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Abstract The Attentional Theory of Context Processing
(ATCP) states that extinction will arouse attention to contexts
resulting in learning becoming contextually controlled. Partic-
ipants learned to suppress responding to colored sensors in a
video-game task where contexts were provided by different
gameplay backgrounds. Four experiments assessed the con-
textual control of simple excitatory learning acquired to a test
stimulus (T) after (Exp. 1) or during (Exp. 2–4) extinction of
another stimulus (X). Experiment 1 produced no evidence of
contextual control of T, though renewal to X was present both
at the time T was trained and tested. In Experiment 2 no con-
textual control of Twas evident when X underwent extensive
conditioning and extinction. In Experiment 3 no contextual
control of T was evident after extensive conditioning and ex-
tinction of X, and renewal to X was present. In Experiment 4
contextual control was evident to T, but it neither depended
upon nor was enhanced by extinction of X. The results pre-
sented here appear to limit the generality of ATCP.
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Research investigating predictions of the Attentional Theory
of Context Processing (ATCP, Rosas and Callejas-Aguilera

2006; Rosas et al. 2006a, b) has routinely demonstrated that
extinction conducted with one stimulus can lead to contextual
control of learning about other stimuli. To illustrate, partici-
pants might initially learn that a food cue BX^ predicts that
fictitious patrons will get sick in the context of a certain res-
taurant. Then, they learn that X no longer produces illness;
patrons consume X without consequence. During this second
phase where extinction occurs, the participants also learn that
a new cue BT^ predicts illness. Here, we have two cues; one
cue X has been conditioned and extinguished, the other cue T
has simply been conditioned while the X was undergoing
extinction. Each cue is then tested in a different context to
where it was learned. The general result is Brenewal^ (e.g.,
Bouton and Bolles 1979; Nelson et al. 2011a) with X, and a
loss of response to T. Participants rate X as more likely to
predict illness in the new context than in the training context
where extinction took place, and rate T as less likely to pro-
duce the illness in the new context than in the training context.
The result with T is the one of particular interest. A control
condition that receives only conditioning of T, without extinc-
tion of X, shows no effect of a context change. Simple condi-
tioning of T is not much affected by a context change. Con-
textual control of what was being learned about both X and T
emerged during extinction of X.

The result is predicted by ATCP as the theory assumes that
contextual control will emerge whenever attention is directed
to contexts, and a major contribution of the theory is explicitly
specifying the conditions under which such attention will be
aroused. The condition of most relevance to the research pre-
sented here is the presence of Bambiguity.^ In this case the
theory borrows from Bouton (e.g., 1993, 1997) in assuming
that when a stimulus is paired with different outcomes, multi-
ple associations are formed (e.g., X➔ Illness, X➔No Illness)
leaving the stimulus as functionally ambiguous. Like Bouton
(1997), ATCP assumes that attention to the context is aroused
in the presence of ambiguity. The additional assumption made
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by ATCP is that it is this attention that results in contextual
control. Moreover, according to ATCP, attention to contexts
results in contextual control not only of the learning that pro-
duced the ambiguity, but any learning that occurs in that con-
text while attention is aroused. Thus, renewal occurs to X and
a loss of predictive ratings occur to T because the surprise and
ambiguity produced by the absence of illness in the second
phase aroused attention to the context, resulting in the contex-
tual control of both the new interfering X➔ No Illness learn-
ing and the simpler T➔ Illness learning. According to ATCP
it is not that contextual control necessarily favors second-
learning (Bouton 1993; Nelson 2002, 2009) or interfering in-
formation (Nelson and Callejas-Aguillera 2007), but it simply
favors any learning that occurs in a context that is receiving
attention.

Nelson et al. (2011b) reiterate the well appreciated fact that
the renewal effect and its explanatory constructs are of exten-
sive relevance to psychology as they concern any issue where
multiple things might be learned about a single event (see
Bouton 1993, 2004, for review). The effect and its underlying
constructs have application to diverse phenomena such as
emotional intelligence (Nelson and Bouton 2002), perceptual
learning (e.g., Nelson and Sanjuan 2008, 2009), and emotion-
al regulation (Nelson 2013). Thus the ATCP, which has been
successfully applied to issues in social psychology (e.g.,
Gawronski and Cesario 2013; Gawronski et al. 2010; Ye and
Gawronski 2014), is one of potentially great breadth.

With humans, the contextual control of simple condition-
ing that is learned in a context where extinction has taken
place has been replicated in different laboratories (e.g., Nelson
and Callejas-Aguillera 2007). These demonstrations have all
used predictive-learning scenarios that were based on, and
almost identical to, those of Rosas and Callejas-Aguilera
2006. With animals, the effect has been demonstrated in tasks
that have involved, in one form or another, the use of liquids as
conditioned stimuli (CSs) or reinforcers in thirsty rats (Bernal-
Gamboa et al. 2013, 2014; Rosas and Callejas-Aguilera
2007). However, using food reinforcers in hungry rats, Nelson
et al. (2011a) found no evidence of a loss in responding to a
simple excitatory CS with a context switch when that
responding was acquired while another CS was being
extinguished. Thus, the generality of the account offered by
ACTP with animals is somewhat tentative. To date, there has
been no demonstration of the effect with humans outside of
predictive-learning type tasks.

Given the potential scope of the theory, particularly with
respect to humans where the theory has been extended to
automatic evaluative processes in social learning (also using
procedures that largely mirror those found in predictive-
learning tasks; Gawronski et al. 2010), it is important to de-
termine whether the basic effect, contextual control generally
arising as a function of extinction, can be demonstrated in
other methods. For the present research we chose the

behavioral suppression task developed byNelson and Sanjuan
(2006). The task is a video game where participants learn to
suppress their baseline rate of mouse-clicking in preparation
for unavoidable attacks from an enemy spacecraft in the pres-
ences of sensors. The task has successfully demonstrated con-
textual control of extinction (i.e., renewal) in the absence of
evidence for direct context-outcome associations (Nelson
et al. 2011b) as well as context-specificity of both latent inhi-
bition (Nelson and Sanjuan 2006) and perceptual learning
(Nelson and Sanjuan 2008). Importantly, the task has been
used to provide evidence that attention to contexts is aroused
by extinction (Nelson et al. 2013).

A criticism of the work regarding ATCP first acknowl-
edged by Rosas and Callejas-Aguilera (2006) and raised again
by Nelson et al. (2013) is that there has been no independent
demonstration that extinction encourages attention to contexts
aside from the result for which aroused attention is invoked to
explain. To address that concern, Nelson et al. used the sup-
pression task used in the present experiments and gave partic-
ipants conditioning trials where a purple sensor predicted an
attack. Half of the participants then received extinction with
that sensor. Following that phase, both groups received a bi-
conditional discrimination in the form RG+/BG-/RY-/BY+.
For a third of each group, the contexts where the gameplay
was taking place were correlated with the trial sequences such
that participants might receive RG+/BG- in Context A and
RY-/BY+ in Context B. If the context commands attention
then participants only need to learn to respond to sensor R in
Context A and sensor B in Context B. Two other groups re-
ceived all trial types in each context, and the context was
irrelevant to the solution. The experiment was, thus, a factorial
where the presence or absence of prior extinction was com-
bined with whether or not the identities of two contexts were
correlated with the solution to a difficult problem. If extinction
arouses attention to the contexts then participants should bet-
ter notice the correlation of the context with the solution and
solve the discrimination more rapidly than participants that
did not receive extinction, or those for which the context
was irrelevant to the solution. The resulting data supported
the idea that attention had been aroused to the contexts. Ex-
tinction facilitated learning the bi-conditional discrimination
when the contexts were correlated with the solution. The
method produces renewal (e.g., Nelson et al. 2011a) and evi-
dence that extinction arouses attention to the contexts. The
method is ideal for determining whether or not contextual
control of simple conditioning will emerge when that condi-
tioning is conducted in the face of ambiguity produced by the
extinction of another CS with humans outside of the tasks
used thus far in the literature.

Our goal was not to refute ATCP, but to demonstrate its
predictions regarding contextual control of simple condition-
ing after extinction in a different method. We began with the
full expectation of observing the effect, and with the result in
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hand we could then explore the boundary conditions under
which it occurs to further elaborate the theory. Our initial work
failed to produce the effect, leading to subsequent attempts. In
those attempts we manipulated variables that should enhance
our chances of observing the effect yet each experiment failed
to do so.

Experiment 1

In the study by Nelson et al. (2013), evidence for attention
to the context was obtained after conditioning and extinction
of one sensor. The present experiment used the same param-
eters as were used in the first two attention-arousing phases
of that study. The design is shown in Table 1. Participants in
Groups With Extinction and No Extinction received condi-
tioning with X, followed by extinction of X in Group With
Extinction, or not in the case of Group No Extinction. Then,
each of those groups received conditioning with T and test-
ing in Context B, a different context from where training
took place. The prediction here is clear. Extinction with X
should arouse attention to the context such that conditioning
of T will be context specific, resulting in less suppression to
T in Group With Extinction than Group No Extinction in the
test context.

There is considerable evidence that context changes
with the method are easily discernible (Nelson and
Sanjuan 2006, 2008; Nelson et al. 2011b; Nelson et al.
2012, 2013), nevertheless we included four additional
groups to ensure that is the case with the present samples
and parameters. All four of these groups received condi-
tioning and extinction of X in the same way as did Group
With Extinction. Two of the four groups formed Group
Renewal Before and were tested with X in Context A
where it had just been extinguished or in Context B where
it had never before been presented. An BAAB^ renewal
effect was expected here, demonstrating that extinction
learning had come under the control of the context, and
that the context change was effective at the time partici-
pants in the Extinction/No Extinction Groups were

undergoing conditioning with T. The final two groups re-
ceived conditioning with T as did the Extinction/No Ex-
tinction Groups, but were tested with X in contexts A or
B. These groups should also show an AAB Renewal ef-
fect, confirming that the context change was effective at
the time that T was being tested in the Extinction/No
Extinction Groups.

Method

Subjects

Subjects were 144 students recruited from college campuses.
Conditions were randomly assigned to participants without
replacement until each condition had been assigned once to
place 24 participants in each condition. An assignment error
resulted in one participant intended for Group Renewal After
A (n = 23) being run with the Renewal After B (n = 25)
protocol.

Apparatus

The same apparatus as was used in Nelson and Sanjuan (2006,
2008, 2009; Nelson et al. 2011a; Nelson et al. 2012, 2013)
was used here. The apparatus has been thoroughly described
in Nelson and Sanjuan (2006) and the description here is
adapted from Nelson and Sanjuan (2008) with permission.
Participants received written instructions that they were
playing a game in which they were to earn points by shooting
torpedoes at an on-screen spaceship by clicking the mouse.
They were further instructed that sometimes they would be
attacked and that the attack would damage their spaceships
by draining their power, leaving the participants unable to
continue the game until power was recharged. They were
instructed that they could not avoid the attack, but that they
could prepare for it by conserving their power (suppressing
their own rate of torpedo firing) when they believed they were
about to be attacked. They were told that sensors would ap-
pear that might help them in the game, and they were not told
what the sensors would indicate. The instructions were the
same as those reported in detail in Nelson and Sanjuan (2006).

The video game was viewed on 35.56-cm (14-in) Dell
laptop computer monitors (30.5 cm × 19 cmW/H). The reso-
lution was set to 800 × 600 pixels and 24-bit color depth. On
the monitor, an image was presented so that it was as if the
participant was sitting inside of a spaceship looking out of a
viewscreen. The viewscreen was a rectangular window that
was 618 pixels wide and 368 pixels tall and was centered from
left to right, approximately 91 pixels below the top of the
screen on a gray metallic background. A box appeared ap-
proximately 34 pixels below the top of the screen in which
the word BPoints^ appeared in yellow. At the bottom of the
screen, five black ovals appeared that were each 84 pixels in

Table 1 Design of Experiment 1

Group
Context B 
(exposure)

Phase 1 Phase 2 Phase 3 Test

No Extinction

B: -- A: 8X+

A: -- A: 5T+ B: T
With Extinction

A: 8X−

A: 5T+ B: T
Renewal After-A A: 5T+ A: X
Renewal After-B A: 5T+ B: X
Renewal Before-A (direct to test) A: X
Renewal Before-B (direct to test) B: X
Note A: and B: are different galaxy contexts. X is a purple light, T is a
yellow light. + and − refer to the presence and absence of an attack by an
enemy spaceship, respectively. Numbers refer to the number of trials. –
indicates exposure to the context
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diameter. The third was centered from left to right and was
located approximately 21 pixels above the bottom of the
screen. The other four ovals were spaced at intervals of ap-
proximately 52 pixels to the left and right of the center oval.
One of two colored backgrounds (Hubble Space Telescope
photos of the Eagle 1 [Pillars of Creation area] or Crab Neb-
ulae) could be seen through the viewscreen on which a three-
dimensional representation of a spaceship was flying in a ran-
domly determined path. These colored backgrounds provided
contexts and were always counterbalanced. Sensor stimuli
were the illumination of the ovals. X was the 5-s illumination
of the second oval with the color purple (red, green, and blue
components as R = 255, G = 0, and B = 255, respectively) and
T was the illumination of the third oval with the color yellow
(R = 255, G = 255, B = 0). The hypothetical Bunconditioned
stimulus^ was presented in the form of an inescapable attack
from the enemy spacecraft. Immediately upon the offset of a
sensor stimulus, a round green torpedo emerged from the on-
screen spacecraft and exploded in the center of the
viewscreen. The message BPower at ___ percent. Controls
frozen for ____ seconds.^ appeared in the center of the
viewscreen and remained until BPower^ incremented to 100
and BControls frozen for____^ decremented to 0 (changes
occurring roughly every second). During this time, the com-
puter mouse was inoperable, and actions of the participant
were not reflected on the screen. The numbers in the blanks
were determined by a suppression ratio in which the number
of clicks during the 5 s prior to the attack (i.e., during the
presentation of the sensor) was divided by that number
plus the average rate of mouse clicks in the 5 s before
stimulus presentations across the game. The resulting
ratio was then multiplied by 120. For example, if a
participant clicked, on average, ten times prior to the
sensor CS and did not suppress his or her rate of
clicking (clicking ten times during the sensor CS), then
the ratio would calculate to .5, and their controls would
be frozen for 60 s by an attack.

Context changes were initiated by presenting a standard
Microsoft Windows message box with the text BPlease attend
to this important message^ displayed on the title bar of the
message box. The text in the message box read, BYou, your
sensors, and the enemy are being transported to _________
galaxy for further testing. Press ‘OK’ to proceed.^ When the
participant pressed the BOK^ button, another message box
was displayed. The text BPress ‘OK’ now for immediate
transport^ was displayed in the title bar, and the text in the
message box read, BRemember, you, your sensors, and the
enemy are being transported to _______ galaxy.^ Fictitious
names of the galaxies (e.g.,Blue Galaxy, Crab Galaxy) were
presented where indicated by the blanks. When the participant
pressed the BOK^ button, the screen flickered, and the current
background (e.g., Crab Nebula) was replaced with the alter-
native (e.g., Eagle 1 Nebula).

Procedure

The experiment began with 310 s of exposure to Context B
where participants played the game with no stimuli being
presented. Then, they were switched to Context Awhere they
began Phase 1 and received eight conditioning trials with X
with a variable intertrial interval (ITI) averaging 9.5 s. These
parameters were exactly the same as in the analogous phase of
Nelson et al. (2013). Following conditioning with X, all
groups entered Phase 2. Except for Group No Extinction, all
groups received eight extinction trials where X appeared with-
out an attack. Group No Extinction received the same trials
but the X stimulus was presented as black, producing no vi-
sual changes in the game. Extinction of X followed the same
parameters as were used in the analogous phase in Nelson
et al. (2013). The ITI was again variable with a mean of
9.5 s. Following phase 2, Groups Renewal Before A and Re-
newal Before B received a test with X either in Context A or
Context B, respectively. There were four test trials with an
average ITI of 10.5 s. The experiment ended for these two
groups. The remaining groups entered Phase 3 and received
five conditioning trials with T in Context A with an average
ITI of 10 s. Following the conditioning of T all remaining
groups were tested. The Renewal After A and Renewal After
B groups were tested with X in Contexts A and B, respective-
ly. The Extinction and No Extinction Groups were tested with
T in Context B. The ITIs on these trials were the same as those
used on test in the Renewal Before Groups.

Data analysis

The data analysis strategy described here shall apply to all
experiments reported in this manuscript. Responses were re-
corded during the 5-s CS and during the 5-s immediately
preceding the CS (pre-CS). These data were converted into
standard suppression ratios (CS / (pre-CS + CS)). Participants
were initially screened to remove those who failed to learn the
basic task during the first phase. Participants for whom sup-
pression ratios on two out of the last three trials of the first
phase of conditioning were not lower than the first trial were to
be excluded (see also Nelson et al. 2011b). In previous reports
using this method (e.g., Nelson et al. 2011a, 2012) we exclud-
ed participants who had low pre-CS responding (average <5)
as that procedure was successful in eliminating the oc-
casional pre-CS response rate of zero for which calcu-
lation of a suppression ratio would be uninterpretable.
However, in these experiments that criterion did not
meet that goal successfully. Therefore, participants that
had a zero pre-CS rate on any of the variables in a
particular analysis were eliminated from that analysis.
Chi-square tests of independence were conducted at
each step to assess whether or not the exclusions pro-
duced any selection bias, and are reported here only in
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the one case where the test was significant. Where not
reported, there was no relationship between being ex-
cluded and group membership.

Suppression ratio data were analyzed with mixed
(within-between) analysis of variance (ANOVA) using
type-3 (unweighted) sums of squares. Simple effect tests
were also conducted with ANOVA using error terms
and degrees of freedom derived from the overall
ANOVA using standard procedures as described by
Howell (1987). Effect sizes are reported as partial-eta
squared for ANOVAs with more than one independent
variable, and as Cohen’s d for any ANOVA involving
only two means, using the pooled variance around the
two means being compared.

For null-results that go against the hypothesis, the odds of
the null given the data, relative to the alternative, were com-
puted using the Bayesian methods described byWagenmakers
(2007; see also Masson 2011). This method, based on the
Baeysian Information Criterion (BIC, see Glover and Dixon
2004, for other example usages) was chosen for its computa-
tional simplicity and the reasonable objective practice of
assigning an equal prior probability to the models specified
by the null (i.e., x = μ) and the alternative (e.g., x = μ +
Context + Extinction + Extinction × Context). The BIC is a
statistic that adjusts a standard likelihood ratio (i.e., comparing
the likelihood of one model of the data to another) according
to the complexity of the model. In the present work it was
calculated as nln SS Error

SS EffectþSS Error

� �
þ Ln nð ÞDF effect and repre-

sents the improvement in fit of the data by the alterna-
tive model over the null. The resulting BIC (or ΔBIC
as it represents a difference between the null and alternative
models) was then transformed into an estimate of the Bayes
factor by e.5BIC, representing the posterior odds of the null
being the true state of affairs over the alternative.

Above, n represents the number of subjects for both
between- and within-subject factors. The issue of n in
the within-subject case is a subject of debate (see
Masson 2011). It can represent the number of subjects
(N) or be linked to the number of observations (N *
(within subject factors – 1)). Lindley has shown that
when a result is significant at some alpha level, a
sample size (N) can be found such that the posterior
probability of the null is nevertheless 100 minus alpha
(i.e., Lindley’s paradox, Lindley 1957). With increases in
N the evidence favoring the null hypothesis increases.
For that reason n in the calculation of the BIC was here
chosen consistently as the number of subjects to provide
more conservative estimates of the support for the null
hypothesis. The strength of support offered by those
odds was interpreted using guidelines derived from
Raftery (1995; as discussed in Wagenmakers 2007) as
weak (1–3), positive (3–19), strong (19–99), and very
strong (>99).

Results

The data from the first three phases are shown in Fig. 1, which
collapses across the six grouping variables as there were no
group differences. All groups acquired suppression to X dur-
ing Phase 1 and those that received extinction showed de-
creases in suppression during Phase 2 extinction. Suppression
to Twas acquired in the Groups that received conditioning of
T during Phase 3. On test, shown in Fig. 2, there was evidence
of AAB renewal when the extinguished X was tested, but
there was no effect of prior extinction of X on responding to
T in Context B.

Phases 1– 3

Group × Trials ANOVAs were conducted on each phase. In
Phase 1 all six groups were included. Phase 2 included the five
groups that received extinction. Phase 3 included all groups
except the Renewal Before conditions as they were retired
prior to this phase. Data screening eliminated six participants
in Phase 1, 11 in Phase 2, and two in Phase 3. There were
effects of Trials in each phase, with suppression to X increas-
ing in Phase 1, F(7,833) = 147.91, p < .0001, η2p = .55,
decreasing in Phase 2, F(7,644) = 43.11, p < .0001, η2p =
.32, and increasing to T in Phase 3, F(4,332) = 18.77, p <
.0001, η2p = .18. In no case were there effects of, or involving,
the grouping variable, ps ≥ .13.

Testing

The data from the tests are shown in Fig. 2. The left-most
panel shows the renewal tests where the extinguished X was
tested in Context A where conditioning and extinction had
occurred, or in Context B where it had never before been

Fig. 1 Suppression to X during Phase 1 conditioning, Phase 2 extinction,
and suppression to T during Phase 3 conditioning during Experiment 1. +
indicates trials where the conditioned stimulus (CS) was paired with an
attack. − indicates trials without an attack. Bars represent the standard
error of the mean
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presented. The right panel shows the effect of prior Extinction
of X on suppression to T in Context B. The analyses support
that there was a renewal effect, and there was no effect of prior
Extinction of X on responding to T in Context B.

Renewal testing Responding to X was analyzed with a Test
Time (before or after Phase 3) by Context (same/different) ×
Trials ANOVA. The data are shown at left in Fig. 2, which
collapses across the Test Time variable as it did not affect the
Context effect. There were effects of Trials and Trials by Test
Time, Fs(4,316) ≥ 2.54, ps ≤ .04, η2p = .22 and .05, respec-
tively. Regarding the interaction, suppression to the
extinguished X during the first few trials was somewhat great-
er after Phase 3 than before it, allowing for greater extinction
of responding (i.e., the effect of trials) in the later test.

Of most interest, there was a Context × Trials interaction,
F(4,316) = 4.53, p = .001, η2p = .05 that did not interact with
Test Time, F < 1. Collapsed over trials, the Context × Test
Time interaction approached reliability, F(1,79) = .08. Be-
cause suppression on the later test was initially somewhat
greater, the effect of context tended to persist longer (i.e., it
extinguished into a ceiling more slowly) producing an insig-
nificant trend for a larger context effect at the later test. Simple
effect tests of Context on each trial showed an effect on Trial
1, F(1,136) = 8.12, p = .005, d = 1.28. There were no differ-
ences on any other trial, Fs < 1.

Effect of extinction on T in B Responding to T was analyzed
with an Extinction (preceded by Extinction of X, or not) ×

Trials ANOVA. These data are shown in the right panel of
Fig. 2. There was an effect of Trials, F(4,168) = 54.06, p <
.0001, η2p = .56. There was no effect of Extinction, F < 1, and
no interaction F(4,168) = 1.74, p = .14. The odds positively
supported the null over the alternative with regards to the
effect of Extinction (odds = 6.62). Given the characteristics
of the data we would expect that out of every 7–8 experiments
an effect of Extinction might be observed once with null re-
sults obtained otherwise. The odds strongly supported the lack
of an Extinction × Trials interaction (odds = 792.49).

Due to our a-priori interest in the effect of Extinction, we
nevertheless tested for an Extinction effect at each trial and
found none, Fs(1,98) ≤ 1.23, ps ≥ .27. The odds posi-
tively supported the null in every comparison (oddsmin-

max = 3.51 – 6.62).

Discussion

To test the effect of prior extinction on contextual control of
responding to a simple CS, X was extinguished or not prior to
conditioning of T. We used parameters that have produced
independent evidence consistent with attention-like processes
being aroused to contextual stimuli (Nelson et al. 2013) fol-
lowing extinction. That manipulation, according to ATCP,
should make responding to T more context specific than it
ordinarily might be. When tested in Context B, there was no
evidence whatsoever of an effect of prior extinction. More-
over, the data provided positive support for the null
hypothesis.

Other groups received simple conditioning and extinction
of X. In some groups X was then tested in the context where
conditioning and extinction had occurred, while other groups
were tested in a different context, Context B. Testing occurred
either at the time T+ training was occurring in the With- and
No-Extinction Groups, or afterwards. There was an effect of
Context that did not depend upon test time where suppression
to X was renewed. Thus, both at the moment that T+ training
was being conducted and when T was being tested there was
evidence that the contexts could be discriminated. To the ex-
tent that such a result depends on attention to the context, as
specified by ATCP, there was evidence that subjects were
attending to the context. Despite that evidence, there was no
observable effect of the extinction manipulation when T was
tested in a different context.

In this experiment, extinction was incomplete. Inspection
of Fig. 1 shows that the level of suppression on trial 8 of
extinction was several standard errors below that of the first
trial of conditioning. One interpretation of that level of
responding is that it should reflect uncertainty about the mean-
ing of X, and thus yield attention to the context as was sup-
posedly produced by the same manipulation in Nelson et al.
(2013). However, in another sense, the CS might not have
been fully ambiguous. The level of responding might

Fig. 2 Test data from Experiment 1. The left panel shows suppression to
X test in Context A (solid circles) where extinction of X had occurred or
Context B (open circles) where X had never before been presented. The
right panel shows responding to T in Context B where it had never before
been presented. Solid triangles represent groups for which T was
conditioned without prior extinction of X occurring. Open triangles
represent groups for which T was conditioned after X had been
extinguished. Bars represent the standard error of the mean. See text for
details
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represent variation in the strength to which the CS predicts the
attack, rather than competition between the extent to which the
CS predicts an attack versus its absence. The acquisition of the
second meaning might not have been fully realized (neverthe-
less it was sufficient to induce contextual control, as evi-
denced by the response recovery to X). Although there was
still evidence of attention to the contexts as defined by ATCP
in the Renewal Groups, the contextualization process
may have ended with the extinction of X and been
unable to affect T.

Experiment 2

Experiment 2 was undertaken to ensure that X could be-
come fully ambiguous, and that T was trained both during
and after the production of that ambiguity. The design is
shown in Table 2. In Experiment 1 we followed condi-
tioning and extinction of X with conditioning of T be-
cause we had evidence that attention to contexts was pres-
ent after extinction (Nelson et al. 2013). In Experiment 2,
rather than completing the extinction phase with X and
then conditioning with T, we used the procedure used in
the majority of the human demonstrations where T is con-
ditioned concurrently with the extinction of X. The design
was a simple two-by-two factorial where T was condi-
tioned either while X was undergoing extinction or not,
and subsequently tested in the same context as where it
was trained, or a different one. Participants received more
extensive conditioning (12 trials) and Extinction (14 trials)
to ensure that the learning in each phase was complete
and that X was ambiguous in the sense of having acquired
two associations.

The design also included three contexts. All training took
place in Context A, and subjects received exposure to Con-
texts B and C during conditioning. Prior to test all participants
received another brief exposure to Context C. Thus, all partic-
ipants received a context change prior to the test with T. Par-
ticipants being tested in the same context as training, Context
A, received a context-change procedure immediately before
the test just as did the participants being tested in Context B, a

feature not present in the prior experiment (see Nelson et al.
2013, for discussion).

We used conditioning and extinction parameters similar to
those found in Nelson et al. (2012), where asymptotic re-
sponse levels were evident after 12 conditioning trials and
14 extinction trials. We also replaced the purple CS with red
or yellow, as was used in Nelson et al. (2011b, 2013). Finally,
we conducted only four conditioning trials with T as
potentially weaker levels of conditioning have been as-
sociated with increased sensitivity to contextual changes
(Hall and Honey 1990).

Method

Subjects and apparatus

Participants were volunteers solicited from a college campus.
We sought to recruit 80 participants for this study, with min-
imum group sizes of 20. Recruitment sheets allowed more
participants than necessary to volunteer to compensate for
Bno shows.^ As no participant who volunteered and appeared
for their appointment was turned away, 98 participants ulti-
mately participated.

The same apparatus as was used in the previous experiment
was used here. In addition to the Eagle 1 and Crab Nebula
galaxy backgrounds (counterbalanced as Contexts A and B)
an additional context (BSwirl^ galaxy) was used as Context C,
as described by Nelson et al. (2013). Red (RGB 255-0-0,
appearing in third oval) and yellow sensors were
counterbalanced as X and T.

Procedure

Random assignment placed 23 participants in each of the
No Extinction Groups and 24 and 28 participants in the
With Extinction A and With Extinction B Groups,
respectively.

Phase 1, X+ During conditioning participants received trials
in the three contexts in the order A,B,C,A,C,B, with the posi-
tion of A and B in the sequence counterbalanced. With each
exposure to A they received six trials where Xwas paired with
the attack US. Participants simply played the game with no
stimuli presented in contexts B and C for the same amount of
time. The average ITI in this phase was 11 s.

Phase 2, X-/T+ Extinction took place in Context A. All par-
ticipants received a total of 18 trials in this phase, with an
average ITI of 11 s. Four of the trials (trials 5, 7, 12, and 18)
consisted of pairing T with the attack US. The remaining 14
trials varied by Group. Groups Extinction A and Extinction B
received presentations of Xwithout the US on these trials. The

Table 2 Design of Experiment 2

Group Phase 1 Phase 2 Test 
No Extinction-A

A: 12X+ /B:--/C:--
A: -- / 4T+ 

C:-- | A: 4T
No Extinction-B C:-- | B: 4T

With Extinction-A
A: 14X- / 4T+

C:-- | A: 4T
With Extinction-B C:-- | B: 4T

Note A: and B: and C: are different galaxy contexts. X and T are red or
yellow lights, counterbalanced. + and − refer to the presence and absence
of an attack by an enemy spaceship, respectively. Numbers refer to the
number of trials. – indicates exposure to the context. / indicates
intermixed trials. | indicates a separation of trial types
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other groups received presentations of the black sensor which
produced no visual changes in the game.

Testing with T

Immediately following extinction, all participants received
60 s of exposure to Context C followed by a context change.
Those in groups Extinction B and No Extinction B then re-
ceived testing in Context B with the remainder of the groups
tested in Context A. T was presented four times in extinction
with an average ITI of 11 s.

Results

Five participants were excluded for failing to condition to X.
Data from training are shown in Fig. 3, which does not col-
lapse across groups as there was one, seemingly spurious,
difference among the groups in the first phase on trial four
of conditioning. Suppression in the groups to be tested in
Context A was slightly greater than that of those to be tested
in Context B. Conditioning of T occurred uneventfully. On
test, shown in Fig. 4, there was reliable extinction of
responding, with some possibly weak evidence for less sup-
pression in Context B than in Context A in the No Extinction
Group. There was no evidence for an effect of Context in the
With Extinction Group. There was no strong effect of the
Extinction variable on test in either context, with the odds
favoring the null hypotheses.

Phase 1: X+ trials Figure 3 shows the data fromConditioning
and Extinction. Seven participants were excluded in Phase 1

due to occasional zero pre-CS responses. An Extinction (to be
extinguished or not) by Context (to be tested in A or B) by
Trials ANOVA of suppression to X showed an effect of trials,
F(11,902) 80.86, < .0001, η2p = .5. Unexpectedly, there was a
Context × Trials interaction that just passed the standard of
reliability, F(11,902) = 1.83, p = .0453, η2p = .02. There were
no other effects, Fs ≤ 1.02, ps ≥ .31. Simple effect tests of
Context on each trial found a single difference on trial four,

Fig. 3 Training data from Experiment 2. Acquisition of suppression to X
(squares and diamonds) during Phase 1 conditioning is shown at left.
Extinction of X (squares) and conditioning of T (circles and triangles)
during Phase 2 is shown at right. Axis labels (e.g., 1,2…) reflect trial

numbers. Labels containing alphabetic text indicate both the type of
trial (e.g., T+/X-) and the trial number. + indicates trials where the CS
was paired with an attack. − indicates trials without an attack. Bars
represent the standard error of the mean

Fig. 4 Test data from Experiment 2. Points represent extinction trials
with T on test in Context A where it was trained (solid symbols) or in
Context B where it had never before been presented (open symbols).
Participants had received conditioning with T either concurrently with
extinction of X (triangles) or not (circles). Bars represent the standard
error of the mean
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F(1,590) = 9.32, p = .002, d = .66. Suppression in the groups
to be tested in Context A combined was slightly greater than
that of those to be tested in Context B combined. There were
no differences on any other trial, Fs(1,590) ≤ 2.26, ps ≥ .106.

Phase 2: X- trials Data from Extinction are shown in Fig. 3,
right-hand side. Eight subjects were removed due to zero pre-
CS scores. The data were analyzed with a Context ×
Trials ANOVA. There was a significant effect of Trials,
F(13,507) = 51.06, p < .0001, η2p = .57. There were no
other effects, Fs < 1.

Phase 2: T+ trials Data from Conditioning of T are also
shown in Fig. 3, right-hand side. Two subjects were removed
due to zero pre-CS scores. The data were analyzed with an
Extinction × Context × Trials ANOVA. There was an effect of
trials, F(3,261) = 12.68, p < .0001, η2p = .13. There were no
other effects, Fs < 1.21, ps > .30. The Extinction × Test Con-
text interaction approached reliability, F(1,87) = 3.17, p =
.079. As a pre-existing difference here would confound our
testing, we investigated these possible differences further.
Among groups not receiving Extinction, responding in those
to be tested in Context A averaged .11 and those tested in
Context B averaged .14. Among those that did receive extinc-
tion, responding in those to be tested in Context A averaged
.13 and those to be tested in Context B averaged .11. The
largest difference between means was the difference between
the No Extinction and With Extinction Groups in Con-
text B, which was not reliable, F(1,346) = 3.03, p =
.08. There were no reliable differences among the
groups during conditioning of T.

Tests with T

The data from this test are shown in Fig. 4. Five participants
were eliminated for a zero pre-CS score on some trial. An
Extinction × Context × Trials ANOVA showed an effect of
Trials, F(3,252) = 166.63, p < .0001, η2p = .66. There were no
other effects involving trials (i.e., Trials × Context, Trials ×
Extinction, and the three-way interaction), Fs ≤ 1.84, ps > .14,
with the odds strongly favoring the null in every case (odds ≥
327.18). The effect of Context approached significance, F(1,
84) = 3.03, p = .085, with no hint of an interaction with the
Extinction variable, F(1,84) = 2.23, p = .14. The odds slightly
favored the null regarding the effect of Context (odds = 1.85)
and its interaction with Extinction (odds =2.84). The effects
involving both Trials and Extinction were not significant, Fs <
1, with the odds strongly favoring the null (odds ≥ 440).

Despite the lack of an interaction, we investigated simple
effects due to our clear a-priori predictions. Those analyses
suggested an effect of Context in the No Extinction Group,
F(1,84) = 5, p = .028, η2p = .06, but none in the With Extinc-
tion Group, F < 1, where the odds again provided positive

evidence for the null (odds = 6.67) regarding the Extinction
variable. Averaged across trials there was no effect of the
Extinctionmanipulation in either context,Fs < 1 with the odds
weakly favoring the null in Context A (odds = 1.88) and
positively favoring it in Context B (odds = 5.61).

Inspection of Fig. 4 suggests that any effect of Context that
could be inferred, regardless of the strength of such an infer-
ence, was predominately due to greater suppression in Context
A in the No Extinction Group. On Trial 2, that group differed
from the other three groups, Fs(1,239) min-max = 5.24-9.49, ps

min-max .002-.023, dmin-max = .69-91. We generally must inter-
pret this result cautiously as it is not indicated by the overall
analysis. To the extent that the effects suggested are due to
greater suppression in this group, it indicates that extinction of
T in the context of acquisition was simply somewhat less
effective than in Context B or following Extinction of X. In
any case, there is no support for the idea of enhanced attention
to the context as evidenced by contextual control of T
resulting from Extinction of X.

Discussion

In the present experiment, asymptotic conditioning and ex-
tinction of X occurred. Moreover, in the group that received
extinction of X, conditioning trials with T took place both
while extinction of X was occurring (i.e., T+ trials 1 and 2)
and after it had reached asymptote (T+ trials 3 and 4). The
overall analysis of responding on test weakly (p = .085) indi-
cated that there was a context effect, and that it had the same
effect on both groups. Further analysis based on a-priori ex-
pectations suggested an interaction. There was a relatively
clearer suggestion of a context change effect in the groups that
had not received extinction of X, and none could be observed
in the group that did receive extinction of X. To the extent that
this result is reliable, it would be exactly the opposite of what
has previously been found in predictive learning methods.

It is possible that there was a Blearning to learn^ (LTL)
effect with extinction. Extinction with one stimulus can en-
hance the rate at which extinction occurs with another in some
situations (i.e., Vurbic and Bouton 2011). Such an effect
would lead extinction of T to proceed more rapidly in theWith
Extinction Groups than in the No Extinction Groups. In Con-
text A, this would result in the With Extinction Groups show-
ing less suppression than the No Extinction Group, as the
analyses suggest could have occurred. If the LTL effect was
itself context specific in this method (though there is no evi-
dence of such an effect where LTL of extinction has been
observed, Vurbic and Bouton 2011), then no effect of context
change would be observable. Both the With Extinction
Groups would show less suppression than the No Extinction
Groups tested in Context A, as was indicated by the simple-
effect tests.Whatever the merits of the overall reliability of the
pattern of data observed and the explanation above, there was
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no evidence of enhanced contextual control of responding to T
as expected by ATCP.

Asymptotic extinction was reached in this experiment.
We conducted asymptotic extinction to ensure that X was
fully ambiguous in the sense of having two well-learned
associations. Nevertheless, that manipulation problematically
raises the possibility that participants were no longer attend-
ing to the context (see Leon et al. 2011) and the change in
context had no effect. This possibility was ruled out in the
first experiment by a renewal test, though the extinction in
that experiment was pre-asymptotic. This possibility is also
reduced by the results of Nelson et al. (2011a), who ob-
served renewal with a stimulus receiving even more extinc-
tion. Nevertheless, the next experiment addressed the possi-
bility that participants were no longer attending to the
contexts.

Experiment 3

The design of Experiment 3 is shown in Table 3. In Experi-
ment 3 participants received conditioning and extinction of X,
with conditioning of T occurring during the extinction of X as
in Experiment 2. All participants received testing of both X
and T, with the order of testing counterbalanced. Half the
participants were tested in the same context as training and
the other half were tested in a different context. The parame-
ters were otherwise the same as in the previous experiment
except that context C was not included in the design. On the
first test, participants tested in Context A received the test
uninterrupted, while those tested in Context B received the
context switch. ATCP does not address what aspect of the
contexts needs to be different, only that the contexts are dif-
ferent. Including the context change procedure itself as part of
the context (as was done in Experiment 1) was intended to
further enhance any contextual differences at test. The expec-
tation was that there would be an increase in suppression ob-
served to the extinguished X with a context change, and ac-
cording to ACTP there should be a decrease in suppression to
the simple excitor T with a context change.

Method

Subjects and apparatus

Subjects were volunteers from a college campus. We planned
on recruiting group sizes of 20 and, again, had good partici-
pant turnout resulting in a total of 105 volunteers. The same
apparatus as was used in the previous experiments was used
here. Context C was not used in the present experiment.

Procedure

The conditioning of X, extinction of X, and conditioning of T
were conducted exactly as in the previous experiment except
that there was no exposure to Context C. Half the participants
in each group were tested in Context A and the other half were
tested in Context B. There were two tests, one test with X and
another test with T. Half of each of these groups first received
four test trials with X followed by four test trials with T, the
other half had this arrangement reversed. Thus, there were
four groups into which to assign participants (A-X-T, A-T-
X, B-X-T, B-T-X) where the first letter refers to the context
of testing and the next two letters designate the order in which
T and X were tested. Random assignment placed 25, 27, 27,
and 26 participants into groups A-X-T, B-X-T, A-X-T, and A-
T-X, respectively. The ITIs on each test were the same as used
on test in the previous experiment.

Results

Suppression to X was acquired and extinguished equivalently
between the different groups. Suppression to T was likewise
acquired equivalently. The data are shown in Fig. 5, which
collapses across the insignificant grouping variables. On test,
shown in Fig. 6, there was renewal to X indicating that the
contexts were not being ignored. There was weak evidence of
a context-switch effect on T.

Phases 1 and 2

Data in both phases were analyzed with Context (to be tested
in A or B) by Trials ANOVAs. In analyzing suppression to X
screening for zero pre-CS scores eliminated three participants
from the Phase 1 analyses and 14 from Phase 2. In Phase 1
there was an effect of Trials, F(11,1023) = 79.64, p < .0001,
η2p = .46, and no other effects, Fs < 1. In Phase 2, there was an
effect of Trials as X underwent extinction, F(13,1066) =
59.67, p < .0001, η2p = .42, and no other effects, Fs < 1.When
analyzing suppression to T, screening of the pre-CS data elim-
inated one participant. There was an effect of Trials as sup-
pression was acquired, F(3,285) = 16.16, p < .0001, η2p = .15,
and no other effects, Fs < 1.

Table 3 Design of Experiment 3

Group Phase 1 Phase 2
Test 

T and X test order
was counterbalanced

With Extinction-A
A: 12X+ /B:-- A: 14X- / 4T+

A: 4T- ~ A:4X-

With Extinction-B B: 4T- ~ B:4X-

Note A: and B: and C: are different galaxy contexts. X and T are red or
yellow lights, counterbalanced. + and − refer to the presence and absence
of an attack by an enemy spaceship, respectively. Numbers refer to the
number of trials. – indicates exposure to the context. / indicates
intermixed trials. ~ indicates counterbalancing of the test blocks
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Testing

Screening for zero pre-CS rates eliminated seven participants.
Data from testing are shown in Fig. 6, which collapses across
the Test Time variable as it had no interactions with the Con-
text effect.

Renewal test with X The four test trials with X were analyzed
with a Context × Test Time × Trials ANOVA. There was an
effect of Trials, F(3,261) = 43.39, p < .0001, η2p = .33, and a
Trials × Test Time interaction, F(3,261) = 13.72, p < .0001,

η2p = .13. Testing X after T led to somewhat more suppression
overall to X on the early trials, which thus underwent greater
extinction over the test trials.

Of most importance, there was a Context × Trials interac-
tion, F(3,261) = 3.01, p = .03, η2p = .03, that did not interact
with Test Time F = .12. The main effect of Context
approached significance, F(1,87) = 3.92, p = .0508, and there
was no interaction with Test Time, F = .14. Simple effects of
Context at each trial showed reliably more suppression
in Context B than in Context A on Trial 1, F(1,141) =
9.94, p = .001, d = .66, and none on other trials, Fs(1,
141) ≤ 2.3, ps ≥ .13.

Context effect with T The four test trials with Twere analyzed
with a Context × Test Time × Trials ANOVA. There was a
reliable effect of Trials, F(3,261) = 65.09, p < .0001, η2p = .43.
The Trials × Context interaction only approached signifi-
cance, F(3,261) = 2.49, p = .061, η2p = .028. There were no
other effects,Fs ≤ 2.35, ps ≥ .12. The odds were in favor of the
null in all effects involving Context (oddsmin-max = 2.82 -
240.9). Given our a-priori interest in a context effect here,
we nevertheless conducted simple effect tests on each trial.
These tests potentially showed less suppression in Context B
than in Context A on trial 2, F(1,219) = 7.81, p = .0057, d =
.59, and no other trial, Fs(1,219) ≤ 2.35, ps ≥ .127.

Discussion

The present experiment produced evidence that even after
asymptotic extinction, participants were still sensitive to con-
text changes. Renewal with X was evident. In ATCP terms,
participants were still attending to the context. Nevertheless,

Fig. 5 Training data from Experiment 3. Suppression to X during Phase
1 conditioning, Phase 2 extinction, and suppression to T during Phase 3.
Extinction of X (squares) and conditioning of T (triangles) during Phase
2 is shown at right. Axis labels (e.g., 1,2…) reflect trial numbers. Labels

containing alphabetic text indicate both the type of trial (e.g., T+/X-) and
the trial number. + indicates trials where the conditioned stimulus (CS)
was paired with an attack. − indicates trials without an attack. Bars
represent the standard error of the mean

Fig. 6 Test data from Experiment 3. Left panel shows suppression to X
test in Context A (solid circles) where extinction of X had occurred or
Context B (open circles) where X had never before been presented. Right
panel shows responding to T in Context Awhere it had been trained (solid
triangles) or Context B where it had never before been presented (open
triangles). Bars represent the standard error of the mean. See text for
details
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the effect of a context change on responding to the excitor T
was negligible, if present at all. Unfortunately, we did not have
a control condition where the context switch effect on T was
assessed in a group that had not received extinction of X as in
Experiment 2, and the ambiguity in interpretation produced by
these results highlights the need for such a control. The pos-
sible effect observed with T might simply represent an ordi-
nary small effect of a context change with this method (see
Nelson et al. 2011b) rather than the specific effect of prior
extinction. Experiment 4 was conducted to provide the appro-
priate control.

Experiment 4

Experiment 4 used the same 2 × 2 factorial design of
Experiment 2 (see Table 4) but Context C was omitted as in
Experiment 3 where evidence of attention to contexts was
obtained with the renewal test. All participants received con-
ditioning of X. Twas then conditioned while X was undergo-
ing extinction or not, and subsequently tested in Context A or
B. The expectation at test, based on ACTP, is that any effect of
Extinction observed in Context B, where T has never before
been presented, should be greater than in Context A.

Method

Subjects and apparatus

Subjects were volunteers from a college campus. The partic-
ipant pool for this experiment was expected to be smaller than
that of the others due to the time frame being near the end of
an academic year, thus we planned to collect data from 48
participants as reliable effects of renewal occur with this meth-
od using similar N (Nelson et al. 2011a). Attendance was
surprisingly good and 51 volunteers ultimately participated.
Random assignment placed 12 inGroupsNo ExtinctionA and
Extinction B, 14 in No Extinction B, and 13 in Extinction A.

The same video game as was used in the previous experiment
was used here.

Procedure

The procedure and parameters were the same as in Experiment
2 with two exceptions. First, Context C was not used. Second,
there was a programming error in the With Extinction groups.
In these groups the second scheduled T+ trial was inadvertent-
ly programmed as an X+ trial. Thus, these groups received
one fewer T+ trial than did the No Extinction conditions, and
two phases of Extinction (before and after the inadvertent X+
trial). Despite that confound, the error has interesting implica-
tions for the interpretation of the results.

Results

The data from the first two phases of training are shown in
Fig. 7. No participant was eliminated for failing to condition to
X. Conditioning of X occurred equally in all groups. Extinc-
tion in the With Extinction Groups was interrupted after the
fifth extinction trial. Nevertheless, extinction occurred both
before and after that error. Despite the fact that the With Ex-
tinction Groups received one less T+ trial, suppression to T
was acquired equally in all groups. On test, shown in Fig. 8,
there was a main effect of Context. There was less suppression
to T in Context B than in Context A in both groups. There was
no measurable effect of the Extinction manipulation, with the
odds providing positive to very strong support for the null in
all tests involving the Extinction manipulation. The following
analyses support these descriptions.

Phase 1: X+ No participant was eliminated for having a zero
pre-CS in Phase 1. Conditioning with X was analyzed with an
Extinction (to be extinguished or not) × Test Context (to be
tested in context A or B) ANOVA. There was a significant
effect of Trials, F(13,260) = 47.03, p < .0001, η2p = .5, and no
effects involving Test Context, Fs ≤ 1.24, ps ≥ .24. The data
are shown in Fig. 7, which collapses across the insignificant
Test Context variable Fig. 8.

Phase 2: X- As reported in the opening summary, the groups
receiving extinction of X inadvertently received a reinforced
X trial on what should have been the second T+ trial (above T
+ 2 / X+ in Fig. 7). There were three subjects excluded for at
least one trial with a zero pre-CS in this phase, and all three
were in the group to subsequently be tested in Context B. The
exclusion was not necessarily independent of the four groups
in the experiment in the analysis of this phase,Χ2 (3) = 10.36,
p = .02. Analyses excluding those subjects, or including those
subjects but excluding trials 2 and 4 where the zero pre-CS
scores occurred, reached exactly the same conclusions. For
brevity, we will report the only the former.

Table 4 Design of Experiment 4

Group Phase 1 Phase 2 Test 
No Extinction-A

A: 12X+ /B:--
A: -- / 4T+ 

A: 4T
No Extinction-B B: 4T

With Extinction-A *A: 14X- / 4T+
A: 4T

With Extinction-B B: 4T
Note A: and B: are different galaxy contexts. X and T are red or yellow
lights, counterbalanced. + and − refer to the presence and absence of an
attack by an enemy spaceship, respectively. Numbers refer to the number
of trials. – indicates exposure to the context. / indicates intermixed trials. |
indicates a separation of trial types. * A programming error altered these
events such that there were 13X− trials, 1 X+ trial, and 3T− trials. See text
for details
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ATest Context × Trials ANOVA over the 14 X- trials re-
vealed an effect of Trials, F(13,260) = 3.02, p < .0001, η2p =
.13, and no effects of Test Context, Fs ≤ 2.31, ps ≥ .14. The
inadvertent X+ trial after trial 5 led to two apparent extinction

curves. Suppression decreased from trials 1–5, F(4,84) = 4.92,
p = .001, η2p = .19, and again from trials 6–14, F(8,168) =
3.85, p = .0003, η2p = .14.

Phase 2: T+ One subject was eliminated for a zero pre-CS
score. Because the With Extinction group was missing the
second T+ trial, only the first, third, and fourth T+ trials were
analyzed with an Extinction × Test Context × Trials ANOVA.
The analysis showed an effect of Trials, F(2,94) = 7.78, p <
.0001, η2p = .14, and no other effects, Fs < 1.
Test with T in A or B

The data from these tests are shown in Fig. 6. Two subjects
were removed due to zero-pre CS scores. The four test trials
were analyzed with an Extinction × Context × Trials ANOVA.
The analysis revealed an effect of trials as responding
extinguished over the test, F(3,135) = 34.71, p < .0001, η2p
= .44. There was a main effect of Context, with less
responding in Context B than in Context A, F(1,45) =
10.01, p = .003, d = .84. There were no other effects, Fs < 1.
The odds favored the null regarding the effect of Extinction
(odds = 4.02), the Extinction × Context interaction (odds =
9.46), and very strongly favored the absence of a three-way
interaction of Extinction × Context × Trials (odds = 374.76).

Simple-effect tests confirmed that there was clearly no in-
teraction of prior Extinction with the contextual control. The
effect of Context was present in both the NoExtinctionGroup,
F(1,132) = 5.32, p = .03, d = .94, and the With Extinction

Fig. 7 Training data from Experiment 4. Acquisition of suppression to X
(squares = With Extinction Groups and diamonds = No Extinction
Groups) during Phase 1 conditioning is shown at left. Extinction of X
(squares) and conditioning of T (triangles and circles) during Phase 2 is
shown at right. Axis labels (e.g., 1,2…) reflect trial numbers. Labels

containing alphabetic text indicate both the type of trial (e.g., T+/X-)
and the trial number. + indicates trials where the conditioned stimulus
(CS) was paired with an attack. − indicates trials without an attack. Bars
represent the standard error of the mean

Fig. 8 Test data from Experiment 4. Points represent extinction trials
with T on test in Context A where it was trained (solid symbols) or in
Context B where it had never before been presented (open symbols).
Participants had received conditioning with T either concurrently with
extinction of X (triangles) or not (circles). Bars represent the standard
error of the mean
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Group, F(1,132) = 4.69, p = .036, d = .87. There was no
measurable effect of the Extinction manipulation in either
Context, Fs < 1, with the odds positively supporting the null
both in Context A (odds 3.82) and in Context B (odds = 5)
where an effect was expected.

There was room to see an effect of Extinction in Context B
as responding on the first two trials was clearly lower than on
the last two, showing apparent room to observe differences.
The first trial, which is empirically the most sensitive to con-
text effects after extinction, had the greatest range in which to
observe a decrease in suppression. The first trial in the With
Extinction Group tested in B averaged .155 with a standard
error of .052. Thus, a mean of zero (complete suppression) is
clearly not within a 95 % confidence interval. That observa-
tion supports that suppression was not embedded so deeply
into a floor that differences could not be seen.

The lack of effect of the Extinction manipulation here is not
due to a power issue, even given that the sample sizes were
smaller than in the previous experiments. The preset pattern of
means would require an approximate 450 % increase in N for
effects of, or involving, Extinction × Context to be significant.
In such a case, the effect would be in the opposite direction as
predicted by ATCP. The effect size for Context in the No
Extinction Group is numerically larger than in the Extinction
Group, which would be consistent with the pattern observed
in Experiment 2.

Discussion

In the present experiment participants underwent conditioning
with T either while X was undergoing extinction or not. A
programming error introduced a confound between the Ex-
tinction conditions where the group receiving conditioning
with Extinction received 1 less T+ trial. If anything, that one
less trial would be expected to enhance the stimulus’ sensitiv-
ity to contextual changes (e.g., Hall and Honey 1990). Also,
the error introduced a conditioning trial with X so that X
essentially underwent two phases of extinction. There was
extinction of X prior to the reinforced trial that reinstated high
suppression, and extinction of X after that trial. According to
ATCP these conditions should make the meaning of X espe-
cially uncertain, ensuring especially high levels of attention to
the context. Nevertheless, on test the context-switch effect on
T in the group that received extinction of X was no different
from that in the group that had not received extinction of X.

We could argue that because a context effect was observed
in the No Extinction Groups, attention was being devoted to
the contexts throughout the experiment regardless of the Ex-
tinction manipulation and extended training. The exact nature
of the relationship between levels of attention and levels of
contextual control is not explicitly specified in ACTP. That is,
there is no direct statement as to whether contextual control is
achieved to its maximum degree given any level of attention

in an all-or-none fashion, or if contextual control is a graded
function of levels of attention. If we assume either that atten-
tion was maintained as its highest level or that contextual
control is an all-or-none function of any level of attention,
then there would be no room for increases and no effect of
Extinction would be observed in the With Extinction Groups.
We cannot rule out such a possibility. Nevertheless, a null
effect of the Extinction manipulation was observed both in
situations where a context switch affected (Experiment 4)
and did not affect (Experiment 2) responding, suggesting rel-
ative independence of the two functions with the present pro-
cedures. Assuming asymptotic attention to the context also
prompts the question as to why renewal was observed in
Experiments 1 and 3, the effect for which ACTP was designed
to explain. If asymptotic attention or contextual control was
maintained throughout the experiment resulting in condition-
ing being context specific, and extinction being context spe-
cific, little effect of a context change should be expected (i.e.,
the opposing tendencies would cancel) unless second learning
is especially sensitive to contextual control as suggested by
Bouton (1993) and Nelson (2002).

General discussion

ATCP (e.g., Rosas and Callejas-Aguilera 2006) predicts that
extinction of one stimulus will lead to contextual control of
learning about other stimuli by way of extinction producing
ambiguity and enhancing attention to the contexts. In humans,
the result has been demonstrated only in predictive learning
tasks. The present research investigated whether or not such
an effect would occur in a behavioral task. Using a task that
produces evidence of attention to contexts, as well as a variety
of context-switch effects, no evidence for enhanced contextual
control of learning by extinction of another stimulus
was found.

Experiment 1 used conditioning and extinction parameters
with stimulus X that are known to produce evidence consis-
tent with enhanced attention to the context (Nelson et al.
2013). Nevertheless, subsequent conditioning to stimulus T
was no more affected by a context change when preceded
by extinction of X than when not. Though a null result, the
result carries weight because renewal with X was demonstrat-
ed at the same time as when T was undergoing conditioning.
Thus, at the time of encoding T there was evidence that atten-
tion was maintained to the contexts according to ATCP. Also,
renewal with Xwas demonstrated at the time of testing with T,
thus at the time Twas tested there was evidence of attention to
the contexts.

Experiments 2–4 used parameters that produced strong and
asymptotic conditioning and extinction with X. Conditioning
of T was conducted while X was undergoing extinction in a
manner analogous to other demonstrations with predictive-
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learning methods (e.g., Rosas and Callejas-Aguilera 2006). In
no case was there convincing evidence of extinction of X
enhancing contextual control of T, even when there was evi-
dence of attention to the contexts at the time T was tested.

There are many differences between the task used here and
predictive learning tasks that could relate to the divergent re-
sults. Predictive learning tasks involve more cognitive effort,
participants experience the events in third person without per-
sonal consequence, and the dependent variables are more re-
lated to belief than action. In the suppression task participants
read instructions at the beginning of the task which undoubt-
edly can affect subsequent performance. However, from that
point on all stimuli are presented literally. Pairings of stimuli
are visually experienced and have behavioral consequences to
the participant. In predictive-learning tasks images of the stim-
uli (e.g., food, restaurants) that another individual has experi-
enced might be presented. However, they are accompanied by
labeling text that describes the pairing and personal conse-
quences of those pairings, to the participant, as absent. Predic-
tive ratings reflect a participant’s beliefs, which may or may
not change depending upon whether belief-based action is
required. The results of predictive learning tasks are known
to be sensitive to the way in which the questions used to gather
the ratings are phrased (e.g., Matute et al. 1996). Questions
regarding a participant’s likelihood to act on their knowledge
may be differentially sensitive to the prior-extinction manipu-
lation than questions about belief in predictive relationships.
Whether or not any of these factors relate to the discrepancy
between our results and those obtained with predictive-
learning techniques is unknown, but they are likely
candidates.

Research with animals has demonstrated the effect of ex-
tinction contributing to the contextual control of simple con-
ditioning. Such an effect in animals argues to its generality,
making the null results presented here appear all the more
unique. The effect with animals, however, may not be as as-
sured as it appears. In a taste-aversion paradigm, Rosas and
Callejas-Aguilera (2007) gave rats conditioning and extinc-
tion with flavor X, or unpaired presentations of X and the
lithium chloride injection. Then, X was presented alone in
both groups where it underwent extinction in the former
group, and was simply exposed in the latter as no conditioning
had previously occurred. Following that phase, flavor Y was
conditioned and then tested in the same or a different context
as it was trained. The paper reports a context effect where
there was less of an aversion to Y when tested in a different
context than in the same context, and no such effect was pres-
ent in the group for which X was never conditioned, and thus
never extinguished. The effect of prior extinction, however,
was not directly assessed. The paper does not report a differ-
ence between the extinction conditions when tested in Context
B that is absent in Context A. Inspection of their figures shows
the contrary. In the training context, A, there was what

appeared to be a substantially stronger aversion in the group
that received extinction than in the group that had received the
unpaired X-US presentations for which extinction had not
taken place prior to conditioning of Y (see Nelson et al.
2011b for further discussion).

Reports showing a response decrement with a context
change with animals have all, at one point or other, involved
thirsty rats with the use of liquids as either a CSs or rein-
forcers. Work with conditioning methods based on hunger
and food consumption has shown no such effect (Nelson
et al. 2011a). If any strong conclusion can be reached with
Nelson et al.’s data, it would be that extinction of one CS
enhanced transfer of responding with another CS to a different
context. Such a finding could imply contextual control, but
not of the nature being suggested by the work of Rosas and
Callejas-Aguilera (2007) and the implications are further
discussed in Nelson et al. (2011b). The work with animals
where effects have been reported either lack comparisons
where the effect of extinction is assessed at each level of the
context manipulation (Bernal-Gamboa et al. 2013; Rosas and
Callejas-Aguilera 2007), which would provide the most direct
evidence for the effect, or are absent a No-Extinction control
against which to ensure that the observed effects of
context would not simply happen anyway (Bernal et al.,
Experiment 2; Bernal-Gamboa et al. 2014). Like the results
of Nelson et al. (2011a) do with animals, the present results
appear to place constraints on the generality of ACTP as an
account of contextual control in humans.
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