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Counterconditioned fear responses exhibit greater
renewal than extinguished fear responses
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This series of experiments used rats to compare counterconditioning and extinction of conditioned fear responses (freezing)

with respect to the effects of a context shift. In each experiment, a stimulus was paired with shock in context A, extinguished

or counterconditioned through pairings with sucrose in context B, and then tested for renewal outside of context

B. Counterconditioned fear responses exhibited greater ABA renewal than extinguished fear responses. This result was ob-

served using a between-subjects design (Experiment 1) and a within-subject design in which counterconditioned and extin-

guished stimuli were equated in all respects other than their signaling of sucrose (Experiment 2). Counterconditioned fear

responses also exhibited greater ABC renewal than extinguished fear responses (Experiment 3). This result was observed

using a within-subject design in which context C was identical to context B in terms of its associative history, and when coun-

terconditioned and extinguished CSs were tested in compounds matched for their association with both shock and sucrose

(Experiment 4). These results are consistent with models which hold that context regulates expression of associations

formed in counterconditioning and extinction, and allow the level of regulation to be greater following countercondition-

ing than extinction, as noted in previous studies.

One way to eliminate conditioned fear is extinction. A relatively
innocuous stimulus, such as a tone, is first paired with an innate
source of danger (typically, brief but aversive footshock in ro-
dents). These pairings produce an association between the tone
[conditioned stimulus (CS)] and the aversive foot shock [uncondi-
tioned stimulus (US)] that is expressed on subsequent presenta-
tions of the CS in a range of defensive responses indicative of
fear in people. Extinction consists in repeated presentations of
the CS in the absence of the aversive US. The fear responses,
such as freezing, elicited by the CS decline across these presenta-
tions and eventually cease. Fear of the CS is said to be extin-
guished. It is now well-established that the learning produced
by conditioning survives extinction in spite of the fact that the
CS failed to elicit fear responses. For example, the fear response
that has been extinguished can be restored by testing the CS
outside the context where extinction occurred (renewal), inter-
polating US alone presentations between extinction and testing
(reinstatement), or testing the CS sometime after extinction
(spontaneous recovery). These fear restoration phenomena imply
that extinction involves new learning that inhibits retrieval and/
or expression of the original learning in fear responses (Bouton
1991, 1993, 1994, 2002, 2004; Delamater 2004; Delamater and
Westbrook 2014).

A second way to eliminate conditioned fear is countercon-
ditioning. Here, the CS is again presented in the absence of the
aversive shock US. However, in contrast to extinction where the
CS is presented alone, in counterconditioning the CS is paired
with an attractive US, such as food for a hungry rat. The fear re-
sponses elicited by the CS decline across these presentations
and are replaced with appetitive responses, such as approach to
the food magazine (see Dickinson and Pearce 1977). Moreover,
Bouton and colleagues have reported that a counterconditioned
CS exhibits the same forms of fear restoration as an extinguished
CS. A CS paired with shock in one context, A, and then paired with
food in a second context, B, elicits appetitive responses (head jerk)
when tested in context B but fear responses (freezing) when tested

in context A (renewal) (Peck and Bouton 1990). The fear responses
that have been replaced by appetitive responses across pairings of
the aversive CS and an attractive US are restored when the CS is
tested after shock alone presentations (reinstatement) (Brooks
et al. 1995). Finally, a CS paired with an aversive US and then
with an attractive US elicits appetitive responses when tested
shortly after counterconditioning but fear responses when tested
sometime after counterconditioning (spontaneous recovery)
(Bouton and Peck 1992). These results show that the original
learning survives counterconditioning in spite of the fact that
the CS elicited approach rather than fear responses. They imply
that the learning produced by counterconditioning, like that pro-
duced by extinction, inhibits retrieval and/or expression of the
original learning in fear responses. It is worth noting that renewal
and spontaneous recovery of the first-learned association have
also been demonstrated in appetitive-to-aversive countercondi-
tioning procedures (Peck and Bouton 1990; Bouton and Peck
1992), showing that the effects of a context change and lapse of
time are not specific to the shift from aversive conditioning in
stage 1 to appetitive conditioning in stage 2.

Thus, an extinguished and a counterconditioned CS both ex-
hibit renewal, reinstatement, and spontaneous recovery of fear.
A theoretically and clinically important question is which type
of CS elicits the greater fear restoration. On the one hand, counter-
conditioning converts an aversive CS from one that elicits fear
responses to one that elicits approach responses. Hence, this appe-
titive association may render the counterconditioned CS more
resistant to the return of fear than an extinguished CS (for a
similar argument in the case of appetitive-to-aversive countercon-
ditioning, see Van Gucht et al. 2013). On the other hand, counter-
conditioning may facilitate the discrimination between the two
meanings of the CS (danger and approach), and, therefore, better
preserve the original meaning of the CS than extinction. Hence,
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counterconditioning may be less resistant to the return of fear
than extinction (Redish et al. 2007).

The present experiments used between- and within-subject
designs to compare the effectiveness of extinction and counter-
conditioning in protecting against the return of fear. In each ex-
periment, the manipulation used to restore fear was testing the
CS outside the context where fear had been eliminated. The aim
of the initial experiments was to determine whether countercon-
ditioned fear responses are more or less sensitive to a context shift
than extinguished fear responses. These experiments used a
so-called ABA protocol in which rats were exposed to CS-shock
pairings in context A, subjected to extinction or countercondi-
tioning in context B and finally tested in context A. The subse-
quent experiments examined the generality of effects observed
in the initial experiments, and sought to identify the specific
mechanism by which a context shift yields these effects. They
used a so-called ABC protocol. Four CSs were each paired with
shock in context A, two were subjected to counterconditioning,
one in context B and the other in context C, while the other
two were subjected to extinction, one in context B and the other
in context C. The question of interest was the levels of renewal
when the CSs were tested outside the context where they had
been counterconditioned or extinguished: more specifically,
whether CSs that were counterconditioned or extinguished in
one context (e.g., context B) underwent renewal when tested in
the context where other CSs had been counterconditioned or ex-
tinguished (context C), and whether the level of this renewal was
greater for the counterconditioned than the extinguished CSs.

Results

Experiment 1
Experiment 1 used a between-subjects design to compare the ef-
fects of a context shift on extinguished and counterconditioned
fear responses. The design is shown in Table 1. Two groups of
rats were exposed to CS-shock pairings in context A, presentations
of the CS in the absence of shock in context B, and finally, test pre-
sentations of the CS alone in A. The two groups differed in their
treatments during training in context B. For one group, Group

EXT, conditioned fear responses were extinguished across repeat-
ed presentations of the CS alone. For the other group, Group CC,
conditioned fear responses were counterconditioned across re-
peated pairings of the aversive CS with an appetitive US, sucrose.

Figure 1 (left panel) shows the levels of freezing and time
spent in magazine across blocks of four trials in context B. Rats
in Group EXT froze more to the CS than those in Group CC,
F(1,6) ¼ 29.29, P , 0.01, 95% CI [23.17, 21.20], d ¼ 3.83. Levels
of freezing decreased across stage 2, F(1,6) ¼ 32.73, P , 0.01, 95%
CI [21.92, 20.77], d ¼ 1.07, indicating that extinction and coun-
terconditioning gradually eliminated freezing. There was no stat-
istically significant group × trials interaction, F , 4.7, Fc ¼ 5.99,
indicating that the differences between the levels of freezing
in the two groups persisted across stage 2. There was also no signif-
icant difference between the two groups in pre-CS levels of freez-
ing, F , 1. Rats in Group CC, but not in Group EXT, progressively
increased the amount of time spent in the magazine during CS
presentations, F(1,6) ¼ 7.56, P , 0.05, 95% CI [21.63, 20.09],
d ¼ 2.98, and rats in Group CC spent more time in the magazine
than rats in Group EXT, F(1,6) ¼ 20.32, P , 0.05, 95% CI [23.78,
21.12], d ¼ 3.19.

Figure 1 (right panel) shows the levels of freezing across
blocks of two CS presentations on test in context A. The statistical
analysis confirmed what is clear from inspection of the figure. Rats
that had received pairings of the CS and sucrose (Group CC) in
context B froze significantly more when tested with the CS in con-
text A than rats in Group EXT that had received CS alone presen-
tations in context B, F(1,14) ¼ 22.22, P , 0.001, 95% CI [22.62,
20.98], d ¼ 14.77. There was no significant decline in freezing
across CS trials, F(1,14) ¼ 2.46, and no significant group × trials in-
teraction, F , 1, indicating that the differences in the levels of
freezing between the two groups persisted across the test presenta-
tions. There was no significant difference between Group EXT and
Group CC in the overall level of pre-CS freezing, F , 1.

This experiment has confirmed that fear responses are re-
stored when a CS is paired with shock in context A, paired with
sucrose in context B and tested in context A (Peck and Bouton
1990). Rats that had been exposed to CS-shock pairings in context
A ceased to freeze and came to approach the magazine when

Table 1. Summary of designs for each experiment

Experiment 1
Group Stage 1 Stage 2 Test

CC Cxt A: CS1–shock Cxt B: CS1–sucrose Cxt A: CS1?
Ext Cxt A: CS1–shock Cxt B: CS1–nothing Cxt A: CS1?

Experiment 2
Stage 1 Stage 2 Test

Cxt A: CS1–shock Cxt B: CS1–sucrose Cxt A: CS1?
Cxt A: CS2–shock Cxt B: CS2–nothing Cxt A: CS2?

Experiment 3
Stage 1 Stage 2 Test

Cxt A: CS1–shock Cxt B: CS1–sucrose
Cxt A: CS2–shock Cxt B: CS2–nothing Cxt B and C: CS1?
Cxt A: CS3–shock Cxt C: CS3–sucrose Cxt B and C: CS2?
Cxt A: CS4–shock Cxt C: CS4–nothing

Experiment 4
Stage 1 Stage 2 Test

Cxt A: CS1–shock Cxt B: CS1–sucrose
Cxt A: CS2–shock Cxt B: CS2–nothing Cxt B and C: CS1CS4?
Cxt A: CS3–shock Cxt C: CS3–sucrose Cxt B and C: CS2CS3?
Cxt A: CS4–shock Cxt C: CS4–nothing

CS1, CS2, CS3, and CS4 are tone, noise, steady light, and flashing light-conditioned stimuli (counterbalanced within modality, within each experiment).

(CC) ¼ counterconditioning; (Ext) extinction; (Cxt) context; (CS) conditioned stimulus.
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the CS was paired with sucrose in context B. However, these rats
exhibited a high level of freezing when subsequently tested with
the CS in context A (it failed to extinguish across eight presenta-
tions of the CS alone), indicating a strong expectation of the aver-
sive US. These rats (Group CC) not only froze when tested with the
CS in context A but also froze more than rats that had been ex-
posed to CS alone presentations in context B (Group EXT). That
is, the amount of renewal observed after counterconditioning
was greater than that observed following extinction.

Experiment 2
In the previous experiment, the group subjected to extinction in
stage 2, Group EXT, was exposed to CS alone presentations in con-
text B, while the group subjected to counterconditioning in stage
2, Group CC, was exposed to CS–sucrose pairings in this context.
Thus, the two groups differed not only in the contingency be-
tween the CS and sucrose during stage 2 in B. They also differed
in that one group was exposed to sucrose while the other was
not. This experience of sucrose in Group CC may have rendered
contexts B and A more dissimilar than in Group EXT, resulting
in less transfer of stage 2 learning to the test context, and there-
fore, more renewal.

The present experiment addressed this issue using a within-
subject design (Table 1). The design consisted in exposing rats to
two CSs (CS1 and CS2), each of which was paired with the shock
US in context A. Then the rats were moved to context B where
training consisted in pairing one of the CSs, CS1, with the sucrose
US while additionally presenting CS2 alone. Finally, rats were re-
turned to context A for testing with CS1 and CS2. If the difference
in renewal in the previous experiment was due to between-group
differences in the perceived similarity of contexts B and A, and
therefore, transfer of stage 2 learning in context B to the test con-
text A, there should be no such difference in renewal of freezing to
the CS paired with sucrose in stage 2, CS1 (counterconditioned),
and the CS presented alone in stage 2,
CS2 (extinguished).

Fear conditioning of CS1 and CS2 in
context A proceeded without incident.
Figure 2 shows the levels of freezing and
time spent in magazine across blocks of
four CS presentations in context B (left
panel), and the levels of freezing across
blocks of two CS presentations on test
in context A (right panel). Freezing to
the CSs decreased across CS1–sucrose
and CS2-alone presentations in context
B, F(1,7) ¼ 91.5, P , 0.001, 95% CI
[23.44, 22.07], d ¼ 3.04. Critically, the
overall level of freezing was lower during
CS1 than CS2, F(1,7) ¼ 72.51, P , 0.001,

95% CI [22.44, 21.38], d ¼ 4.60. The
stimulus × block interaction was not sig-
nificant, F , 2.3, showing that the differ-
ence in freezing to CS1 and CS2 persisted
across all blocks of trials. Conversely,
time in the magazine increased across
blocks of trials, F(1,7) ¼ 30.93, P , 0.001,
95% CI [21.79, 20.72], d ¼ 4.42. The
rate of increase was greater for CS1 than
CS2, F(1,7) ¼ 7.29, P , 0.001, 95% CI
[21.25, 20.08], d ¼ 0.83, such that over-
all time spent in the magazine was great-
er for CS1 than CS2, F(1,7) ¼ 77.75, P ,

0.001, 95% CI [22.28, 21.32], d ¼ 2.73.
Inspection of the right panel sug-

gests that freezing was greater to the counterconditioned CS,
CS1, than the extinguished CS, CS2. This was confirmed by the
statistical analysis which revealed a significant main effect of stim-
ulus, F(1,7) ¼ 26.82, P , 0.001, 95% CI [0.76, 2.03], d ¼ 0.82. There
was no significant decline in freezing across CS trials, F(1,14) , 1,
and no significant stimulus × trials interaction, F , 1, indicating
that the differences in the levels of freezing to CS1 and CS2 persist-
ed across their test presentations.

This experiment has confirmed the results from Experiment
1. The CS paired with sucrose (CS1) and the CS (CS2) presented
alone progressively lost their ability to elicit freezing responses
across training in context B. Both CS1 and C2 again elicited freez-
ing when the rats were moved from context B and tested in con-
text A, and, importantly, CS1 elicited more freezing than CS2.
That is, the counterconditioned CS was subject to more renewal
than the extinguished CS. Moreover, the within-subject design
means that the difference between the test levels of freezing to
the counterconditioned and extinguished CSs was not due to var-
iations in processing of context B, and therefore, the extent to
which rats discriminated context B from the conditioning/test
context A (e.g., Capaldi et al. 1983).

Experiment 3
In each of the previous experiments, the training and test con-
texts, B and A (respectively), differed in terms of their associative
history: context B was associated with sucrose but not shock,
whereas context A was associated with shock but not sucrose.
As such, the basis of the difference in renewal to the countercon-
ditioned and extinguished CSs is not clear: the countercondi-
tioned CS may have exhibited greater renewal as a consequence
of the context shift per se, or the fact that testing occurred in a
context where rats had been shocked and never experienced
sucrose. The present experiment addressed this issue using one
version of a so-called ABC design. Four CSs, CS1, CS2, CS3, and

Figure 1. Experiment 1. (Left panel) Mean (+SEM) levels of freezing and time spent in magazine
during pre-CS and CS periods across blocks of trials in Experiment 1. (Right panel) Mean (+SEM)
levels of freezing during pre-CS and CS periods across blocks of two test trials in Experiment 1.

Figure 2. Experiment 2. (Left panel) Mean levels of freezing and time spent in magazine across blocks
of four trials in context B. (Right panel) Mean levels of freezing across blocks of two trials on test in
context A. The error bars in each panel show two standard errors of the difference between the
mean levels of responding (freezing or time in magazine) to CS1 and CS2 (Loftus and Masson 1994).
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CS4, were each paired with shock in context A. CS1 was then
paired with sucrose while CS2 was presented alone in a second
context, B. CS3 was paired with sucrose while CS4 was presented
alone in a third context, C. Finally, CS1 and CS2 were tested
in the context where they had been counterconditioned or ex-
tinguished, B, or in the context where CS3 and CS4 had been
counterconditioned or extinguished, C. This design equates the
training and test contexts, B and C, with respect to their associat-
ive history; hence, any renewal observed using this design must
arise as a consequence of the change in context–CS relations
across the shift from stage 2 in B to stage 3 (test) in C. It was antic-
ipated that this shift would renew counterconditioned fear re-
sponses to CS1 and extinguished fear responses to CS2. The
question of interest was whether counterconditioned fear re-
sponses to CS1 exhibited more or less renewal across this shift
than extinguished fear responses to CS2.

Fear conditioning of the four CSs in context A proceeded
without incident. Figure 3 shows the levels of freezing and time
spent in magazine across presentations of CS1 and CS2 in context
B (left panel) and CS3 and CS4 in context C (middle panel). In
each context, freezing to the CSs declined across blocks of trials,
F(1,7) ¼ 422.51, P , 0.001, 95% CI [25.04, 24.00], d ¼ 5.55.
Overall, the counterconditioned CSs, CS1, and CS3, evoked less
freezing than the extinguished CSs, CS2, and CS4, F(1,7) ¼

150.45, P , 0.001, 95% CI [21.59, 21.08], d ¼ 4.87. There was
no significant difference in the overall level of freezing in contexts
B and C, F , 1, and the two- and three-way interactions between
the factors of context, stimulus and block were not significant,
Fs , 2.7. Conversely, time in the magazine increased across
stage 2 training, F(1,7) ¼ 137.81, P , 0.001, 95% CI [22.88,
21.91], d ¼ 4.15. This increase was selective to the CSs paired
with sucrose, CS1 in context B and CS3 in context C, as evidenced
by a significant stimulus × block interaction, F(1,7) ¼ 248.44, P ,

0.001, 95% CI [21.88, 21.39], d ¼ 4.42. Consequently, the over-
all level of time in the magazine was greater for the CSs paired with
sucrose, CS1 and CS3, than for the CSs presented alone, CS2 and
CS4, F(1,7) ¼ 444.28, P , 0.001, 95% CI [23.24, 22.59], d ¼ 13.91.
There was no significant difference in overall time in magazine in
contexts B and C, F , 1.9, and the remaining two- and three-way
interactions between the factors of context, stimulus and block
were not significant, Fs , 1.1.

The right panel of Figure 3 shows the mean levels of freezing
to the context, CS1 and CS2 during the tests in context B and con-
text C. The CSs evoked little freezing when tested in the context,
B, where they had been counterconditioned (CS1) or extinguished
(CS2), and more freezing in the context, C, where CS3 had been
counterconditioned and CS4 had been extinguished. Critically,
inspection suggests that the levels of freezing produced by the
context shift between B and C were greater for the counter-

conditioned CS1 than the extinguished CS2. This was confirmed
by the statistical analysis which revealed significant main effects
of context, F(1,7) ¼ 41.33, P , 0.001, 95% CI [22.48, 21.15], d ¼
2.48, and stimulus, F(1,7) ¼ 35.89, P , 0.01, 95% CI [0.53, 1.23],
d ¼ 2.66, and, importantly, a significant context × stimulus inter-
action, F(1,7) ¼ 62.23, P , 0.001, 95% CI [21.54, 20.83]. The
source of the interaction was examined using contrasts which re-
vealed that rats froze less to CS1 than CS2 in the context, B, where
they had been counterconditioned and extinguished, respective-
ly, F(1,7) ¼ 17.94, P , 0.01, 95% CI [21.33, 20.38], d ¼ 1.56, but
froze more to CS1 than CS2 when tested in context C, where
CS3 and CS4 had been counterconditioned and extinguished, re-
spectively, F(1,7) ¼ 51.27, P , 0.001, 95% CI [1.59, 3.15], d ¼ 3.68.
These results show that the counterconditioned CS elicited less
fear than the extinction CS in their training context but elicited
more fear than the extinguished CS outside that context.

This experiment has replicated the previous findings that a
counterconditioned CS elicits more freezing than an extinguished
CS when each are tested outside their training context. In contrast
to the previous experiments where the CSs were moved from their
training context to the fear conditioning context (ABA), here the
training and test contexts differed only with respect to the specific
counterconditioned and extinguished CSs presented in those
contexts (ABC). The fact that the counterconditioned CS under-
went greater renewal than the extinguished CS when the training
and test contexts (B and C, respectively) were matched for their as-
sociative history shows that, while both CSs were sensitive to con-
text shift, the counterconditioned CS was more sensitive than the
extinguished CS to any shift.

Experiment 4
The previous experiments have shown that a context shift be-
tween training and test is more effective in renewing countercon-
ditioned than extinguished freezing, and that this difference
is also observed when the training and test contexts are equated
in terms of their associative history. In each experiment, the
counterconditioned or extinguished CSs were tested under equiv-
alent circumstances, i.e., in the absence of any US presentations.
However, these equivalent circumstances may have differentially
affected the two CSs: e.g., in the case of the counterconditioned
CS, the absence of expected sucrose may have generated an aver-
sive state of frustration, resulting in potentiated expression of
any residual association between that CS and shock, and there-
fore, greater restoration of freezing to this CS than the extin-
guished CS.

The present experiment addressed this issue using a within-
subject design in which extinguished and counterconditioned
CSs were both tested in the absence of expected sucrose (see

Figure 3. Experiment 3. (Left panel) Mean levels of freezing and time spent in magazine across blocks of four trials during stage 2 training in context B.
(Middle panel) Mean levels of freezing and time spent in magazine across blocks of four trials during stage 2 training in context C. (Right panel) Mean levels
of freezing across blocks of two trials on test in context B or C. The error bars in each panel show two standard errors of the difference between the mean
levels of responding (freezing or time in magazine) to the CSs (Loftus and Masson 1994).
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Table 1). In stage 1, four CSs, two auditory, CS1 and CS3, and two
visual, CS2 and CS4, were each paired with footshock in context
A. In stage 2, CS1 and CS2 were counterconditioned and extin-
guished, respectively, in context B; while CS3 and CS4 were coun-
terconditioned and extinguished, respectively, in context
C. Finally, in stage 3, rats were tested under conditions of extinc-
tion with two compounds, one composed of CS1 and CS4 and the
other of CS2 and CS3, in contexts B and C. Each compound thus
contained one counterconditioned (CS1 and CS3) and one extin-
guished CS (CS2 and CS4) and each compound was tested in the
absence of any other events. If the difference in responding to
counterconditioned and extinguished CSs observed in the previ-
ous experiments was due to the fact that the counterconditioned
CS (but not extinguished CS) was tested in the absence of expected
sucrose, each of the test compounds in the present experiment
should evoke equivalent levels of performance in each context:
each compound contains a CS that had been paired with sucrose
(CS1 and CS3), and therefore, each of the target CSs, CS1 and CS2,
is tested in the absence of expected sucrose. If, however, the differ-
ence in responding to counterconditioned and extinguished CSs
in the previous experiments arose as a consequence of the context
shift, the test compounds in the present experiment should evoke
different levels of performance in each context. This is because the
relation between the counterconditioned and extinguished ele-
ments of each compound and the context remain either the
same or different from training to test: the counterconditioned el-
ement (CS1) of the CS1CS4 compound was trained in context B
whereas the extinguished element (CS4) was trained in context
C; the counterconditioned element (CS3) of the CS2CS3 com-
pound was trained in context C, whereas the extinguished ele-
ment (CS2) was trained in context B. If the counterconditioned
element of each compound undergoes more renewal when tested
outside its training context, then freezing should be greater when
the CS1CS4 compound is tested in context C than in context B,
and freezing should also be greater when the CS2CS3 compound
is tested in context B than in context C.

Fear conditioning of the four CSs in context A proceeded
without incident. Figure 4 shows the levels of freezing and time
spent in magazine across presentations of CS1 and CS2 in context
B (left panel) and CS3 and CS4 in context C (middle panel). In
each context, freezing to the CSs declined across blocks of trials,
F(1,7) ¼ 590.56, P , 0.001, 95% CI [25.10, 24.19], d ¼ 11.44.
Overall, the counterconditioned CSs, CS1 and CS3, evoked less
freezing than the extinguished CSs, CS2 and CS4, F(1,7) ¼

108.26, P , 0.001, 95% CI [21.69, 21.06], d ¼ 3.85. There was
no significant difference in the overall level of freezing in contexts
B and C, F , 3.9, and the two- and three-way interactions between
the factors of context, stimulus and block were not significant,
Fs , 1.3. Conversely, time in the magazine increased across stage

2 training, F(1,7) ¼ 161.60, P , 0.001, 95% CI [22.65, 21.82], d ¼
4.09. This increase was selective to the CSs paired with sucrose,
CS1 in context B and CS3 in context C, as evidenced by a signifi-
cant stimulus × block interaction, F(1,7) ¼ 123.96, P , 0.001, 95%
CI [22.17, 21.41], d ¼ 7.80. Consequently, the overall level of
time in the magazine was greater for the CSs paired with sucrose,
CS1 and CS3, than for the CSs presented alone, CS2 and CS4,
F(1,7) ¼ 311.0, P , 0.001, 95% CI [23.44, 22.63], d ¼ 9.69.
There was no significant difference in overall time in magazine
in contexts B and C, F , 1, and the remaining two- and three-way
interactions between the factors of context, stimulus and block
were not significant, Fs , 1.4.

The right panel of Figure 4 shows the mean levels of freezing
to the CS1CS4 and CS2CS3 compounds during test sessions. The
pattern of freezing to the compounds differed in contexts B and
C. In each context, freezing was greater to the compound which
contained the CS that had been counterconditioned elsewhere
rather than the CS that had been extinguished elsewhere. In con-
text B, the compound, CS2CS3, containing the CS countercondi-
tioned in C, that is CS3, produced more freezing than the
compound, CS1CS4, containing the CS extinguished in C, that
is, CS4. Conversely, in context C, the compound, CS1CS4, con-
taining the CS counterconditioned in B, that is, CS1, produced
more freezing than the compound, CS2CS3, containing the CS
that had been extinguished in B, that is, CS2. These impressions
were confirmed statistically. The main effects of context and stim-
ulus were not significant, Fs , 1.1, however, there was a signifi-
cant interaction between these factors, F(1,7) ¼ 101.14, P ,

0.001, 95% CI [22.26, 21.40]. The source of this interaction
was examined using contrasts which revealed that CS1CS4 evoked
less freezing than CS2CS3 in context B, F(1,7) ¼ 211.79, P , 0.001,
95% CI [25.14, 23.71], d ¼ 6.11, and conversely, that CS1CS4
evoked more freezing than CS2CS3 in context C, F(1,7) ¼ 16.13,
P , 0.001, 95% CI [0.77, 2.96], d ¼ 1.86.

This experiment has replicated the finding that a counter-
conditioned CS exhibits more renewal than an extinguished CS,
confirmed that the effect persists when the training and test con-
texts are equated with respect to their associative history, and
shown that this effect is also present when counterconditioned
or extinguished CSs are tested in compounds matched for their as-
sociation with both shock and sucrose. These results thus demon-
strate that a counterconditioned CS is subject to greater renewal of
its original fear association than an extinguished CS.

Discussion

These experiments have shown that counterconditioning affords
less protection than extinction against renewal of fear by a

Figure 4. Experiment 4. (Left panel) Mean levels of freezing and time spent in magazine across blocks of four trials during stage 2 training in context B.
(Middle panel) Mean levels of freezing and time spent in magazine across blocks of four trials during stage 2 training in context C. (Right panel) Mean levels
of freezing across blocks of two trials on test in context B or C. The error bars in each panel show two standard errors of the difference between the mean
levels of responding (freezing or time in magazine) to the CSs (Loftus and Masson 1994).
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context shift. Experiment 1 used a between-subject ABA design
where two groups were exposed to CS–shock pairings in context
A, then one group received pairings of the CS and sucrose while
the other group was given CS alone presentations in context
B. The test in context A revealed that the CS elicited more freezing
in the counterconditioned than the extinguished group.
Experiment 2 used a within-subject ABA design in which two
CSs were each paired with shock in context A. Then one CS was
paired with sucrose and the other presented alone in context
B. The counterconditioned CS again elicited more freezing than
the extinguished CS when both were tested in context A, showing
that the difference in renewal observed in Experiment 1 was not
due to an increased discriminability between the sucrose associat-
ed B context and the shock associated A context.

Experiments 3 and 4 assessed whether the difference in re-
newal was specific to a shift from the context, B, where sucrose
had been presented, to the context, A, where shock had occurred.
They used within-subject ABC designs in which four CSs were
each paired with shock in context A. Then rats were exposed to
contexts B and C. In context B, one CS (CS1) was countercondi-
tioned with sucrose while a second CS (CS2) was extinguished;
in context C, a third CS (CS3) was counterconditioned with
sucrose while the fourth CS (CS4) was extinguished. Contexts B
and C were thus equated with respect to counterconditioning
and extinction, differing only in the specific CSs countercondi-
tioned or extinguished. Experiment 3 found that testing the CSs
outside the context where they had been counterconditioned or
extinguished renewed freezing responses and, critically, that a
CS counterconditioned in one context (e.g., CS1 in context B) elic-
ited more freezing than an extinguished CS (CS2 in context B)
when tested in context C. Experiment 4 tested compounds com-
posed of counterconditioned and extinguished elements where
one or other element of the compounds was context-shifted. It
found that the compound which contained a context-shifted
counterconditioned element elicited more renewal than the com-
pound which contained a context-shifted extinguished element,
confirming that counterconditioning affords less protection
than extinction against fear renewal by any context shift.

How does a context shift renew the fear responses that have
been eliminated by extinction or counterconditioning and why
is renewal greater after counterconditioning than extinction?
The various theories of extinction and renewal differ in their ca-
pacity to explain the present findings. At one end of the spectrum
are theories which hold that the error produced by the omission
of an expected shock results in inhibitory changes to a CS and
its initially neutral extinction context (as was the case in the pre-
sent study where a CS was conditioned in A and extinguished in
B; e.g., Rescorla and Wagner 1972). Critically, the inhibition ac-
crued to the context ensures some residual strength for the CS
at the end of extinction. As such, these theories anticipate ABA
renewal: the shift from extinction in B to test in A removes the
inhibitory influence of the context, and thus, permits expression
of the residual CS strength. However, they do not anticipate ABC
renewal where B and C are matched for their associative history:
the shift from B to C removes the inhibitory influence of the B
context, but the equivalent inhibition accrued to C should con-
tinue to mask expression of the residual CS strength. They also
fail to accommodate the finding of greater renewal to a counter-
conditioned than extinguished CS (independently of the type
of renewal): if anything, they predict that counterconditioning
should be more effective than extinction in producing associative
loss (due to the surprising presentation of unexpected sucrose),
and therefore, less effective than extinction in protecting a CS
from renewal.

Other theories that attribute extinction to associative loss
include additional features which enable them to accommodate

the present findings. For example, Rescorla (2008) has argued
that, during extinction, inhibition accrues to a unique configural
cue, X, which represents the conjunction of a CS in its extinction
context (see also Harris et al. 2000; Holmes and Westbrook 2013;
Holmes et al. 2014). Hence, presentation of an extinguished CS in-
side its extinction context yields low levels of performance, while
presentation of an extinguished CS in a different context, one
matched with the extinction context for its associative history, re-
moves the influence of inhibition accrued to X and renews perfor-
mance (in either ABA or ABC designs). This analysis implies that
the level of renewal is proportional to the amount of inhibition
accrued to X; and applied to the present findings, that counter-
conditioning produces proportionally greater inhibition to X
than does extinction. This might occur because, in countercondi-
tioning, X uniquely predicts the omission of expected shock and
occurrence of unexpected sucrose. Therefore, relative to extinc-
tion, X undergoes greater change in counterconditioning, and a
counterconditioned CS exhibits more renewal.

Other theories attribute extinction to both associative chan-
ge and discrimination between the past and present meaning of
the CS (Redish et al. 2007; Larrauri and Schmajuk 2008). Some
of these theories link each of these processes to surprise/error
(e.g., Redish et al. 2007): that is, a large error can produce large
amounts of change in extinction (erasure); but once some eviden-
tiary threshold is reached (i.e., once this discrimination is com-
plete), further associative change ceases to occur. However, the
effects of error on associative change and discrimination are at
least partly independent, meaning that a large error can yield rap-
id discrimination and very little associative change. Hence, across
a certain range of parameters, these models provide a reasonable
account of the present findings. During the initial training in
context B, the surprise engendered by the omission of expected
shock is magnified by the occurrence of the unexpected sucrose
in counterconditioning. This increase in surprise facilitates the
discrimination between past and present circumstances (i.e.,
state-splitting), resulting in more effective preservation of the as-
sociation formed in conditioning. Hence, relative to an extin-
guished CS, a counterconditioned CS exhibits greater renewal
with a context shift, and independently of the type of shift (i.e.,
ABA or ABC renewal).

Bouton’s (1993, 1994, 2002, 2004) retrieval interference
model provides an alternative account of renewal in all its various
forms and accommodates aspects of the present findings.
According to this model, the CS–shock association is encoded rel-
atively independently of the context in which it occurs, and
hence, transfers readily between contexts. In contrast, during
counterconditioning or extinction, ambiguity engendered by
the absence of the expected US increases attention to contextual
cues; and hence, the new learning that occurs (e.g., CS–sucrose
or CS–no US) is encoded with respect to these cues. As such, the
model anticipates renewal: a context shift undermines retrieval
of the context-dependent CS–sucrose or CS–no US association,
and therefore, its capacity to interfere with expression of the
context-independent CS–US association. However, in its present
form, it does not allow for variation in the strength of hierarchical
associations between the context and CS–sucrose or CS–no US
associations, and therefore, does not anticipate a difference in
renewal following counterconditioning or extinction. The model
could accommodate the finding of greater renewal to a counter-
conditioned CS if modified to allow the level of ambiguity
during counterconditioning or extinction to control the level of
attention to the context. As noted above, counterconditioning
and extinction are equivalent with respect to the absence of ex-
pected shock, but differ in that the former involves presentation
of unexpected sucrose. As such, the shift from conditioning to
counterconditioning engenders more ambiguity than the shift
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from conditioning to extinction, and this may provide the basis
for stronger contextual encoding (and therefore, greater context
specificity) of associations formed in counterconditioning; hence
greater renewal.

Three additional points are worth noting in relation to the
experiments in this study. First, the level of renewal following ex-
tinction was relatively low compared with other studies. This may
have been due to the fact that, prior to the first stage of fear con-
ditioning in context A, all rats were pretrained to drink sucrose in
context B (but not context A). Pretraining with sucrose in context
B may have resulted in less attention to the specific features of
context B (as rats spent a lot of time with their heads in the mag-
azine), and therefore, poorer discrimination between extinction
of the CS in context B and testing of the CS in a different context
(A or C): hence the relatively low levels of renewal following ex-
tinction. Second, an alternative explanation of the difference in
test responding between counterconditioning and extinction is
that the presence of paired sucrose in counterconditioning acts
as a retrieval cue for inhibition of the conditioned freezing re-
sponse. If true, then the difference between a counterconditioned
and extinguished CS should be observed when rats are tested in
any context, including the one in which stage 2 training occurred.
However, Experiment 3 showed that this is not the case: there was
no difference between the counterconditioned and extinguished
CSs when they were tested inside the context where they had
been subjected to counterconditioning or extinction, context
B. Hence, the difference in test responding between countercon-
ditioned and extinguished CSs requires a change in the physical
context between training in stage 2 and testing in stage 3.

Third, during stage 2 training in each experiment, con-
ditioned freezing responses declined more rapidly when the CS
was subjected to counterconditioning than extinction. Together
with the pattern of test results, this suggests that countercon-
ditioning is more effective than extinction in eliminating con-
ditioned fear responses, but less effective than extinction in
protecting against their renewal. According to the view that pro-
tection from renewal requires learned inhibition of fear responses
(Rescorla 2006; Leung et al. 2012; Holmes and Westbrook 2013), a
potential implication of this pattern of results is that, because
counterconditioning leads to a very rapid elimination of condi-
tioned fear responses (possibly through peripheral response inter-
actions which occur during acquisition of the new magazine entry
response), it reduces the opportunity for learned inhibition of
those fear responses. But here again, this explanation implies
that a counterconditioned CS should evoke more freezing than
an extinguished CS when testing occurs inside the context of
stage 2 training, B. This was not observed in Experiment 3.

The finding that a counterconditioned CS exhibits more re-
newal than an extinguished CS appears to conflict with a recent
report that an aversive CS paired with a novel stimulus exhibits
less spontaneous recovery than an aversive CS presented alone
in extinction (Dunsmoor et al. 2015). However, these two studies
differed with respect to the context in which testing occurred: rats
were tested outside the context of stage 2 training in the present
study, and inside the context of stage 2 training in the study by
Dunsmoor et al. This pattern of findings suggests that the context
shift between training in stage 2 and testing in stage 3 is indeed
germane to the results obtained in the present study. It remains
to be determined whether a counterconditioned CS exhibits
more or less spontaneous recovery than an extinguished CS,
and conversely, whether a CS paired with a novel stimulus in ex-
tinction exhibits more or less renewal than a CS presented alone
in extinction.

Finally, the present findings have implications for the treat-
ment of anxiety disorders like post-traumatic stress. A component
of this treatment is cue exposure, which involves patients, aided

by the clinician, learning to inhibit their fear in the presence of
cues that provoke that fear. It has previously been suggested
that treatment efficacy (i.e., resistance to relapse) is undermined
by the presence of safety signals across the course of cue exposure,
as experience of fear is necessary for learned fear inhibition (see
Lovibond et al. 2000, 2009). The present findings suggest that
treatment efficacy may also be reduced when a patient’s responses
in cue exposure are explicitly rewarded, as fear inhibition under
these circumstances may exhibit greater specificity to the cue ex-
posure context.

Materials and Methods

Subjects
Subjects were experimentally naı̈ve adult male Sprague Dawley
rats (Rattus norvegicus), weighing between 380 and 430 g at the be-
ginning of the experiment. They were obtained from a commer-
cial supplier (Animal Research Centre) and housed in opaque
plastic boxes (22 cm height × 67 cm length × 40 cm width).
There were eight rats per box. The boxes were kept in an air-
conditioned colony room maintained on a 12:12 light–dark cycle
(lights on at 7:00 a.m.). Chow was freely available in the home
cage. Access to water was reduced to 2 h per d 7 d prior to the be-
ginning of the experiment and this schedule was maintained
throughout the experiment. Access to water occurred after the fi-
nal session each day. This schedule maintained rats at �90% of
their free-feeding weights. Each rat was handled for 2–3 min
each day for 4 d prior to the start of the experiment. All experi-
mental procedures occurred during the light phase (between
9 a.m. and 7 p.m.). The procedures used were consistent with
the ethical guidelines established by the American Psychological
Association and were approved by the Animal Care and Ethics
Committee of the University of New South Wales.

Apparatus
Experiments 1 and 2 were conducted in two sets of four chambers.
Each chamber of one set, designated A, measured 33 cm
(height) × 31 cm (length) × 26 cm (width). The chambers were lo-
cated in separate compartments of a wooden cabinet whose floor,
walls and ceiling were painted white. The sidewalls and ceiling of
the chambers were made of aluminum and the back and front
walls were made of clear plastic. The floor consisted of stainless
steel rods, 2 mm in diameter, spaced 10 mm apart, (center to cen-
ter). A tray below the floor contained bedding material. A speaker,
mounted on the back wall of each cabinet, was used for the pre-
sentation of a 30-sec auditory stimulus (either a 1000-Hz tone or
white noise). Each stimulus measured 75 dB (A scale) against a
background noise of �60 dB measured by a digital sound level
meter (Dick Smith Electronics). A constant-current shock genera-
tor, which delivered unscrambled AC 50 Hz to the grid floor of
the conditioning chamber, was used for the presentation of a
0.35 mA, 0.5-sec footshock.

The second set of chambers, designated B, was located in a
separate room in the laboratory. Each of the four chambers of
this set measured 30 cm (height) × 27 cm (length) × 30 cm
(width). The front and rear walls of these chambers, as well as
the hinged lid, were made of clear plastic, and the side walls
were made of aluminum. The floor of each chamber consisted of
stainless steel rods, 5 mm in diameter, spaced 10 mm apart, (cen-
ter to center), with a tray below containing bedding material. Each
chamber was located in separate compartments of a wooden cab-
inet which was identical to that described above. The speaker that
delivered the auditory stimuli was located on the side wall of the
cabinets. Each stimulus measured 75 dB against a background
noise of 60 dB. Pumps delivered an 8% sucrose solution into a re-
cessed magazine on the right wall of the chamber. The pumps
were located above each chamber and connected to spouts at
the rear of the magazine via polyethylene tubing.

In both sets of chambers, a camera mounted on the back wall
of each cabinet recorded the behavior of each rat. The camera was
connected to a monitor and DVD recorder in another room of the
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laboratory. An infrared light source illuminated each chamber
(940+25 nm). All stimulus presentations were controlled by ap-
propriate software (MatLab, MathWorks).

Experiments 3 and 4 were conducted in a single set of four
conditioning chambers. Each of the chambers measured 30 cm
(height) × 27 cm (length) × 30 cm (width). The chambers were lo-
cated in separate compartments of a wooden cabinet whose floor,
walls and ceiling were painted black. The sidewalls and ceiling of
the chambers were made of aluminum and the back and front
walls were made of clear plastic. The front wall was hinged to per-
mit placement of the rat in the chamber. A tray below the floor
contained bedding material. A speaker, mounted on the back
wall of each cabinet, was used for the presentation of a 30-sec
auditory stimulus (either a 1000-Hz tone or white noise). Each
stimulus measured 75 dB (A scale) against a background noise of
�60 dB measured by a digital sound level meter (Dick Smith
Electronics). The visual stimuli consisted in steady illumination
of key lights located on either side of a recessed magazine that
was positioned in the middle of the right end wall, and a flashing
house light located on the end wall opposite the magazine. A
constant-current shock generator, which delivered unscrambled
AC 50 Hz to the grid floor of the conditioning chamber, was
used for the presentation of a 0.35 mA, 0.5 sec footshock.
Pumps delivered an 8% sucrose solution into the magazine. The
pumps were located above each chamber and connected to spouts
at the rear of the magazine via polyethylene tubing.

This single set of chambers was manipulated to yield the
three experimental contexts, A, B, and C. In A, the floor consisted
of stainless steel rods, 5 mm in diameter, spaced 10 mm apart,
(center to center). In B and C, a Perspex sheet was inserted to cover
the stainless steel rods: this sheet was plain in one case and cov-
ered in sandpaper in the other. The physical identity of the mod-
ification used to generate contexts B and C, the auditory stimulus
designated CS1 or CS2, and the visual stimulus designated CS3 or
CS4, was fully counterbalanced.

In each chamber, a camera mounted on the back wall of each
cabinet recorded the behavior of each rat. The camera was con-
nected to a monitor and DVD recorder in another room of the lab-
oratory. An infrared light source illuminated each chamber
(940+25 nm). All stimulus presentations were controlled by ap-
propriate software (MedPC, MedAssociates).

Procedure

Experiment 1

On each of days 1 and 2, rats were exposed to contexts A and
B. Half the rats in each group were exposed to these contexts in
the order ABBA, while remaining rats were exposed in the order
BAAB. Each exposure lasted 20 min, and the interval between ex-
posures on the same day was at least 90 min. In A, rats were not
exposed to any scheduled events. In B, rats received 20 × 0.1 mL
presentations of an 8% sucrose solution. These presentations
were unsignaled and occurred according to a variable time
60-sec schedule. They were intended to encourage rats to ap-
proach and drink sucrose from the magazine. On day 3, rats re-
ceived four tone–shock pairings in A. The intertrial interval was
fixed at 3 min. The CS was presented for 30 sec and the US was de-
livered once, 5, 10, 20, or 25 sec after CS onset. Each of these CS
onset-shock intervals occurred across the four trials. The order
in which they occurred was randomized across rats. Each rat re-
mained in the context for 2 min after the final pairing.

On each of days 4–6, rats received a single session of training
in B. For rats in Group Counterconditioning (CC), this train-
ing consisted of eight tone–sucrose pairings. The interval be-
tween the pairings was 180 sec. On each trial, sucrose was
delivered once at a random time during the 30-sec CS presenta-
tion. For rats in Group Extinction (EXT), the training across
days 4–6 consisted in a single daily session in which there were
eight 30-sec tone presentations with a 180-sec intertrial interval
(CS onset to CS onset). There were no other scheduled events dur-
ing these sessions. On day 7, rats were tested with the tone in
A. Tone presentations began 2 min after placement in the context.

There were eight 30-sec tone presentations with a fixed intertrial
interval of 120 sec. There were no other scheduled events in this
session.

Experiment 2

On each of days 1 and 2, rats received twice daily exposures to each
of the experimental contexts, A and B, in the manner described
previously. On day 3, rats received four CS1–shock and four
CS2–shock pairings. The tone and white noise (described previ-
ously) were counterbalanced across the stimulus identities, CS1
and CS2. Half the rats were exposed to the trial sequence CS1–
CS2–CS2–CS1 (×2), while remaining rats were exposed to the re-
verse sequence CS2–CS1–CS1–CS2 (×2). The first trial occurred
after 2 min and the interval between subsequent trials was fixed
at 3 min. The CS duration was 30 sec and shock (0.35 mA × 0.5
sec) was delivered once during each CS presentation in the man-
ner described previously. The rats remained in the context for
2 min after the final CS presentation.

On each of days 4–6, rats received a single session of training
in context B, during which they were exposed to eight presenta-
tions of CS1 and eight presentations of CS2. Half the rats were
exposed to the trial sequence CS1–CS2–CS2–CS1 (×4) while re-
maining rats were exposed to the reverse sequence CS2–CS1–
CS1–CS2 (×4). The first trial occurred after 2 min and the interval
between each CS presentation (offset to onset) was 150 sec. Each
CS presentation lasted 30 sec. During each presentation of CS1,
0.1 mL of sucrose was delivered once in the manner described in
Experiment 1A. During each presentation of CS2, no events
were scheduled to occur. On day 7, rats were returned to context
A and tested with CS1 and CS2. After 2 min of context alone expo-
sure, rats were exposed to eight CS1 alone presentations and eight
CS2 alone presentations. Half the rats were exposed to the trial
sequence CS1–CS2–CS2–CS1 (×4) while remaining rats were
exposed to the reverse sequence CS2–CS1–CS1–CS2 (×4). Each
CS presentation lasted 30 sec and the interval between presenta-
tions was fixed at 180 sec.

Experiment 3

On each of days 1 and 2, rats received twice daily 20 min exposures
to contexts A, B, and C. The physical identity of the context des-
ignated B or C was fully counterbalanced. In each of the sessions
in contexts B and C, rats were exposed to 20 unsignaled presenta-
tions of a 0.1 mL sucrose solution (8%) according to a variable
time 60-sec schedule. On day 3, rats received fear conditioning
to four CSs in context A. There were four pairings of each CS,
CS1, CS2, CS3, and CS4, and footshock. These 16 trials occurred
in a pseudorandom order with the constraint that no more
than two pairings of a given CS and footshock could occur in
succession. The first trial occurred 2 min after placement in the
context and the interval between subsequent trials was fixed at
3 min. On each trial, the CS was presented for 30 sec and the
0.35 mA, 0.5-sec US was delivered once during the CS according
to the variable time 30-sec schedule described previously.
Each rat remained in the context for 2 min after the final condi-
tioning trial.

On each of days 4–7, rats received alternating exposures to
contexts B and C. In context B, rats were exposed to eight presen-
tations of CS1 and eight of CS2. Half the rats were exposed to the
trial sequence CS1–CS2–CS2–CS1 (×4) while remaining rats
were exposed to the reverse sequence CS2–CS1–CS1–CS2 (×4).
In context C, rats were exposed to eight presentations of CS3
and eight of CS4. Half the rats were exposed to the trial sequence
CS3–CS4–CS4–CS3 (×4) while remaining rats were exposed to
the reverse sequence CS4–CS3–CS3–CS4 (×4). In each session,
the first trial occurred after 2 min and the interval between each
CS presentation (offset to onset) was 150 sec. Each CS presentation
lasted 30 sec. During each presentation of CS1 in B and of CS3 in
C, sucrose (0.1 mL) was delivered once on the variable time 30-sec
schedule described previously. During each presentation of CS2 in
B and CS4 in C, no events were scheduled to occur.
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On days 8 and 9, rats were tested with CS1 and CS2 in con-
texts B and context C under conditions of extinction. The order
in which rats were tested in context B and context C was counter-
balanced. Each session commenced with a 2-min stimulus free pe-
riod. Rats then received eight presentations of CS1 and eight of
CS2. Half the rats were exposed to the trial sequence CS1–CS2–
CS2–CS1 (×4) while the remaining rats were exposed to the re-
verse sequence CS2–CS1–CS1–CS2 (×4). Each CS presentation
lasted 30 sec and the interval between presentations was fixed at
120 sec.

Experiment 4

The details for context preexposure, magazine training, fear con-
ditioning, counterconditioning, and extinction were the same as
those described in Experiment 3. On days 1 and 2, rats received
daily exposures to contexts A, B, and C. The physical identity
of the context designated B or C was fully counterbalanced. In
each of the sessions in contexts B and C, rats were exposed to
20 unsignaled presentations of a 0.1 mL sucrose solution (8%) ac-
cording to a variable time 60-sec schedule. On day 3, rats received
fear conditioning to four CSs, CS1, CS2, CS3, and CS4, in context
A. The physical identity of the auditory stimulus designated CS1
or CS2, and the visual stimulus designated CS3 or CS4, was fully
counterbalanced. On each of days 4–7, rats received alternating
exposures to contexts B and C. In context B, rats were exposed
to eight presentations of CS1 and eight of CS2; in context C,
they were exposed to eight presentations of CS3 and eight of
CS4. The timing, duration, and order of stimulus presentations
were the same as those used in Experiment 3. During each presen-
tation of CS1 in B and of CS3 in C, sucrose (0.1 mL) was delivered
once on the variable time 30-sec schedule described previously.
During each presentation of CS2 in B and CS4 in C, no events
were scheduled to occur.

On days 8 and 9 rats were tested with two compounds, one
composed of CS1 and CS4 and the other containing CS2 and
CS3, in contexts B and C under conditions of extinction. The or-
der in which rats were tested in context B and context C was coun-
terbalanced. Each test session commenced with a 2-min stimulus
free period. Rats then received eight presentations of CS1CS4 and
eight of CS2CS3. Half the rats were exposed to the trial sequence
CS1CS4–CS2CS3–CS2CS3–CS1CS4 (×4) while the remaining
rats were exposed to the reverse sequence CS2CS3–CS1CS4–
CS1CS4–CS2CS3 (×4). Each compound presentation lasted
30 sec and the interval between presentations was fixed at 120 sec.

Scoring and statistics
Each session of stage 2 (counterconditioning and extinction) and
the test session were recorded to DVD and the behavior of each rat
was scored using a time-sampling procedure. Each rat was ob-
served every 2 sec during pre-CS and CS periods and scored as ei-
ther freezing or not freezing where freezing was the absence of all
movements apart from those required for breathing (Fanselow
1980). During Stage 2, each rat was also scored every 2 sec during
pre-CS and CS periods for magazine entries, specifically, whether
its head was in or out of the magazine. Freezing and magazine
entries were scored independently. Therefore, if a rat was freezing
with its head in the magazine both behaviors were scored, though
samples in which this occurred were rare. In general, rats that
were freezing were not in the magazine and vice versa. An ob-
server, naı̈ve to the purposes of each experiment, also scored all
test data and a proportion of the data from training in stage 2.
Separate measures of interrater reliability were obtained for freez-
ing and magazine entry data by correlating the two sets of scores
(experimenter’s and naı̈ve observer’s) for training in stage 2 and
testing in stage 3. Interrater reliability for freezing and magazine
entry data was high across all experiments, r . 0.90. Freezing
and magazine entries were analyzed separately. These data were
analyzed with a contrast testing procedure with a ¼ 0.05 (Hays
1963). Confidence intervals (95% for the mean difference, stan-
dardized using the sample standard deviation) and effect size
(Cohen’s d) are reported for each significant comparison.

N.B. In Experiment 1, a recording failure resulted in the
loss of data for eight rats across stage 2 training in context
B. Therefore, the degrees of freedom for analyses of the remaining
data from this stage of training were 1 and 6, yielding an F critical
of 5.99.
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