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Abstract Recent evidence from this laboratory suggests that a context switch after operant learning consistently results in a
decrement in responding. One way to reduce this decrement is to train the response in multiple contexts. One interpretation of this
result, rooted in stimulus sampling theory, is that conditioning of a greater number of common stimulus elements arising from
more contexts causes better generalization to new contexts. An alternative explanation is that each change of context causes more
effortful retrieval, and practice involving effortful retrieval results in learning that is better able to transfer to new situations. The
current experiments were designed to differentiate between these two explanations for the first time in an animal learning and
memory task. Experiment 1 demonstrated that the detrimental impact of a context change on an instrumental nose-poking
response can be reduced by training the response in multiple contexts. Experiment 2 then found that a training procedure which
inserted extended retention intervals between successive training sessions did not reduce the detrimental impact of a final context
change. This occurred even though the inserted retention intervals had a detrimental impact on responding (and, thus, presumably
retrieval) similar to the effect that context switches had in Experiment 1. Together, the results suggest that effortful retrieval
practice may not be sufficient to reduce the negative impact of a context change on instrumental behavior. A common elements
explanation which supposes that physical and temporal contextual cues do not overlap may account for the findings more readily.
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Recent evidence suggests that operant behavior is highly
dependent on the context (i.e., the physical environment
where learning takes place, differing in tactile, visual, and
olfactory properties) in which it is learned. For example,
Bouton, Todd, Vurbic, and Winterbauer (2011) found that
rats reinforced for lever pressing in Context A and then
extinguished in Context B responded less in extinction
than animals whose responding was extinguished in
Context A. This context-change effect is a general phe-
nomenon that occurs after training with both free-operant
(Bouton et al., 2011; Trask, Shipman, Green, & Bouton,
2017) and discriminated-operant (Bouton, Todd, & León,
2014; Thrailkill, Trott, Zerr, & Bouton, 2016) procedures,

using either ratio and interval schedules of reinforcement,
and after minimal or extended training (Thrailkill &
Bouton, 2015). Similar results have been shown in delay
matching-to-sample tests in humans (Dibbets, Maes, &
Vossen, 2002). The results suggest the context is an im-
portant part of the associative structure that underlies in-
strumental learning (Bouton & Todd, 2014; Gámez, León,
& Rosas, 2017; Thrailkill & Bouton, 2015; Trask &
Bouton, 2014).

Developing methods that encourage instrumental behavior
to transfer across contexts would have positive implications
for therapies that encourage development of new behaviors.
As just one example, in functional communication training,
children with behavioral problems are reinforced for
exhibiting prosocial behaviors and not reinforced for disrup-
tive behaviors (e.g., Sprague & Horner, 1992). Finding ways
to encourage better transfer of prosocial behavior to novel
situations might improve the effectiveness of the treatment.

Todd, Winterbauer, and Bouton (2012) hypothesized that
instrumental training in multiple contexts should encourage
generalization between contexts by conditioningmore contex-
tual elements (the specific sensory cues that comprise the
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context), increasing the odds of encountering those or similar
elements in a new context. The idea has roots in Estes’s
stimulus-sampling theory (Estes, 1955a, 1955b). They tested
it using an ABC renewal paradigm, in which responding is
acquired in one context (A), then extinguished in a second
context (B). Responding then returns (or Brenews^) when
tested in a novel Context C. This effect likely depends (in part)
on transfer of responding learned in Context A to Context C.
In their experiment, before extinction in Context B, lever-
pressing was reinforced in either one context (A) or two con-
texts (A and D). Following extinction, animals were tested in
both the extinction context and a new context (C). While both
groups showed ABC renewal, it was larger in animals that
received acquisition training in two contexts, suggesting they
showed better excitatory generalization to novel contexts.
Further, rats that had received training in two contexts showed
better transfer to the extinction context than those that had
received acquisition training in only one context.

Contextual control of instrumental responding parallels re-
search on human memory demonstrating that recall of word
lists or pairings can also be impaired by context change (e.g.,
Godden & Baddeley, 1975; Smith, 1979; Smith, Glenburg, &
Bjork, 1978; Smith & Vela, 2001). Moreover, human recall
can also improve with practice that involves training in vari-
able environments (Smith et al., 1978). Recently, Smith and
Handy (2014) had participants learn several face–name pairs
where each pairing was superimposed on a unique Bvideo
context^ (moving scenery behind the image of the face and
name during initial study). During subsequent retrieval prac-
tice trials, participants saw each face and wrote down the
associated name. The face was always superimposed on the
original context or was always presented on a new context.
Initially, the context changes impaired performance:
Participants in the varied condition showed worse name recall
when shown the face throughout acquisition than participants
who retrieved the name in the same context. However, when
both groups were tested for recall of the name given the face in
a new context, recall was higher if practiced in the varied
condition. Further research showed that actively recalling the
name given the face after context change, rather than simply
being given the face–name pairing again (where no retrieval is
needed), was necessary for this effect to occur. Thus, difficult
retrieval of the item was needed in order to improve transfer,
and experience with more contextual elements was not suffi-
cient. The authors suggested conditions that created more dif-
ficulty learning improved transfer to new situations.

The results were said to be consistent with the Bnew theory
of disuse^ (Bjork & Bjork, 1992), which suggests memory
strength is determined by two independent processes: retrieval
strength (how easily accessible the memory is) and storage
strength (how well the item is represented in long-term memo-
ry). When a learned item is retrieved, its storage strength in-
creases. Retrieval strength is dictated primarily by the match

between the cues currently present and the cues during the
original learning, but it is also higher if an item was recently
recalled. The greater the mismatch between the cues, the weak-
er retrieval strength will be. Items are thus more difficult to
recall in a shifted context rather than in the context where the
item was originally learned. However, the act of retrieval in a
shifted context (where cues present during encoding are less
available) leads to a greater increase in storage strength than
retrieval in the acquisition context (where retrieval strength is
high and the item is easily accessible). Smith and Handy (2014)
argued that effortful recall after context changes increased stor-
age strength for those items, effectively Bdecontextualizing^
the information (see also Smith & Handy, 2016).

Perhaps effortful retrievals during training likewise en-
hanced transfer across contexts in Todd et al.’s (2012) instru-
mental learning experiments. The present research therefore
aimed to test this possibility. In Experiment 1, operant
responding was tested in a relatively novel context following
acquisition in multiple contexts or in one context. In
Experiment 2, operant responding was analogously tested in
a relatively novel context following training that involved ei-
ther long (14-day) or short (1-day) retention intervals inserted
between training sessions. We hypothesized that any training
procedure requiring more effortful retrievals might produce
operant behavior that would transfer better to new situations.

Experiment 1

Experiment 1 tested the hypothesis that training in multiple
contexts will result in responding that transfers better to a
novel context than equivalent training in one context, similar
to Todd et al. (2012). However, the current experiment
assessed responding following training in three contexts (rath-
er than two) and used a different operant response, namely, a
nose-poke response that required the rat to merely place its
snout into a divot or depression in the chamber wall. Nose
poking might depend less on idiosyncratic position and pos-
tural adjustments necessary to apply the right leverage to a
lever, which is one possible explanation for the context-
change effect in other responses (but see Bouton et al.,
2014). Further, all animals were tested in both familiar and
relatively novel contexts. Two groups of rats received six daily
sessions in which nose poking produced a food-pellet reward.
For Group Constant, these sessions occurred in the same con-
text, Context A. But for Group Varied, the first two sessions
were in Context A, the second two were in Context B, and the
final two were in Context C. Responding was then tested (in
extinction) in the most recently reinforced context and in a
new context, D. We predicted reduced responding in Group
Varied relative to Group Constant after each context switch in
acquisition. But we also predicted better transfer of
responding (indicated by higher levels of responding) to
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Context D in Group Varied relative to animals that received
training in one context.

Method

Subjects

The subjects were 16 naïve femaleWistar rats purchased from
Charles River Laboratories (St. Constance, Quebec), 75 to 90
days old at the start of the experiment. They were individually
housed in suspended wire mesh cages and maintained on a
16:8-h light:dark cycle. Training sessions occurred during the
light phase. Rats were food deprived to 80% of their initial
weights throughout experimentation.

Apparatus

Four sets of four operant conditioning chambers, housed in
separate rooms of the laboratory, served as four contexts.
The chambers were fully counterbalanced, each serving
equally as Context A, B, C, or D. Each was in a sound-
attenuation chamber and was of the same model (Med
Associates model ENV-008-VP, St. Albans, VT). Boxes
are described in detail in Trask and Bouton (2016). The
nose-poke detector (2.5-cm diameter, 2-cm deep) was
6.3 cm above the floor directly to the right of the food
magazine. Entries into the nose-poke detector broke an
infrared beam and recorded a response.

Each set of boxes served as a distinct context. In one set,
the floor was made of stainless steel grids (0.48-cm diam-
eter) staggered so odd-numbered and even-numbered grids
were mounted in two separate planes, one 0.5 cm above the
other. A dish containing 5 ml of RiteAid lemon cleaner
(RiteAid Corporation, Harrisburg, PA) was placed outside
the chamber near the front wall. In the second set, one side
wall and the ceiling had black diagonal stripes, 3.8 cm
wide and 3.8 cm apart. The grids of the floor were mounted
on the same plane and were spaced 1.6 cm apart. Five ml of
Pine-Sol (Clorox Co., Oakland, CA) was placed in a dish
outside the chamber. The third set had a 1.5-cm vertical
gray stripe down the center of one side wall. The grids of
the floor were spaced 1.6 cm apart. Five ml of white vin-
egar (PriceChopper Inc., Schenectady, NY) was placed in a
dish outside the chamber. The fourth set had no adornment
of the side walls. The floor grids had different diameters
(0.5 cm and 1.3 cm, spaced 1.6 cm apart). One g of Vicks
VapoRub (Procter & Gamble, Cincinnati, OH) was placed
in a dish outside the chamber.

The reinforcer was a 45-mg grain-based rodent food pellet
(5-TUM:181156; TestDiet, Richmond, IN, USA). Chambers
were controlled by computer equipment in an adjacent room.

Procedure

Magazine training Rats received 30-min sessions of magazine
training in each context over the first 2 days of experimenta-
tion. On Day 1, half the animals in each group received ses-
sions in Contexts A and D (counterbalanced so half were first
in A, half in D) and half in Contexts B and C (counterbalanced
so half were first in B, half in C). On Day 2, the rats received
the opposite training. Daily sessions were separated by 1 hr. In
each, approximately 60 reinforcers were delivered on a ran-
dom time 30-s schedule. Nose-poke detectors were removed
from the chambers.

Acquisition Over each of the next 6 days, rats received one
session of instrumental training in which nose poking was
reinforced on a variable interval 30-s schedule. Sessions be-
gan with the first nose poke and ended after 60 reinforcers had
been earned (approximately 30 min). For Group Constant, all
sessions were in Context A. For Group Varied, sessions were
in Context A on the first 2 days, Context B on the next 2, and
Context C on the final 2 days of acquisition. No hand shaping
was necessary.

Test On the following day, all rats received two 5-min extinc-
tion tests. One test took place in Context D, where nose pok-
ing had not been trained in either group. The other test took
place in the last context in which responding had been rein-
forced for each group (A for Group Constant, C for Group
Varied). Testing order was counterbalanced, so half of the
animals in each group were tested first in the familiar context
and half were tested in the Context D. Food pellets were never
presented.

Data treatment Data were subjected to analysis of variance
(ANOVA), with a rejection criterion of p < .05. Partial eta
squared was calculated as a measure of effect size on signifi-
cant effects, and 95% confidence intervals (CIs) were calcu-
lated around the effect size.

Results and discussion

Throughout acquisition, animals in Group Constant gradually
increased responding throughout the sessions. While this was
also generally true of animals in Group Varied, on Day 3 (first
training session after a switch to Context B) and Day 5 (first
training session after a switch to Context C), animals showed a
decrease in responding at the beginning of the session relative
to the last session, even though responding was still rein-
forced. During the test, while both groups showed a signifi-
cant context change effect when tested in D relative to their
last reinforced context (A for Group Constant, C for Group
Varied), the effect was more pronounced in Group Constant.
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Acquisition

Mean responding in acquisition is summarized in Fig. 1a. A 2
(group) × 6 (session) ANOVA confirmed a main effect of
session, F(5, 70) = 71.69, MSE = 10.58, p < .001, ηp

2 = .84,
95% CI [.75, .87], and no main effect of group, F < 1, or
interaction, F(5, 70) = 1.82, p = .12. To isolate the immediate
impact of a context change on responding in Group Varied, we
focused on the first 10 minutes of responding after context
changes relative to the preceding session (see Fig. 1b). The
entire session mean was used to avoid any bias of higher rates
toward the end of sessions. A 2 (group) × 2 (session) ANOVA
assessed responding fromAcquisition 2 to the first 10 minutes

of Acquisition 3 (when Group Varied changed from A to B).
There was an interaction, F(1, 14) = 16.61, MSE = 2.04, p =
.001, ηp

2 = .54, 95% CI [.13, .73], but no effect of session or
group, Fs < 1. Follow-up comparisons indicated that Group
Varied decreased responding fromAcquisition 2 to the first 10
minutes of Acquisition 3, F(1, 14) = 8.60, p < .05, ηp

2 = .38,
95% CI [.02, .62]. In contrast, Group Constant increased its
responding, F(1, 14) = 8.01, p < .05, ηp

2 = .36, 95% CI [.02,
.61]. A similar 2 (group) × 2 (session) ANOVA on responding
fromAcquisition 4 to the first 10minutes of Acquisition 5 (see
Fig. 1b) found an effect of session, F(1, 14) = 25.23, MSE =
9.25, p < .001, ηp

2 = .64, 95% CI [.25, .79], an interaction,
F(1, 14) = 21.83, MSE = 9.25, p < .001, ηp

2 = .61, 95% CI
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Fig. 1 Results of Experiment 1. a Responding over sessions of
acquisition. b Effects of the physical context changes during acquisition
(group varied). Panels compare mean responding during each session that

preceded a context switch with mean responding during the first 10 min
of the session that followed the switch. cResponding during testing. Error
bars indicate standard error of the mean. Note changes in y axes
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[.20, .77], but no effect of group, F < 1. Follow-up compari-
sons found that Group Varied showed a decrease in
responding from Acquisition 4 to the first 10 minutes of
Acquisition 5, F(1, 14) = 47.00, p < .001, ηp

2 = .77, 95% CI
[.44, .86]. Group Constant did not, F < 1. Thus, context
switches during training temporarily impaired nose-poke per-
formance in Group Varied and are consistent with the idea that
difficult retrievals were involved.

Test

Test data are depicted in Fig. 1c. A 2 (group) × 2 (test: Context
A/C vs. D) ANOVA found a significant main effect of testing
context, F(1, 14) = 50.74, MSE = 7.35, p < .001, ηp

2 = .78,
95%CI [.46, .87], but nomain effect of group,F(1, 14) = 1.60,
p = .23. The Group × Session interaction, however, was sig-
nificant, F(1, 14) = 5.89,MSE = 7.35, p < .05, ηp

2 = .30, 95%
CI [.00, .56]. Follow-up comparisons revealed that both
Group Varied, F(1, 14) = 11.03, p < .01, ηp

2 = .44, 95% CI
[.06, .66], and Group Constant, F(1, 14) = 45.94, p < .001, ηp

2

= .77, 95% CI [.43, .86], showed reduced responding in
Context D. While there was no group difference during the
A/C test, F < 1, Group Varied responded significantly more
than Group Constant in Context D, F(1, 14) = 6.17, p < .05,
ηp

2 = .31, 95% CI [.00, .57]. When included as a factor in the
test ANOVA, the identities of the four physical contexts used
in the experiment did not interact with the other effects, largest
F = 3.87, p > .05.

The results clearly suggest that training of the nose-poke
response in multiple contexts temporarily hurt performance
after each context switch during training but in the long run
resulted in better transfer of responding to a new context than
did training in a single context.

Experiment 2

The passage of time and physical context change often have
parallel effects on learning (Bouton, 1993). For example,
latent inhibition (the finding in Pavlovian conditioning that
a preexposed stimulus is more difficult to condition than a
novel stimulus; e.g., Lubow & Moore, 1959) is attenuated
by inserting either a change of context or a retention interval
between the preexposure and conditioning phases (e.g.,
Rosas & Bouton, 1997, 1998). Similarly, extinction perfor-
mance is lost following a context change (renewal; Bouton
& Bolles, 1979; Bouton et al., 2011) or a retention interval
(spontaneous recovery; Pavlov, 1927; Shaham, Adamson,
Grocki, & Corrigall, 1997). Renewal and spontaneous re-
covery can both be reduced by presenting a retrieval cue
from the extinction session (Brooks & Bouton, 1993,
1994), supporting the view that both phenomena result from
failure to retrieve extinction.

Thus, there are grounds for thinking that inserting a reten-
tion interval between consecutive sessions of operant train-
ing—instead of changing the context, as in Experiment 1—
should impair retrieval during training. If the effortful-
retrieval-practice explanation of Experiment 1 is correct, then
performance impaired by retention intervals, like context
changes, should reduce the impact of a final context change
on behavior. Experiment 2 tested this idea using methods that
were otherwise identical to Experiment 1’s. Two groups re-
ceived six sessions of operant training before a test of
responding in the training context and a new context. For
Group Short-Interval, the acquisition sessions occurred on
consecutive days, that is, with 24-hr intervals between them.
For Group Long-Interval, a 14-day retention interval was
inserted between Sessions 2 and 3 and Sessions 4 and 5 (the
points in training where Group Varied had received context
switches in Experiment 1). The long retention intervals were
expected to make retrieval difficult, which should theoretical-
ly reduce the overall impact of the final context-change effect
at test.

Method

Subjects

The subjects were 24 naïve female Wistar rats, maintained as
in Experiment 1.

Apparatus

Because the identity of the four boxes that provided contexts
in Experiment 1 had no impact on performance (see above),
only the lemon-scented and pine-scented boxes described
above served as the two contexts. The same reinforcer was
used.

Magazine training On the first day, all rats received two 30-
min sessions of magazine training, one in each context,
counterbalanced so that half of the animals were first in A
and half in B. The sessions were separated by approximately
2 hrs. Events with the sessions were exactly as were those in
Experiment 1. Nose-poke detectors were not present.

AcquisitionRats then received six sessions of nose-poke train-
ing, one a day, as in Experiment 1. Group Short-Interval was
given all acquisition sessions on consecutive days. In Group
Long-Interval, acquisition was conducted on consecutive days
for Sessions 1 and 2, 3 and 4, and 5 and 6. However, a 14-day
retention interval was inserted between Sessions 2 and 3 and
acquisition Sessions 4 and 5. The start of acquisition was
staggered between groups so that they finished acquisition
on the same day. Thus, by the test, the two groups were the
same age, had equivalent food deprivation, and had received
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the same amount of handling overall. For all animals, acqui-
sition sessions took place in Context A.

Test On the following day, rats were given two 5-min extinc-
tion tests, one in Context A and one in Context B (order
counterbalanced).

Results and discussion

Both groups gradually increased responding over the ac-
quisition sessions. However, during Sessions 3 and 5 (the
sessions that followed the 14-day retention intervals for
Group Long-Interval), animals in Group Long-Interval,
but not Group Short-Interval, showed a decrease in
responding at the beginning of the session relative to
responding during the previous one. During the test, the
groups showed a similar decrease in responding when
switched from Context A to Context B.

Acquisition

Responding during acquisition is shown in Fig. 2a. A 2
(group) × 6 (session) ANOVA confirmed an effect of ses-
sion, F(5, 110) = 42.44, MSE = 12.55, p < .001, ηp

2 = .66,
95% CI [.54, .72], and an interaction, F(5, 110) = 2.46,
MSE = 12.55, p < .05, ηp

2 = .10, 95% CI [.00, .18], con-
sistent with the impairment caused by retention intervals in
Group Long-Interval. There was no effect of group, F < 1.
As before, we focused on responding during the first 10
mins of the sessions that followed the long retention inter-
vals (see Fig. 2b) in order to assess how a retention interval
immediately impacted reinforced performance. A 2 (group)
× 2 (session) ANOVA compared the mean responding from
Acquisition 2 to the first 10 minutes of Acquisition 3. This
revealed an interaction, F(1, 22) = 14.74, MSE = 3.67, p =
.001, ηp

2 = .40, 95% CI [.09, .61], but no effect of session,
F(1, 22) = 2.64, MSE = 3.67, p = .11, or group, F < 1.
Follow-up comparisons showed that Group Long-Interval
decreased across this time, F(1, 22) = 14.94, p = .001, ηp

2

= .40, 95% CI [.09, .61]. Group Short-Interval did not, F(1,
22) = 2.45, p > .05. A 2 (group) × 2 (session) ANOVA
assessed responding from Acquisition 4 to the first 10 mi-
nutes of Acquisition 5 also found an effect of session, F(1,
22) = 22.42, MSE = 5.67, p < .001, ηp

2 = .51, 95% CI [.18,
.68], an interaction, F(1, 22) = 18.99, MSE = 5.67, p <
.001, ηp

2 = .46, 95% CI [.14, .65], and no effect of group,
F < 1. Group Long-Interval again showed a decrease in
responding, F(1, 22) = 41.34, p < .001, ηp

2 = .65, 95%
CI [.36, .78]; Group Short-Interval did not, F < 1. These
results indicate that a 14-day retention interval impaired
performance when inserted during acquisition.

Test

The test results are depicted in Fig. 2c. A 2 (group) × 2 (test:
Context A vs. B) found a main effect of testing context, F(1,
22) = 56.62, MSE = 8.19, p < .001, ηp

2 = .72, 95% CI [.46,
.82], but no effect of group or interaction, Fs < 1. Follow-up
comparisons showed both Group Long-Interval, F(1, 22) =
24.93, p < .001, ηp

2 = .53, 95% CI [.21, .70], and Group
Short-Interval, F(1, 22) = 31.91, p < .001, ηp

2 = .59, 95% CI
[.28, .74], responded more in A than in B. There were no
differences between groups in either context, Fs < 1. Thus,
training with longer retention intervals between sessions did
not weaken the final context-change effect.

General discussion

The goal of the present experiments was to separate two ex-
planations of why operant training in multiple contexts can
decrease the response-attenuating effect of a final context
change: a view that emphasizes the positive effects of effortful
retrieval practice (e.g., the new theory of disuse) and a view
emphasizing generalization due to the conditioning of com-
mon elements. Both context change (Experiment 1) and long
retention intervals (Experiment 2) inserted between sessions
of operant training briefly impaired performance of the re-
sponse. This result is consistent with the view that both ma-
nipulations made retrieval difficult. However, despite this sim-
ilarity, only training in multiple contexts resulted in better
transfer of the response to a new context; training across lon-
ger retention intervals had no impact on the context-change
effect. Perhaps, contrary to the new theory of disuse as applied
by Smith and Handy (2014), conditions that increase retrieval
difficulty during learning do not necessarily improve retrieval
of the response in new conditions. The present results also
importantly expand the generality of the context specificity
of operant behavior to the nose-poke response.

The effect of training in variable contexts demonstrated in
Experiment 1 is analogous to results in Pavlovian fear extinc-
tion, which suggest that extinction in multiple contexts can
enhance the generalization of extinction to new contexts
(i.e., attenuate renewal) in both humans (Shiban, Pauli, &
Mühlberger, 2013; Vansteenwegen et al., 2007) and rats
(Gunther, Denniston, & Miller, 1998; Thomas, Vurbic, &
Novak, 2009; but see Bouton, García-Gutiérrez, Zilski, &
Moody, 2006). For example, in one experiment,
Vansteenwegen et al. (2007) found that exposure to a spider
video in individuals with arachnophobia in three contexts re-
duced renewal of fear (as measured by a skin conductance
response) in a novel context relative to equivalent exposure
to the spider video in a single context. Those results, like the
present ones, suggest that learned performance transfers better
to a new context if learning occurs in multiple contexts.
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Bjork and Bjork (1992) suggest that memory is dictated by
two processes: storage strength and retrieval strength. The
difference between these processes might be analogous to
the distinction between learning and performance, where stor-
age strength represents what is known and retrieval strength
represents how easily that item is recalled during a test. Items
can be high in storage strength but inaccessible due to low
retrieval strength. Each time a memory is retrieved, its storage
strength (and retrieval strength) increase. Retrieval strength,
however, is dictated by how well cues during retrieval match
those from acquisition and will be higher for recently recalled
items. The larger the mismatch between these cues, the
weaker the retrieval strength and more difficult retrieval will
be. A memory that is retrieved despite a more effortful

retrieval receives a greater increase in storage strength than
an easily retrieved memory. Smith and Handy (2014) sug-
gested that when recall is more difficult during training, stor-
age strength will increase. Increases in storage strength do not
necessarily correspond with increases in retrieval strength.
Instead, the act of effortful retrieval will result in an easier
retrieval of that item in the future, creating less dependence
on match between cues at encoding and retrieval. Without
alterations, the theory inaccurately predicts that training across
retention intervals results in performance that is more likely to
transfer across contexts.

The results may be handled, however, by other theories that
assume sampled contextual elements gain excitatory strength
during acquisition (e.g., Estes, 1955b). Conditioning in
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interval. c Responding during testing. Error bars indicate standard error
of the mean. Note changes in y axes
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multiple contexts would increase the number of contextual
elements that acquire excitatory strength, thereby increasing
the chance that a novel context might contain shared elements
that are already conditioned. Estes (1955a, 1955b) did not
distinguish between elements arising from the environment
versus the passage of time (the passage of time was assumed
to correlate with fluctuation of physical cues such as temper-
ature, humidity, and posture). However, it is not necessary to
assume that elements corresponding to features of the physical
context influence elements that might correspond to time. For
example, some theories of timing have assumed the presence
of a hypothetical cascading series of purely temporal stimuli
that might be called temporal elements (Bouton & Hendrix,
2011; Desmond & Moore, 1988; see Kehoe, Horne, Macrae,
& Horne, 1994, for one review). From this perspective, the
results of Experiment 2 suggest that temporal elements and
contextual elements might have little impact on one another
despite their parallel effects on behavior. While context chang-
es and retention intervals had similar effects on acquisition
performance in Experiments 1 and 2, only context changes
introduced during training reduced the negative impact of fi-
nal testing in a new context.

A second explanation is that operant performance might
rely on something analogous to transfer-appropriate process-
ing in humans (Morris, Bransford, & Franks, 1977). That is,
test performance is improved when cognitive operations used
during encoding resemble those that are required during test-
ing. The context switches during acquisition in Experiment 1
matched the final test context switch, but the retention inter-
vals manipulated in Experiment 2 did not. A transfer-
appropriate processing account predicts the current results
and suggests that the retention interval manipulation of
Experiment 2 would be effective if testing occurred following
a retention interval.

Yet another explanation might not invokememory process-
es per se. In the operant situation, physical context change
might disrupt the animal’s ability to perform a response that
was specifically adapted to the environment in which it was
learned. An animal trained in multiple contexts might con-
trastingly develop a form of responding that is less disrupted
by context change. However, the easy nose-poke response
(snout placement within a divot in the wall) studied here
would seem to be less vulnerable to such a performance pro-
cess than a response, like lever pressing, which might depend
on more subtle aspects of the animal’s position with respect to
the lever and leverage. A long tradition in animal learning
theory has also argued that context change affects in animal
learning tasks mirror those studied in human memory (e.g.,
Millin & Riccio, 2004; Spear, 1978). That perspective is sup-
ported by studies that show retrieval cues can weaken or re-
duce the detrimental impact of a context change on perfor-
mance. For example, Gordon, McCracken, Dess-Beech, and
Mowrer (1981) demonstrated that the detrimental impact of a

context change on passive avoidance performance can be al-
leviated by providing a cue associated with acquisition (expo-
sure to a Bcueing box^ identical to the start chamber in a
passive-avoidance chamber). Further, the renewal effect can
be reduced by presenting a cue associated with extinction at
the time of testing (Brooks & Bouton, 1994). Thus, context
change effects in animal learning experiments can often be
attributed to memory retrieval deficits.

Like human memory, operant performance in rats can be
context-dependent, and the present results further extend the
parallel between what we know about memory and operant
behavior. They also confirm that both memory and operant
behavior can become less context dependent if training is
given in multiple situations. However, in the present studies,
this Bdecontextualization^ of performance seemed limited to
physical context changes during training. We have suggested
that this result might imply that difficult retrievals are not
sufficient to make an instrumental behavior context free.
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