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One of the fundamentalgoals of learning theoryhas been
to characterize the contents of learning. Studies directed
toward an analysis of the contents of Pavlovian learning
point to the conclusion that a conditioned stimulus (CS)
forms an association with stimulus-specific aspects of the
unconditionedstimulus (US) or outcome. Evidence favor-
ing this view has come from a growing list of experiments
designed to look for outcome-selective effects of US de-
valuation (e.g., Colwill & Motzkin, 1994; Delamater &
LoLordo, 1991), intertrial reinforcement (e.g., Delamater,
1995), blocking (e.g., Betts, Brandon, & Wagner, 1996;
Rescorla, 1999), reinstatement (Delamater, 1997), spon-
taneous recovery (Rescorla, 1997), stimulus compound
summation (Watt & Honey, 1997), and Pavlovian-to-
instrumental transfer of control (e.g., Colwill & Rescorla,
1988;Delamater, 1996; Kruse, Overmier, Konz, & Rokke,
1983). In the transfer-of-control test, for example, a CS

has been shown to exert greater control over an (indepen-
dently trained) instrumental response when the CS and the
instrumental response were associated previouslywith the
same, as opposedto different, outcomes.This selectivecon-
trol appears to demand that stimulus-specificaspects of the
US are associated both with the CS and with the instru-
mental response.

Most of the studies in which outcome-specific effects
in Pavlovian conditioning have been examined have ex-
plored the contents of learning that result from forward
conditioning procedures, where the CS precedes the US
on a given conditioning trial. However, recently, a consid-
erable amount of interest has been directed to the study of
backward Pavlovian conditioning,where the US precedes
the CS (e.g., Cole & Miller, 1999; McNish, Betts, Bran-
don, & Wagner, 1997; Romaniuk & Williams, 2000;Silva
& Timberlake, 2000; Silva, Timberlake, & Cevik, 1998;
Williams & Hurlburt, 2000). Learning, in this situation,
has been described from very different theoretical orien-
tations as being excitatory, inhibitory, or both excitatory
and inhibitory. However, the issue of the contents of such
learning has not been assessed thoroughly. Some theoret-
ical approaches to conditioning are explicit in asserting
that backward conditioning can be sensory specific in its
content.
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In the present experiments, the outcome specificityof learning was explored in an appetitive Pavlov-
ian backward conditioning procedure with rats. The rats initially were administered Pavlovian back-
ward training with two qualitatively different unconditioned stimulus conditioned-stimulus (US–CS)
pairs of stimuli (e.g., pellet ® noise or sucrose ® light), and then the effects of this training were as-
sessed in Pavlovian-to-instrumental transfer (Experiment 1) and retardation-of-learning (Experi-
ment 2) tests. In the transfer test, it was shown that during the last 10-sec interval, the CSs selectively
reduced the rate of the instrumental responses with which they shared a US, relative to the instru-
mental responses with which they did not share a US. The opposite result was obtained when the USs
(in the absence of the CSs) were presented noncontingently. In the retardation test, conditioned mag-
azine approach, responding to the CSs was acquired more slowly when the stimulus–outcome combi-
nations in the backward and the forward conditioning phases were the same, as compared with when
they were reversed.These results are collectively in accord with the view that Pavlovian backward con-
ditioning can result in the formation of outcome-specific inhibitory associations. Alternative views of
backward conditioning are also examined.
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The AESOP model of Wagner and Brandon (1989), for
example, gives rise to the expectation that under the right
conditions, sensory-specific excitatory or inhibitory as-
sociations can be formed. This follows from the model’s
event-processing and learning rule assumptions. In par-
ticular, the model asserts that US presentation causes sen-
sory and motivational representations of the US to be
processed initially in their own primary activation states
(A1), before these representations decay into their respec-
tive secondary activationstates (A2) and, ultimately, to their
inactive states. Excitatory associationsare acquired in this
model whenever the CS and the US are concurrently
processed in their A1 states. Inhibitory associations are
assumed to develop whenever there is concurrent pro-
cessing of the CS in its A1 state and the US in its A2 state.
Thus, if the sensory representation of the US is processed
predominantly in its A1 state at the time the CS is pre-
sented (e.g., in a backward procedure), sensory-specific
excitatoryassociationsshould develop.On the other hand,
if processing of the sensory representation of the US oc-
curs predominantly in the A2 state when the CS is pre-
sented, sensory-specific inhibitory associations should
develop.

Prior research on backward conditioning has not fo-
cused on the possibility of sensory-specific learning. In-
stead, such research has been concerned with a different
aspect of the model—namely, its prediction that with
some US–CS intervals, the CS may simultaneously de-
velop excitatory and inhibitory associations with the US.
Although it seems reasonably clear from prior research
that a backward CS can simultaneously acquire both ex-
citatory and inhibitory properties (e.g., Cole & Miller,
1999; McNish et al., 1997; Tait & Saladin, 1986), the sen-
sory specificity of such learning is less clear.

The point of the present research was to explore learn-
ing in the backward conditioning procedure in greater de-
tail, using commonlyacceptedmeasuresof sensory-specific
learning. In Experiment 1, the Pavlovian-to-instrumental
transfer-of-control test was used to assess the sensory-
specific control by CSs given backward conditioning.Be-
cause the results of the transfer test suggested that the
stimulus acquires sensory-specific inhibitoryproperties, in
Experiment 2 a sensory-specific retardation-of-acquisition
test was used to assess the sensory specificity of learning
in the backward procedure.

EXPERIMENT 1

In the present experiment, we examined whether back-
ward US–CS training in an appetitive-conditioning para-
digm with rats enables the CS to exert outcome-selective
instrumental control in a transfer test. This was accom-
plished by first training rats to associate two different CSs
with different USs during a backward conditioningphase
(i.e., US1 ® CS1 and US2 ® CS2). Then the effects of
this training were assessed in a transfer test in which CS1
and CS2 were presented on alternate trials while subjects
chose between two instrumental actions, one of which had

been reinforced earlier with US1 and the other with US2.
If outcome-specific excitatory associations have formed
between the CSs and their respective USs, the CSs should
influence instrumental choice by selectively increasing
the rates of the instrumental responses with which they
share an outcome.However, if outcome-specific inhibitory
associations between CSs and USs have formed, the CSs
should influence instrumental choice by selectively de-
creasing the rates of the instrumental responses with
which they share an outcome.

Method
Subjects

Two squads of 16 experimentally naive, male Sprague–Dawley
rats (supplied by Charles River Breeders) were run: one in each of
two replications. The average weights of the rats in the two replica-
tions were 376 and 488 g, respectively, at the beginning of the exper-
iment. The rats were housed individually in a colony room that was on
a 16:8-h light:dark cycle, and they were maintained at 85% of their
ad-lib body weights by daily supplemental feedings (given after the
experimental session). The rats in the second replication were run be-
ginning approximately 3 weeks after the first replication had been
completed. The subjects were run in the experiment during the light
phase of their light:dark cycle.

Apparatus
The apparatus consisted of eight identical standard conditioning

chambers, each of which was housed in a sound- and light-resistant
shell. The conditioning chambers measured 30.5 3 24.0 3 25.0 cm.
Two end walls were constructed of aluminum, and the side walls, as
well as the ceiling, were made from clear Plexiglas. The floor con-
sisted of 0.60-cm-diameter stainless steel rods spaced 2.0 cm apart.
In the center of one end wall 1.2 cm above the grid floor was a re-
cessed food magazine measuring 3.0 3 3.6 3 2.0 cm (length 3
width 3 depth). A single 45-mg pellet (P. J. Noyes Co., Formula A)
was dropped onto the magazine floor when this reinforcer was
scheduled. A 0.2-ml droplet of a 24% sucrose solution (w/v) was de-
livered through a gravity-feed valve (ASCO Red-Hat valve) directly
into a well located on the floor of the food magazine when this rein-
forcer was scheduled. On the inner walls of the recessed magazine
were an infrared detector and an emitter enabling the automatic
recording of head movements inside the magazine. These were located
0.9 cm above the floor and recessed 0.8 cm from the front wall. Lo-
cated 3.0 cm to the right of the magazine and 8.0 cm above the floor
was a lever (4 cm in width). This lever protruded into the chamber
at all times, but access to the lever was prevented during magazine-
training and Pavlovian phases by a sheet metal covering. Located ap-
proximately 3 cm to the left of the magazine and about 3 cm away
from the front wall was a chain suspended through the ceiling from
a microswitch mounted on the outer part of the ceiling. This chain
was withdrawn from the chamber during magazine-training and
Pavlovian phases. A 6-W light bulb was mounted on the bottom of
the side wall of the outer chamber, below and behind the rear wall of
the conditioning chamber. When activated, this light bulb remained
continuously illuminated. A speaker was mounted approximately
22 cm behind the front wall of the conditioning chamber (where the
food magazine was located) and was used to present a white noise
stimulus (produced by a Grason-Stadler white noise generator). The
white noise measured 12 dB above a background level of 78 dB (C
weighting). The chamber was dark, except when the visual stimulus
was presented. A fan attached to the outer shell provided for cross-
ventilation within the shell, as well as background noise. All exper-
imental events were controlled and recorded automatically by a 386
IBM-clone microcomputer and interfacing equipment (Alpha Prod-
ucts).
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Procedure
Prior to the beginning of this experiment, the rats were magazine

trained with pellet and sucrose reinforcers. On each of 2 days, one
magazine training session with 1 reinforcer was followed immedi-
ately by a second session with the alternative reinforcer. In each of
these sessions, 20 reinforcers of one kind were delivered according
to a variable time 60-sec schedule. Sucrose (0.2 ml of a 24% solution)
and pellet (a single 45-mg pellet) reinforcers were delivered to the
same food magazine.

Instrumental training. On the day following magazine training,
all the rats were taught first to press the lever for one outcome and
then to pull the chain for the other outcome. This training ceased after
each response was reinforced 75 times. For half of the rats, leverpress
responses were reinforced by pellets, and chain pull responses were
reinforced by sucrose, and for the remaining rats, these response–
outcome contingencies were reversed. Instrumental training contin-
ued with variable interval (VI) schedules of reinforcement for a total
of eight sessions. The average VI value increased in Sessions 1–3
from 10 to 20 to 30 sec, and it was 60 sec in Sessions 4–8. The rats
were given two 20-min sessions per day, one for the lever and one for
the chain. Only one manipulandum was present in a session, and the
order of training with lever and chain was balanced across days.

Pavlovian backward conditioning. The rats received backward
conditioning with the light (L) and noise (N) stimuli over the next 16
sessions. The chain was withdrawn from the chamber and the lever
made inaccessible by the sheet metal covering during these sessions.
Each backward conditioning session was approximately 35 min in
duration and included two 30-sec presentations each of N and L.
Four different trial sequences (NLLN, LNNL, NLNL, and LNLN)
were used irregularly across sessions. The intertrial intervals (CS
offset to the next US onset) averaged 8 min, with a range between
5.5 and 10.5 min. On a given backward conditioning trial, the CS
was presented 10 sec after the US had been presented. This interval
was chosen on the basis of informal observations that rats usually
consume the USs within approximately 5 sec but, occasionally, may
take up to 10 sec. Thus, with these parameters, the rats were very
likely to have experienced truly backward US–CS pairings. For half
of the subjects from each of the two counterbalanced groups of the
instrumental training phase, pellets were paired with N and sucrose
with L, whereas the reverse was true for the remaining subjects.

Pavlovian-to-instrumental transfer test. One instrumental re-
training session on each of the lever and the chain was given to the
rats on the day after the last day of backward conditioning. The
transfer test occurred on the following day. In this test, the lever and
the chain were concurrently available during the entire session, but
no reinforcements could be earned. Following a 1-min warm-up, N
and L each were presented 16 times in the following sequence:
NLLNLNNLNNLLNLNLLNLNLLNNLNNLNLLN. Each stimu-
lus was 30 sec long, and the stimuli were separated by a 30-sec inter-
trial interval.

Statistical Analysis
Analysis of variance (ANOVA) techniques were used to evaluate

the data. The post hoc methods of Rodger (1974, 1975) were used
to further evaluate the source of the simple main effects and inter-
actions for the acquisition data presented in Figure 1. According to
this method, Type I error rate is controlled per contrast, and the value
we adopted was .05.

Results
Instrumental training was successful. On the final day

of instrumental VI training, the rats were responding at a
mean rate of 10.3 responses per minute (combined across
manipulanda and reinforcer type). The instrumental re-
sponse rates broken down by reinforcer and response type

revealed more leverpress than chain-pull responses (10.9
and 9.6 responses per minute, respectively) and more re-
sponses reinforced by pellets than by sucrose (11.4 and
9.3 responses per minute, respectively).These differences
did not interact with the data of primary interest from the
transfer test session, reported below.

Pavlovian Backward Conditioning
The magazine data were examined during backward-

conditioning sessions in order to determine whether the
backward procedure we used in fact produced backward
pairings between consumption of the USs and presenta-
tion of the CSs. On each trial, magazine response rates
were recorded for the 30-sec interval prior to the delivery
of the US, during the 10-sec interval after US delivery (the
interval in which it was expected that the rat would con-
sume the US), and during each of three successive 10-sec
intervals (beginning, middle, and end) of the CS. These
data are depicted over four-session blocks of training in
Figure 1. They illustrate thatmagazine respondingwas con-
centrated in the 10-sec interval immediately following US
delivery but that responding persisted to some extent into
the CS. Moreover, with extended training, this pattern of
magazine response sharpened, with less responding oc-
curring during the CS intervals.The latter fact probably re-
flects a greater efficiency in consuming the USs with ex-
tended training. But because these data likely reflect some
combination of unconditionedresponses and conditioned
responses (CRs), they are important merely in document-
ing that the backward trainingprocedure we used was suc-
cessful at producing backward pairings between US con-
sumption and CS.

A separate interval 3 block 3 replicationANOVA per-
formed on these data confirmed these impressions. The

Figure 1. Mean (6SE ) magazine responses/minute in the 30-
sec pretrial interval and in successive 10-sec intervals post-US
and continuing across the backward US–CS trial. The distribu-
tion of responding across the trial is displayed in successive four-
session blocks of backward training.
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main effects of interval [F(4,120) 5 117.04] and block
[F(3,90) 5 53.80] were both significant, as was the inter-
val 3 block interaction [F(12,360) 5 2.94]. There were
no main effects or interactions involving the replication
factor. Separate one-way ANOVAs examining the block
effect revealed differences at each interval (Fs . 4.94).
Post hoc tests indicated that responding was higher in the
first block than in any other block of training in every in-
terval except the US interval.Respondingduring the final
block of training was lower than that in every other block
during the US interval and the first two CS intervals. This
pattern of responding reflects an increasing concentration
of magazine responding around the US interval as train-
ing progressed.

Pavlovian-to-Instrumental Transfer Test
The transfer test results are presented in Figure 2. The

data are presented separately for instrumental responses
that had been reinforced earlier with the same outcome as
that pairedwith the CSs or with the different outcome.Since
there were no interactions involving the stimuli (N vs. L
or pellet-paired vs. sucrose-paired stimuli), the data have

been collapsed across these stimulus factors. The data are
displayedcollapsed over replications (top), as well as sep-
arately for each replication (below), in order to illustrate
the stability of the effect over replications. Finally, the in-
strumental response rate data have been transformed to re-
sponse ratios of the form a/(a 1 b), where a denotes re-
sponding during the CS and b denotes responding in the
pre-CS interval.There were no differences in mean pre-CS
same (4.4 responses per minute) and different response
rates (4.4 responses per minute).

The data indicate a small suppression of both same-
outcome and different-outcome responses early in the CS
but an increasing suppressionof same-outcome responses
and a decreasingsuppressionof different-outcomeresponses
across the CS. These data were evaluated with a replica-
tion (first or second) 3 response (same or different out-
come) 3 interval (first, second, or third 10-sec interval)3
stimulus (pellet associatedor sucrose associated)ANOVA.
The only significant effect in this analysis was the re-
sponse 3 interval interaction [F(2,62) 5 7.02]. Subse-
quent simple main effects tests determined that different-
outcome response ratios were greater than same-outcome

Figure 2. Mean (6SE ) instrumental responding across the stimulus in the transfer test when the backward condi-
tioned stimulus (CS) and the instrumental response were trained with the same or different outcomes. Response rates
during the stimulus were conditionalized upon prestimulus response rates.
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response ratios in the third interval only [F(1,93) 5 7.98].
Similar patterns of responding across the CS were appar-
ent in both replications, and there were no interactions in-
volving this factor.

Discussion
The data from both replications of the present study

were consistent in demonstratingthat backward-trainedCSs
exert an outcome-specificeffect upon instrumental choice.
Of special interest is the fact that this effect is exactly op-
posite to that seen in prior research with forward-trained
CSs. In particular,whereas forward-trained CSs have been
shown to selectively increase the rate of instrumental re-
sponses with which they share an outcome (e.g., Colwill &
Rescorla, 1988; Kruse et al., 1983), the present results
document that backward trained CSs selectively decrease
the rate of instrumental responses with which they share
an outcome. The most straightforward interpretation of
these two sets of findings is that forward conditioning re-
sults in the formation of outcome-specific excitatory as-
sociations between the CS and the US and backward con-
ditioning results in the formation of outcome-specific
inhibitory associations.

However, before accepting such a conclusion, an alter-
native way of conceptualizing these data should be con-
sidered.Cole and Miller (1999)have applied their temporal-
coding hypothesis to the case of backward conditioning.
One element of this hypothesis is that backward US–CS
pairings result in the formation of an excitatory associa-
tion between the two stimuli (see also Barnet & Miller,
1996; Williams & Hurlburt, 2000). A second element of
the temporal coding hypothesis is that information regard-
ing the temporalaspectsof the backwardprocedure (namely,
the stimulus durationand temporal order of the two events)
is assumed to be part of what is learned. Cole and Miller
described this aspect of backward learning in two ways.
First, they discussed it in terms of a temporal maplike rep-
resentation of the backward conditioning sequence. In
essence, the temporal codinghypothesisasserts that when
a well-trained backward CS is presented, it is assumed to
evoke a representation that codes the US occurring prior
to the CS. Second, Cole and Miller described the well-
trained backward CS as a signal for the future absence of
the US. Either of these relationships could result in the
CS’s acquiring what Cole and Miller refer to as “negative
signal value,” which they assume is responsible for in-
hibitoryperformance. If this negative signal value were as-
sumed to be outcome specific, the present results could be
explainedby the temporal coding hypothesis, as well as in
terms of inhibitory CS–US associations. The next exper-
iment was designed to provide some information bearing
on the temporal coding account of Experiment 1.

EXPERIMENT 2

The present experiment had two aims. We sought to pro-
vide additional information relevant to the temporal coding
hypothesis and to provide additional evidence relating to

the claim that backward conditioning results in the CS’s
acquiring sensory-specific inhibitory control (however
one might wish to interpret that control).

We further explored the temporal coding hypothesis by
asking whether the backward or the forward temporal infor-
mation provided by the backward CS is more important in
determining negative signal value. According to temporal
coding theory, after a large number of trials a backward
conditionedstimulus evokes a representation of the US as
having just occurred.That iswhy, in Cole and Miller (1999),
the backward conditioned stimulus produced excita-
tory second-order conditioning to another stimulus that
occurred just before it. In that case, the representation of
the US evoked in temporal coding is acting just like pre-
sentation of the US, which would also produce excitatory
conditioning. If the same aspect of temporal coding is re-
sponsible for the outcome-specific inhibitoryeffect of the
backward conditioned stimulus in the choice test of Ex-
periment 1, one would expect the noncontingent presen-
tationof the US to also have an outcome-specific inhibitory
effect on choice.

A different expectation develops if we assume that the
CS acquires negative signal value because it signals the
future omission of the US, and not because of its backward
relation to the US. If this were the case, there would be lit-
tle reason to suppose that a signal for the omission of the
US and the noncontingent presentation of the US should
influence instrumental choice in the same way. Indeed, if
the USs in our experiment acquired outcome-specificdis-
criminative properties during instrumental training, when
only one response and reinforcer could occur in a given
session (e.g., Rescorla & Skucy, 1969), we should expect
noncontingent USs to exert selective excitatory control
over the instrumental responses that they previously rein-
forced.

In the present experiment,subjects that served in the sec-
ond replication of Experiment 1 were given additional in-
strumental retraining sessions before being exposed to
transfer-of-control tests in which the USs were presented
noncontingently. Instrumental choice was measured in
these tests in successive intervals following deliveryof the
US. If a negative signal value acquired by a backward CS
is derived from the information it conveys about the prior
occurrence of the US, we would expect the actual occur-
rence of the US to similarly suppress, in post-US inter-
vals, the instrumental response that was previously rein-
forced by that US. We would not expect this result if the
CS’s negative signal value depended on signaling the fu-
ture absence of the US.

FollowingthesenoncontingentUS tests, the subjectswere
administeredan additional test to assess the sensory speci-
ficity of learning during backward conditioning.For this
purpose, an outcome-specific retardation-of-acquisition
test was run (Pearce, Montgomery, & Dickinson, 1981).
Before this test, the subjects first were given a minimal
amount of additional backward training, and then they
were segregated into two separate subgroups (n 5 8), each
of which was subsequently given forward conditioning
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with the CSs and USs used previously. One of these two
subgroups, Group Same, was given forward training with
the same CS–US combinations that they had earlier en-
countered during backward conditioning. The other sub-
group, Group Reverse, was given forward trainingwith the
CS–US combinations reversed between the backward and
the forward conditioning phases.

This comparison can be thought of as a kind of retarda-
tion test for conditioned inhibition. It was hypothesized
that if backward conditioningresults in outcome-specific
inhibitory associations, it would be difficult to train the
CSs as excitors when they served as forward signals for
the very USs with which they previously had been paired
backwardly. In other words, the acquisition of magazine
approach responding in Group Same would be expected to
be slower than acquisitionin Group Reverse. Note that this
comparison is better suited thanmost comparisons for iden-
tifying an outcome-specific effect of backward training,
because it avoids the problems inherent in any design in
which two groups receivedifferent treatments in Phase 1. In
the present case, both subgroupswere exposed to backward
and then forward conditioning procedures, with the only
difference being the specific CS–US combinations in the
two phases. Therefore, any difference between the two
groups during the forward training phase would have to
be attributed to the different CS–US combinations they
experienced in the two phases. This could matter only if
sensory-specific learning occurs in both phases.

Method
Subjects

Only the subjects from the second replication of Experiment 1
were used in Experiment 2, and they were maintained in the same
manner as they had been previously.

Apparatus
The same apparatus as that in Experiment 1 was used.

Procedure
US tests. Beginning 1 week after the Pavlovian-to-instrumental

transfer test of Experiment 1, the subjects in the second replication
were administered three US test sessions. Each of these was pre-
ceded by two instrumental retraining sessions (as has been described
previously). In the first two US test sessions, one or the other out-
come was delivered 16 times, noncontingently, at 65-sec intervals
starting after the first minute. The rats had continuous access to the
lever and the chain, and response rates were recorded in each of six,
10-sec post-US intervals beginning 5 sec after US delivery. Half of
these subjects received pellets in Test 1 and sucrose in Test 2, whereas
the remaining subjects were given the reverse order. Both pellets and
sucrose were delivered noncontingently in US Test 3. However, in
this test, the interreinforcement interval was increased to 185 sec to
achieve greater separation between the effects of successive non-
contingent outcomes, and there were six presentations each of pel-
let and sucrose in the following order: PSPSSPPSSPSP. No response-
contingent reinforcers were presented during these tests.

Pavlovian retardation test. Six days after US Test 3, the subjects
were given two additional backward conditioning retraining sessions
(as a reminder of the backward contingencies they had experienced
in Experiment 1). Then these subjects were exposed to 24 sessions
of forward conditioning with both N and L. The subjects were first
segregated into two subgroups (n 5 8) that were matched in terms

of their performance during the Pavlovian-to-instrumental transfer
test (Experiment 1), as well as the US tests. In addition, all of the
above-mentioned counterbalancing was preserved equally in each
of these subgroups. One of these subgroups, Group Same, was ex-
posed to forward conditioning trials in which N and L preceded the
USs that they had previously followed. For the other subgroup,
Group Reverse, N and L preceded the USs with which they had not
been paired during backward conditioning. Each of these forward
conditioning sessions was identical to the backward conditioning
sessions, with the exception that the USs were presented immedi-
ately after the termination of the CSs.

Results
US Tests

The results of the US tests are displayed in Figure 3. The
data are expressed in terms of response rates occurring in
the 5-sec interval in which the US was presented, as well as
in each of six, post-US intervals. During the first two US

Figure 3. Mean (6SE ) instrumental responses/minute in the
noncontingent unconditioned stimulus (US) tests. Each US first
was tested in separate sessions (upper panel) with a 65-sec inter-
US interval, and then the two USs were presented in the same test
session with a 185-sec inter-US interval (lower panel). Respond-
ing is displayed during the interval in which the US was presented
and in each of six separate post-US intervals, according to
whether the response was reinforced previously by the noncon-
tingent US (Same) or not (Diff).
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tests (upper panel, data combined across tests), pellet and
sucrose reinforcers were presented noncontingentlyin dif-
ferent sessions. In the third US test (lower panel), pellet
and sucrose reinforcers were presented in the same ses-
sion.The results from the two typesof US test sessionswere
very similar. Noncontingent presentations of a reinforcer
elevated the instrumental response on which it earlier had
been contingent more than it elevated the alternative re-
sponse.

Separate response (same/different) 3 interval (post-
US Intervals 1–6) ANOVAs were performed on the data
depicted in each panel of Figure 3. The data for the inter-
vals in which the US was presented were not analyzed,be-
cause it is likely that responding in this interval was sup-
pressed by consumption of the US. For the separated US
test sessions (upper panel), there were significantmain ef-
fects of response [F(1,15) 5 28.18]and interval [F(5,75) 5
20.71]. The response 3 interval interaction was not sig-
nificant. When both USs were presented in the same ses-
sion (lower panel), there were also significantmain effects
of response [F(1,15) 5 26.38] and interval [F(5,75) 5
8.24], but no interaction. The absolute size of the effect
appears somewhat lower when both USs were presented in
the same session (lower panel), as might be expected
given that, on occasions in which the two USs alternated,
the selective facilitativeeffect would have to overcome the
opposite effect of the preceding trial. However, it is diffi-
cult to make anything of this impression, because the two
types of sessions differed in duration, as well as in test
order. The session in which both USs were presented was
longer because the inter-US interval was lengthened in an
effort to achieve greater separation between the effects of
successive noncontingentoutcomes. Because of this fact,
more extinction in this session would have lowered over-
all response rates more than in the single US tests.

Retardation of Acquisition Test
Figure4 displays, for Groups Same and Reverse, themean

rate of magazine responding over successive blocks of re-
tardation testing (expressed as CS 2 pre-CS difference
scores). The data were combined across both CSs. The
figure illustrates that Group Reverse, the group trained
with different outcomes in the backward and the forward
conditioning phases, reached a higher rate of magazine
approach responses than did Group Same.

A group 3 block ANOVA performed on these data re-
vealed a significantmain effect of block[F(5,70) 5 10.25],
as well as a significantgroup3 block interaction[F(5,70) 5
2.94]. Subsequent between-groupsANOVAs conductedat
each block indicated that the difference score was greater
in Group Reverse than in Group Same in Block6 [F(1,33) 5
4.72]. The groups did not differ in any other block.

A similar analysis applied to the pre-CS response rate
data during the retardation test revealed a significant
block effect [F(5,70) 5 3.25] and a significant group 3
block interaction [F(5,70) 5 3.03], in large part due to
very low error variance with very low levels of respond-
ing in the pre-CS periods. However, subsequent between-

groups ANOVAs at each block failed to indicate that the
groups differed in any block [largest F(1,24) 5 1.62]. The
pre-CS means for Group Reverse and Group Same on
Block6, respectively,were 1.8 and 2.4 responsesperminute.

Discussion
The present study had two objectives. First, we further

explored predictionsarising from the temporal coding hy-
pothesis by asking whether the backward or the forward
temporal information provided by the backward CS is
more important in determiningnegative signal value. Sec-
ond, the experiment provided additional evidence relating
to the possibility that backward conditioning results in
sensory-specific inhibitory control.

This experiment demonstrated slower acquisition of
conditioned magazine approach responses when the CS
was given forward pairings with the same US with which
it previously had been given backward pairings, as op-
posed to a different US. This result is consistent with the
claim that sensory-specific inhibitory control is estab-
lished during backward conditioning.

In addition, the results indicate that noncontingent US
presentations exert effects on instrumental choice that are
opposite to the influence of a backward CS. This result
has implications for Cole and Miller’s (1999) temporal
coding hypothesis.Above, we noted that according to this
hypothesis,negative signal value in a backward CS can be
thought of in two ways. The backward CS may be coded
as providing temporal information (1) about the prior oc-
currence of the US or (2) about the future absence of the
US. We reasoned that if negative signal value in the back-
ward CS is related to the information it conveys about the

Figure 4. Mean (6SE ) magazine responses/minute are dis-
played in four-session blocks of the retardation-of-acquisition test
in rats trained with the same (Group Same) or reversed (Group
Reverse) stimulus–outcome assignments in the backward- and
the forward-conditioning phases. Response rates are shown for
the conditioned stimuli (CSs), combined, in the form of CS 2 pre-
CS difference scores.
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prior occurrenceof the US, the actual occurrence of the US
should exert a similar effect on instrumental choice. The
results show that the USs clearly did not exert an effect
similar to the effect the CSs had in Experiment 1. This sug-
gests that if negative signal value determinedperformance
to the backward CSs in Experiment 1, it was information
about the future absence of the US, and not about the prior
occurrence of the US, that was important in governing in-
strumental choice.

Indeed, in the present experiment, the noncontingentUSs
controlled instrumental choice in a manner that was con-
sistent with their discriminative stimulus properties pre-
sumed to have been acquired during the instrumental train-
ing phase (e.g., Rescorla & Skucy, 1969). The responses
were trained in separate sessions during that phase, and
this could have allowed each US to acquire control over
the instrumental response that it reinforced. The new fea-
ture of the present data is the finding that USs differing in
their qualitative, but presumably not their motivational,
properties also can acquire selective discriminative con-
trol (see also Trapold & Overmier, 1972).

GENERAL DISCUSSION

The data from the present experiments suggest that
outcome-specific associations are learned as a result of
backward US–CS pairings. Moreover, the transfer and the
retardation test data are consistent with the view that these
outcome-specific associations are inhibitory. In the latter
portion of the CS, instrumental choice was biased away
from the response with which the CS shared an outcome.
Also, CR acquisition was more rapid when the CSs were
paired with different USs in the backward and forward
phases, as compared with when they were paired with the
same US in the two phases. An additionalnoteworthy fea-
ture of the present data is that backward-trained CSs and
the USs with which they were paired had opposite effects
on instrumental choice.

The present data are quiteclearly in line with predictions
derived from AESOP theory (Wagner & Brandon, 1989).
As was noted above, this theory assumes that outcome-
specific excitatory or inhibitory associations could result
from backward US–CS pairings, depending on the US–
CS interval and the decay rates assumed for sensory pro-
cessing of the US. Prior to running these experiments, we
had no a priori reason to suspect that the US–CS interval
we chose would be more favorable for sensory-specific
excitatoryor inhibitoryassociations’being learned. How-
ever, the results imply that the 10-sec US–CS interval used
here allowed for a substantial amount of decay of sensory
processing of the US into its A2 state at the time the CS
was presented.This would have meant that A1 processing
of the CS co-occurred with A2 processing of the sensory
features of the US, a conditionrequired for sensory-specific
inhibitory learning. This perspective makes sense of both
the transfer results and the retardation test results. Choice
in favor of the instrumental response with which the CS
did not share an outcome could reflect the CS’s inhibitory

effect on the outcome representationactivatedby the instru-
mental response with which it did share an outcome. Fur-
thermore, the observationof slowerCR acquisitionin Group
Same can be interpreted similarly in terms of outcome-
specific conditioned inhibition. Importantly, if one inter-
prets the transfer test as a kind of summation test for inhi-
bition, the present experiment documents for the first
time, using both of the commonly accepted standards for
inhibition (Rescorla, 1969), that backward conditioning
results in outcome-specific conditioned inhibition.

The present data are also relevant to other theories of
backward conditioning. For instance, Cole and Miller’s
(1999) temporal coding hypothesis assumes that a back-
ward CS acquires an excitatory association with the US,
as well as a negative signal value. Furthermore, a negative
signal value is assumed to be derived from temporal in-
formation the CS conveys about the prior occurrence
and/or the future nonoccurrence of the US. This temporal
information, in turn, is assumed to determine whether the
CS will exert excitatory or inhibitory control over condi-
tioned responding. For this approach to account for our
Pavlovian-to-instrumental transfer test results, it must be
assumed that (1) the backward CSs acquired negative sig-
nal value that was derived from temporal information the
CSs conveyed about the future absence, rather than the
prioroccurrence,of the USs and (2) the negativesignalvalue
was outcome specific. The first of these assumptions
seems warranted (as was discussed above) by the finding
that CSs and USs had opposing effects on instrumental
choice. The second of these assumptions requires some
additional comment. Since, in the present experiments,
the backward CSs were each followed by a minimum 5.5-
min interval in which neither US was presented, there is
reason for thinking that each CS may well have signaled
the absence of both USs. It was also true, however, that in
these experiments, the USs were more likely to alternate
than to repeat across trials. Thus, after each CS, there was
a shorter interval to the occurrence of the alternate US
than to the US that the CS had followed. Therefore, for the
backward CS to have acquired outcome-specific negative
signal value on the basis of predicting a period free of the
US, the rats must have been sensitive to the greater aver-
age time to the next US that was the same US than to the
next US that was different.

An alternativeway of conceptualizingbackward condi-
tioning arises from the behavior systems theory (e.g.,
Silva & Timberlake, 2000;Silva et al., 1998). According to
this view, with relatively short interstimulusintervals,back-
ward US–CS pairings should result in subjects’ associat-
ing the CS with a behavioral mode ( focal search) that is
similar (although not identical) to the focal search mode
assumed to be engaged by forward pairings. This descrip-
tion suggests that forward and backward conditioning
ought to produce similar learning when the focal search
mode is equallyengaged.The magazineentry data collected
during backward conditioning(see Figure 1) indicate that
magazine responding persisted for some time following
the 10-sec interval during which the US was presented
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(and consumed). On the basis of this, we expected the CS
to be associatedwith postfood focal search responses (that
included magazine entry) engaged by that specific US,
much as would be a CS from forward conditioning. The
transfer data are inconsistentwith this expectation.Clearly,
in the context of behavior systems theory, the present data
would suggest that sometimes prefood and postfood focal
search modes are strikingly different.

Although the present experiments clearly document
that backward conditioningcan result in outcome-specific
inhibitory effects, there are several empirical issues that
remain unresolved. Three parameters shown to be impor-
tant in backward conditioning include the extent of train-
ing (Cole & Miller, 1999; Heth, 1976), the US–CS inter-
val (e.g., Maier, Rapaport, & Wheatley, 1976), and the
intertrial interval (e.g., Moscovitch& LoLordo, 1968). One
especially optimal set of conditions for generating in-
hibitoryconditioningincludes extended trainingwith short
US–CS intervals and long intertrial intervals (Moscovitch
& LoLordo, 1968). Parametric explorations of these vari-
ables may establish important boundaryconditionsfor ob-
taining outcome-specific conditioned inhibition in back-
ward conditioning.

Another important empirical issue concerns the com-
parison of different inhibitory conditioning procedures.
For example, although prior research has documented the
existence of outcome-specific inhibitory control by dis-
criminative stimuli in instrumental settings (e.g., Bonardi,
1989; Colwill, 1991), there is relatively little evidence for
outcome-specific inhibition from Pavlovian procedures
(LoLordo & Fairless, 1985). Moreover, Pavlovian studies
in which this issue has been examined have not assessed
backward conditioning, which may differ from other in-
hibitory conditioning procedures in its ability to support
outcome-specific inhibitory learning.

Three studies have assessed the outcome specificity of
inhibition resulting from inhibitory conditioning proce-
dures other than backward conditioning.LoLordo (1967)
superimposed a Pavlovian differential conditioning pro-
cedure in which the US was either a footshock or a loud
noise upon an unsignaled footshock avoidance baseline.
The CS2 for shock markedly suppressed dogs’ avoidance
behavior, but the CS2 for loud noise did not produce sig-
nificant suppression, althoughthere was a trend in that di-
rection. This result constituted weak support for outcome
specificity of inhibition; however, two other studies in
which aversive conditioningwas used provided no support
for specificity. Pearce et al. (1981) found that following
conditioned inhibition training (A1, AX2) in the eye-
blink conditioning procedure, rabbits showed roughly
equivalent retardation of excitatory conditioning, relative
to controls, whether the inhibitor was repeatedly paired
with the same para-orbital shock used in conditioning or
with shock to the other eye. There was no evidencefor out-
come specificity. Nieto (1984) used a between-sessions
negative correlation procedure, in which only CSs oc-
curred in some sessions and only USs in others, to gener-
ate inhibition. For one group of rats, the US was loud

noise, and for another, it was footshock. Then half the rats
in each group received pairings of a second CS with foot-
shock, and the others received pairings of that CS with
loud noise. In a subsequent summation test, the putative in-
hibitor had the same inhibitory effect whether the second
CS with which it was compoundedhad signaled footshock
or the loud noise. Another experiment in the same report,
using the conditioned inhibition procedure and both
retardation-of-acquisition and summation tests, corrobo-
rated this finding. Again, there was no evidence for
outcome-specific inhibition.

Like the present research, a study by Kruse et al. (1983)
used appetitivePavlovianconditioningand an instrumental
choicetestprocedureto studyoutcome-specificinhibition—
in that case, the outcome specificity of conditioned inhi-
bition evoked by a CS that had been explicitly unpaired
with the US. These authors first trained rats on a condi-
tional discriminationtask with differentialoutcomes. In the
presence of one discriminative stimulus (S1), one instru-
mental response (R1) produced one positive outcome
(O1), but a second instrumental response (R2) was not re-
inforced. In the presence of a second discriminative stim-
ulus (S2), R2 produced a second positive outcome (O2),
but R1 was not reinforced. The rats then received a Pavlov-
ian inhibitory conditioning procedure in which CS2 was
explicitlyunpaired with one of these outcomes.Outcome-
specific inhibitory control by the CS2 was then assessed
in transfer tests with the CS tested by itself and in combi-
nation with each of the discriminativestimuli (S1 and S2).
These tests revealed that CS2 exerted an outcome-specific
effect on the latency to complete the instrumental response
requirement in the presence of the discriminative stimuli
but, unlike in the present study, had no selective effect on
choice.An importantvariablein detectingoutcome-specific
effects with this procedure is likely to be whether the in-
strumental baseline is free operant, as in the present study,
or discriminated operant, as in Kruse et al. (1983).

Finally, there is one additional aspect of the present re-
sults that requires further investigation. The inhibitory
Pavlovian-to-instrumental transfer effect we report was
seen only in the last 10-sec portion of the CS. This result
may have a relatively simple explanation, or it may point
to the involvement of more complex processes than have
been considered thus far. For instance, one explanation
rests on the assumption that the CS or, more likely, the no-
US representation that it presumably activates must be re-
cruited for some minimal amount of time before behav-
ioral effects can be observed. This assumption would
make sense of the observation that the effect appears to be
graded across the CS interval (see Figure 2). A somewhat
more complex approach would be to assume that different
portions of the CS are discriminablydifferent. This would
allow for different temporal components of the CS to be
learnedabout differently. In particular, it may be assumed—
for example, in line with AESOP—that the latter portion
of the CS was in a more favorable position than the earlier
portions to acquire conditioned inhibition. Precisely this
sort of argument was made by Romaniuk and Williams
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(2000) in explaining why their 30-sec backward CS func-
tioned as a conditioned inhibitor when tested in its en-
tirety, although the first 3-sec portion of the CS functioned
as a conditioned excitor when tested separately. Regard-
less of which of these views is correct, it seems clear that
a complete account of backward conditioning ultimately
will have to take this temporal variable into account.

In summary, thepresent experimentsdocumentthatback-
ward conditioningresults in the developmentof outcome-
specific inhibitory control by the CS. This conclusion is
substantiatedby the results from Pavlovian-to-instrumental
transfer and retardation-of-learning tests. Moreover, sep-
arate testsof noncontingentUSs during instrumentalchoice
revealed that backward-trained CSs and USs had oppos-
ing effects on instrumental responding.The results should
help to constrain further developments of existing theo-
ries of backward conditioning.
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