experimental paradigm similar to the one used herein.

Beyond their theoretical interpretation, it seems clear that
the results of the present series of experiments suggest that
changing the cue configuration can attenuate the effects of
interference. In this way, they provide further support to the idea
that interference does not result in the unlearning of previous
knowledge and that interfered information can still influence
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behavior under appropriate conditions. Our results also extend
the conclusions of earlier studies by showing that a change in
the configuration of the cue (e.g., removing, adding or replacing
elements from a compound cue) is one of the manipulations that
can give rise to the expression of interfered information.
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