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Negative Priming in Associative Learning:
Evidence From a Serial-Conditioning Procedure

R. C. Honey, Geoffrey Hall, and Charlotte Bonardi

Three experiments investigated the suggestion that a predicted or primed stimulus commands less
processing and consequently elicits a weaker conditioned response (CR) than a stimulus that is not
primed. In each experiment rats received initial training in which the presentation of each of 2
serial compounds, A-X and B-Y, was followed by the delivery of food. Subsequently, X’s capacity
to elicit the CR, approaching the site of food delivery, was assessed when X was preceded by
Stimulus A (i.e., primed) or was presented after Stimulus B. Stimulus X elicited a more vigorous
response when it was presented after B than when it followed A. These results show that the ability
of one event to elicit its CR is reduced if its presentation has been predicted by some other
event. This negative priming effect supports one aspect of Wagner’s (1981) model of Paviovian

conditioning.

Wagner (1976) argued that a number of seemingly diverse
phenomena in habituation and conditioning might reflect
the operation of a relatively small set of information-pro-
cessing principles. Much of the explanatory burden of Wag-
ner’s thesis was borne by the principle that in order for a
stimulus to be processed in an effective way its presentation
should be unexpected or surprising. This suggestion contin-
ues to represent an important part of his more recent, formal
analysis of Pavlovian conditioning (e.g., Wagner, 1981).
The way in which the suggestion is currently embodied can
be illustrated by considering the situation in which a subject
experiences presentations of a tone that are signaled by a
light.

It is assumed that initially the presentations of the light
and the tone will be surprising and each will provoke a
primary state of activation (Al) in its corresponding central
representation or node. Nodes that are concurrently acti-
vated in this way will, it is assumed, become linked so that
on subsequent occasions, presentation of the light will be
able to activate the representation of the tone. The resulting
associatively activated, primed, state is held to have differ-
ent properties from the state produced by presentation of the
tone itself. In particular, Wagner (1981) suggested that as-
sociative priming is capable of generating only a secondary
state of activity (A2) in a node. For as long as the node
remains in A2, presentation of the corresponding stimulus
will be incapable of generating the Al state. Furthermore,
because it is necessary for a stimulus to generate the Al
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state to receive access to limited processing resources, the
presentation of the light will result in the tone being poorly
processed when it arrives. We refer to cases in which pre-
dicting an event appears to reduce the effectiveness of the
processing it receives as negative priming (without neces-
sarily implying a direct parallel with phenomena in human
information processing that have received this label; see,
e.g., Allport, Tipper, & Chmiel, 1985).

A failure to receive full processing will show itself in a
number of ways; a primed stimulus will, for instance, have
difficulty in entering into new associations and will be less
effective than an unexpected stimulus at evoking respond-
ing. Although rival explanations of the phenomena are
available, support for these proposals has been derived from
the blocking effect (e.g., Kamin, 1969) and from the effect
known as conditioned diminution of the unconditioned re-
sponse (UR)-—the observation that the magnitude of the UR
evoked by a given unconditioned stimulus (US) diminishes
over the course of conditioning in which a conditioned
stimulus (CS) reliably precedes the US (e.g., Kimmel &
Pennypacker, 1962). These phenomena have both been
taken to indicate that a predicted stimulus is less able than
an unexpected stimulus to function as a US. The former
phenomenon is thought to show the inability of a predicted
US to enter into further associations; the latter is taken to
reflect the fact that the CS, by virtue of its association with
the US, becomes able to establish the A2 state in the US
node and thus interfere with the processing necessary for
elicitation of the UR.

Evidence that a primed stimulus is less able than an
unexpected stimulus to function as a CS has been sought in
studies of the role of context. It is well established that
nonreinforced preexposure to a stimulus reduces the rate at
which that stimulus will become an effective signal for a US
and that this latent-inhibition effect can be reduced or even
abolished if preexposure and conditioning take place in
different contexts (e.g., Channell & Hall, 1983; Hall &
Honey, 1989; Lovibond, Preston, & Mackintosh, 1984). The
priming interpretation of these findings is that during pre-
exposure an association develops between the context and
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the CS; this will mean that the CS is represented in the A2
state when it is presented in the preexposure context but not
when it occurs elsewhere. Consequently, a preexposed CS
will be poorly processed and poor at forming new associa-
tions unless there is some change in context between pre-
exposure and conditioning.

Evidence that a primed CS is less able to evoke its con-
ditioned response (CR) has been harder to come by. An
implication of the priming account is that presenting a
trained CS in a context different from that used for initial
conditioning should, other things being equal, produce an
enhancement in the magnitude of the CR because the CS
will be surprising and receive full processing. However, the
many studies of the context specificity of conditioned re-
sponding (for reviews, see Bouton, 1990; Hall, 1991), have,
with very few exceptions (see Kaye & Mackintosh, 1990),
found no increase in the vigor of the CR, and in many cases
the change of context resulted in a loss of responding. These
results, then, are not encouraging for the priming theory. It
seems possible, however, that a variety of processes will be
engaged when a CS is presented in a new context, and one
or more of these processes might act to obscure any effect
of priming. This possibility is takem up in detail in the
General Discussion, where we further argue that the condi-
tions of training in experiments on the context specificity of
conditioning tend not to be optimal for producing a priming
effect. Accordingly, it seemed worthwhile to attempt to de-
vise a different procedure that would maximize the chances
of seeing a more vigorous CR to an unexpected than to a
primed CS.

In each of the three experiments reported, we used vari-
ants of the same basic design. Rats received initial training
in which the CS of interest was itself reliably preceded by
some other stimulus. This other stimulus should, according
to the theory advanced earlier, form an association with the
target CS, become able to prime the representation of that
CS, and thus restrict the ability of the CS to evoke its CR.
In the test phase, the target was presented without the prime
(the target was preceded, instead, by some other event with
which it had not previously been associated), and any
change in the magnitude of the CR was monitored.

Experiment 1

In this experiment, we used an appetitive-conditioning
procedure with rats as the subjects. Its design is summarized
in Table 1. During training, each rat received presentations
of two serial compounds, A-X and B-Y, that were paired

Table 1

Design of Experiment 1
Training Testing
AX -+ A-X & B-X
B-Y - + B-Y & A-Y

Note. Each subject received food-reinforced (+) serial condition-
ing trials with two serial compounds, A-X and B-Y. Subsequently,
the level of responding to X and Y was measured as a function of
whether they had been preceded by A or by B.

with the delivery of a food pellet. On the basis of previous
research (e.g., Channell & Hall, 1983), it was expected that
subjects would come to approach the food tray during X and
Y——a tendency that might also be apparent during A and B.
This serial-conditioning design was used because it should
foster the development of potent A-X and B-Y associations.
These associations, according to Wagner (1981), should im-
pede the processing of X and Y, respectively, and reduce the
CR that they elicit. This possibility was investigated in a
subsequent test by comparing the level of responding elic-
ited by, for example, X when it was preceded by A with the
level X elicited when its presentation was preceded by B.
Negative priming would be evident if X elicited a less
vigorous CR when its presentation had been signaled by A
than when it had been preceded by B.

This experimental design allows the possibility that the
Priming Stimuli A and B might themselves acquire associa-
tive strength (and hence elicit CRs), either because X and Y
become secondary reinforcers or as a result of direct asso-
ciations between A and B and the delayed US. This does not
complicate interpretation of the results, however, because
the associative strengths of A and B will be equated, and
thus any differences in their ability to modify responding to
a target CS could not be a consequence of their own ten-
dencies to elicit conditioned responding.

Method
Subjects

The experiment was conducted in two replications. In the first
study, the subjects were 8 naive male hooded Lister rats that had
a mean ad lib weight of 379 g (range = 335-425 g). In the second
study, the subjects were 8 naive male hooded Lister rats with a
mean ad lib weight of 478 g (range = 410-555 g). The rats were
maintained at 80% of their free-feeding weights.

Apparatus

Four Skinner boxes, supplied by Campden Instruments Limited,
were used. Each box contained a recessed food tray to which
45-mg food pellets could be delivered. The opening to the food
tray was guarded by a transparent rectangular plastic flap (6 cm
high and 5 cm wide) that was hinged along its top edge to the top
of the entrance to the food tray. Pushing the flap inward from its
vertical resting position allowed access to the food tray. These
movements actuated a microswitch, and each closing of the switch
was recorded as a response. The flap returned to its resting position
as rats removed their snouts or paws from the tray. Four stimuli
were used: a jewel light that was mounted adjacent to, and to the
right of, the food tray; a light that was mounted inside the food
tray; and a 2-KHz tone and a white noise presented from a speaker
mounted above the aluminum ceiling at an intensity of 82 dB(A),
re 20 pN/m?. The boxes were dimly lit by a jewel light that was
positioned on the wall above the food tray. The background noise
level of 65 dB(A), re 20 uN/m?, was produced by a ventilation fan.

Procedure

Pretraining. On the first day of the study the subjects were
trained to collect 45-mg food pellets from the food tray during
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two 40-min sessions. The pellets were delivered on a variable
time (VT) 60-s schedule.

Training. The subjects then received appetitive-conditioning
trials with the two serial compounds, A-X and B-Y. The elements
of each compound were 30 s in duration, and the offset of the
first element coincided with the onset of the second. Illumination
of the right jewel light and of the food tray light served as the
first elements, A and B, and white noise and a tone were used as
the second elements, X and Y. The identity of the visual stimulus
that served as A or B and that of the auditory stimulus that acted
as X or Y were counterbalanced. There were two A-X trials and
two B-Y trials in each session. A single food pellet was delivered
after each serial compound. The first trial occurred 440 s after the
start of each session, and the intertrial interval was 500 s. The or-
der in which the trials were presented within a session was ran-
dom. There were two 40-min training sessions each day for 4
days.

Testing. In the first study, subjects received a single 40-min
test session that contained four nonreinforced trials. On two of
these trials (S, or same, trials), subjects were presented with the
compounds that had been presented during training. On the re-
maining trials, the different (D) trials, subjects received one pre-
sentation of A-Y and one of B-X. The order in which these trials
was presented was counterbalanced, with half of the subjects re-
ceiving the sequence SDDS and the remainder receiving the se-
quence DSSD. Half the subjects received A-X as their first S
trial, and half received B-Y. Similarly, half received A-Y as the
first D trial, and half received B-X. Subjects in the second study
were treated in an identical fashion except that they received a
second test day. On this day subjects that were given the test se-
quence SDDS on Test 1 received the sequence DSSD, and sub-
jects that were given the sequence DSSD on the first test day re-
ceived the test sequence SDDS.

Responding was recorded separately for each element of each
compound and for the 30-s period that preceded the onset of each
trial. To correct for individual differences in the background rate
of responding and within-session fluctuations in such responding
during the test, an elevation ratio was calculated in which the rate
of responding during the stimuli was divided by the rate of re-
sponding in the prestimulus period; if there was no responding
during this period, the rate of responding during the stimulus-free
periods in the rest of the session was used. The rejection level
that was adopted for all analyses was p < .05.

Results

By the final session of training, the subjects were reliably
approaching the food hopper during X and Y—a tendency
that was somewhat less marked during the first elements of
the serial compounds (A and B). The critical test results of
Experiment 1 are presented in Figure 1.

The identity of the stimulus that served as A or B and as
X or Y made no difference to the pattern of results that was
observed. Accordingly, analyses were conducted with the
scores pooled across these counterbalanced factors. There
was no difference in the rate of response during the first
elements of the compounds, A and B, as a function of trial
type, S or D. Thus, the mean elevation ratios on S and D
trials were 1.47 and 1.91, respectively. An analysis of vari-
ance (ANOVA) with trial type (S or D) and replication as
factors revealed no effect of either factor and no interaction
between the factors (Fs < 1). The critical results from
Experiment 1, the responding during the second elements of

ELEVATION RATIO
N WA O N

CONDITION

Figure 1. Experiment 1: Mean elevation ratios during the second
target elements of the same (S) serial compounds (A-X and B-Y)
and the different (D) serial compounds (A-Y and B-X).

the serial compounds on S and D test trials (pooled across
the two replications), are depicted in Figure 1. It is clear that
subjects responded at a higher rate on D than on S trials. An
analysis of responding during the second elements of the
compounds revealed an effect of trial type, F(1, 14) = 4.71,
no effect of replication, and no interaction between these
two factors (Fs < 1). The mean background rates of re-
sponding used to caiculate the elevation ratios were 2.03
responses per minute (RPM; Replication 1) and 1.40 RPM
(Replication 2) on S trials and 2.29 (Replication 1) and 0.97
RPM (Replication 2) on D trials. An analysis of the indi-
vidual scores on which these means were based revealed no
effect of stimulus type, no effect of replication, and no
interaction between these factors (Fs << 1).

Discussion

The results of Experiment 1 were clear-cut. Rats are less
likely to show conditioned responding during an auditory
target stimulus when it is presented after a visual cue that
had preceded it during training than when the target is
preceded by some other visual stimulus.

This outcome is that predicted by the associative-priming
theory (Wagner, 1981) outlined in the introduction. Most
theories of associative learning (e.g., Mackintosh, 1975;
Pearce & Hall, 1980; Rescorla & Wagner, 1972) allow that
during training associations would develop between the first
and second elements of the serial compounds, between A
and X and between B and Y. However, the fact that X, for
example, was more likely to elicit responding when it was
presented after B than when it was presented after A is
predicted only by Wagner’s (e.g., 1976, 1981) theory, with
its assumption that associative activation of the representa-
tion of X will make it a less effective CS.

Given the theoretical significance of the results of Exper-
iment 1, a second study was conducted in which we at-
tempted to establish the reliability of the results and to
extend the range of conditions under which they can be
found.
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Experiment 2

There were two groups of subjects in Experiment 2, the S
and the D groups. Both groups initially received the training
experienced by the subjects in Experiment 1. That is, they
were given presentations of two serial compounds, A-X and
B-Y, that signaled the arrival of food. Subsequently, subjects
in the S group simply received further reinforced training
with the A-X and B-Y compounds. The D group, on the
other hand, was given reinforced presentations of A-Y and
B-X. Experiment 2, therefore, differed from Experiment 1
in two respects. First, the comparison of interest, the level of
responding elicited when X, for example, was predicted by
A or was unsignaled and preceded by B, was between sub-
jects. Second, the test trials were reinforced in Experiment
2 and nonreinforced in Experiment 1. According to the
interpretation of the resuits of Experiment 1 based on Wag-
ner (1981), neither of these variables should influence the
outcome of the study. Accordingly, responding to the target
events during the test should be more vigorous in the D
group than in the S group, because in the latter group, the
presentation of X and Y will be predicted by A and B,
respectively, whereas in the former group this will not be so.

Method

Subjects and Apparatus

The subjects were 16 naive male hooded Lister rats that had a
mean ad lib weight of 379 g (range = 350415 g). The rats were
maintained at 80% of their free-feeding weights. The apparatus
was that used in Experiment 1.

Procedure

The initial stages of training were identical to those of Experi-
ment 1. Thus, in the first two sessions, subjects were trained to
collect food pellets from the food tray, and in the following eight
sessions, subjects received presentations of A-X and B-Y that
terminated in the delivery of food. Details of the training procedure
that have not been mentioned were identical to those of Experi-
ment 1.

During the test session, subjects in the S group continued to
receive reinforced training with the two serial compounds, A-X
and B-Y. Subjects in the D group were treated in an identical
fashion except that presentations of X were preceded by B, and
presentations of Y were preceded by A. Details of the test stage that
have not been mentioned were identical to those used during
training.

Results and Discussion

One subject failed to respond during the final session of
training and was, therefore, excluded from the study. Re-
sponding during the first elements (A and B) of the serial
compounds on the final session of training was similar in the
two groups. Thus, on the final session of training, the mean
elevation scores were 0.47 for the S group and 0.93 for the
D group. Analyses of the individual elevation scores on
which these means were based confirmed that the group’s
scores did not differ during the final day of training (F < 1).

Responding during the target elements (X and Y) of the
serial compounds, with mean elevation scores of 6.16 for S
group and 6.25 for the D group, also did not differ (F < 1)
during training. There was some tendency for subjects in the
D group to respond at a higher rate during the stimulus-free
periods (with a mean of 2.11 RPM) than subjects in the S
group (with a mean of 0.90 RPM), but this difference was
not statistically significant, F(1, 13) = 3.24.

During the test, subjects continued to respond at approx-
imately equivalent rates during the first elements of the
serial compounds. Thus, the mean elevation ratio in the S
group was 0.93, and the mean elevation ratio in the D group
was 0.87. Statistical analysis confirmed that these scores did
not differ (F < 1). The critical results from Experiment 2,
the level of responding during the second elements of the
compound stimuli, are shown in Figure 2. Statistical anal-
ysis confirmed the impression that subjects in the D group
were more likely to respond during X and Y than were
subjects in the S group, F(1, 13) = 5.24. The mean back-
ground rate of responding during the test session was 1.51
RPM for the S group and 1.37 RPM for the D group. These
scores did not differ (F < 1).

The results of Experiment 2 closely parallel those of
Experiment 1. In both, responding during a CS was less
evident when that CS was signaled by the cue that had
preceded it during training than when the CS was presented
after a different cue. Experiments 1 and 2 are, indeed, for-
mally identical, differing only in that Experiment 1 used a
within-subjects design and a nonreinforced test procedure
and Experiment 2 used a between-subjects design and a
reinforced test procedure. In Experiment 3 we return to the
procedures used in Experiment 1 to investigate the source of
the effect of interest in more detail.

Experiment 3

The results of Experiments 1 and 2 are consistent with
Wagner’s (1976, 1981) suggestion that a primed stimulus

12 r
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Figure 2. Experiment 2: Mean elevation ratios during the sec-
ond, target elements of the serial compounds for the same (S)
group (A-X and B-Y) and the different (D) group (A-Y and B-X).
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will be less effective than a surprising one. We should now
consider an alternative account that makes use of the phe-
nomenon of summation.

It is well established that if two CSs are presented simul-
taneously, they will elicit a larger CR than when one or other
of them is presented alone (e.g., Bellingham, Gillette-Bell-
ingham, & Kehoe, 1985). Such summation is usually ex-
plained by assuming that the magnitude of the CR depends
on the extent to which the US representation is being acti-
vated and by supposing that two CSs will activate the US
representation more successfully than will one CS. A form
of summation might be responsible for the results of Ex-
periments 1 and 2. It has already been argued that during
training, associations will develop between A and X and
between B and Y and that these associations will allow A to
activate a representation of X and B to activate one of Y.
This will mean that after A has been presented on a D test
trial, there will be two CS representations active, an asso-
ciatively accessed representation of X and a directly ac-
cessed representation of Y. On §$ trials, however, the asso-
ciatively accessed and directly accessed representations will
match, and only one CS representation will be active, that of
X. It is possible that such circumstances might result in
summation on D trials—any CR elicited by the associa-
tively accessed representation of X summating with the CR
elicited by Y.

This interpretation of the results of Experiments 1 and 2
is neither uninteresting nor inconsistent with Wagner’s
(1981) theory. The theory allows that the associatively ac-
cessed (A2) representation of a CS could result in a (rather
weak) CR; also, this CR might summate with the CR elic-
ited by another CS. However, this interpretation would not
require accepting the idea that X was any less capable of
eliciting a CR as a result of being signaled by A. In Exper-
iment 3, therefore, we attempted to establish whether the
effect that was observed in Experiments 1 and 2 will occur
when the potential for any contribution from such a sum-
mation effect has been removed.

There were two groups of rats in the experiment. One
group, the X+/Y+ group, received the same training as
subjects in Experiment 1: appetitive conditioning trials with
A-X and B-Y followed by S and D test trials. These subjects
can be expected to show more responding to the target on a
D trial (e.g., to X on a B-X trial) than on an S trial (e.g,,
A-X). If this effect is a consequence of summation in the
way just described, then it should be absent in a group that
had received the same initial training but with presentations
of B-Y not reinforced. In such a group (the X+/Y— group),
the representation of Y will have no CR-generating proper-
ties that are not already possessed by X—that is, any ten-
dency for Y to elicit responding will be the result of gen-
eralization from X. Consequently, the fact that a
representation of Y will be active on a D test trial would not
be expected to result in summation. If, however, the results
of Experiments 1 and 2 are instances of a priming effect,
then X should command more processing on a D than on an
S trial, and the CR should be greater on the former than the
latter trial types even in the X+/Y— group.

Method

The subjects were 16 naive male hooded Lister rats with a mean
ad lib weight of 407 g (range = 335-450 g). The rats were main-
tained in the same way as Experiments 1 and 2. The apparatus was
identical to that used in Experiments 1 and 2.

After magazine training, subjects received presentations of A-X
and of B-Y. In both groups, X+/Y+ and X+/Y~, the tone served as
X and the noise served as Y. In the former group, presentations of
X and Y were followed by the delivery of a food pellet, whereas in
the latter group only presentations of X were reinforced. In the test,
subjects received two presentations of X, one preceded by A (the
S trial) and the other preceded by B (the D trial). Half the subjects
in each group received the sequence SD, and the remainder were
given the sequence DS. Details of Experiment 3 that have not been
mentioned were identical to those described for Experiment 1.

Results

Subjects in both of the groups came to respond during the
reinforced compounds, A-X and B-Y, in the X+/Y+ group
and during A-X in the X+/Y- group. The mean elevation
ratios on the final pairs of trials on the last day of training
(pooling responding for first and second elements) were
5.26 during A-X trials and 5.22 on B-Y trials; these scores
did not differ (F < 1). Unsurprisingly, the X+/Y- group was
more likely to respond during A-X trials, with a mean score
of 6.83, than B-Y trials, with a mean score of 3.97, F(1, 7)
= 6.90. The background rates of responding during training
that were used to calculate these ratios, with means of 2.1
RPM for the X+/Y+ group and 1.03 RPM for the X+/Y-
group, did not differ, F(1, 14) = 2.04.

During the test, there was some tendency for subjects to
respond at a higher rate during the first element of the D
trial, with means of 8.64 for the X+/Y+ group and 4.27 for
the X+/Y— group, than the first element of the S trial, with
means of 4.23 and 1.57 for the X+/Y+ and X+/Y~ groups,
respectively. Statistical analysis showed that these differ-
ences were not statistically significant. An ANOVA with
group and trial type as the factors revealed no effect of
group, F(1, 14) = 1.56, no effect of trial type, and no
interaction between these factors (Fs < 1). In fact, the mean
of 8.64 was entirely a consequence of 1 subject’s score—on
removal of this subject’s score, the mean for the remaining
subjects was 2.69.

Figure 3 depicts the critical results from Experiment 3:
the levels of responding during X as a function of whether
X had been preceded by A or by B. For 1 subject in the
X+/Y~ group, the flap that covered the food tray became
jammed during the test session, and no scores were recorded
for this animal. This subject’s test scores were, therefore,
replaced with the mean scores for the rest of the group.
Figure 3 shows that the elevation scores were somewhat
lower in the X+/Y— group than in the X+/Y+ group but that
in both groups responding was more vigorous on the D trial
than on the S trial. Statistical analysis confirmed this im-
pression. An ANOVA with group and trial type (S or D)
revealed an effect of trial type, F(1, 14) = 4.19, p = .06, no
effect of group, and no interaction between these factors
(largest F = 1.28). A parallel analysis of the absolute re-
sponse rates during X revealed a similar pattern. Thus, the
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Figure 3. Experiment 3: Mean elevation ratios during the second
element, X, of the same (S) serial compound (A-X) and the dif-
ferent (D) serial compound (B-X) for the X+/Y+ and X+/Y-
groups. (Plus indicates delivery of a food pellet, and minus indi-
cates no reinforcement.)

X+/Y+ group was more likely to respond on the D trial, with
a mean of 11.75 RPM, than on the S trial, with a mean of
7.75 RPM, as was the X+/Y— group, with means of 9.71 and
4.57 RPM, respectively. An ANOVA confirmed that there
was a significant effect of trial type, F(1, 14) = 5.05, and
that there was no effect of group and no interaction between
group and trial type (Fs < 1).

The mean rates of responding used to calculate the ele-
vation ratios during the test were 1.98 and 2.25 for the S
trials in the X+/Y+ and X+/Y— groups, respectively; and
1.42 and 1.90 for the D trials in the X+/Y+ and X-+HY-
groups, respectively. Statistical analysis revealed no effect
of group or trial type and no interaction between these
factors (Fs < 1).

Discussion

The results of the X+/Y+ group confirm those of Exper-
iments 1 and 2. The CR to X was less vigorous when it was
signaled by a cue, A, that had also signaled it during train-
ing, than when X was presented after a cue, B, that had
preceded some other CS, Y, during training. The new re-
sults, for the X+/Y- group, allow a choice to be made
between rival explanations for this effect.

According to one interpretation, the effect depends on the
associative strength governed by Y. During training, a B-Y
association is likely to be formed. Responding might then be
more evident when X follows B than when it follows A,
because in the first case there could be two sources of
conditioned responding—that elicited by X and that elicited
by the associatively accessed representation of Y. Now the
X+/Y- group received the same training as the X+/Y+
group except that Y was not reinforced during training. For
these subjects, too, B may well become able to activate a
representation of Y, but this would not be expected to gen-
erate responding because Y would lack associative strength.
We found, however, that the test performance of the X+/Y—

group was very similar to that of the X+/Y+ group. We
conclude, therefore, that the effect seen in these subjects, in
the X+/Y+ group, and in the equivalent conditions of Ex-
periments 1 and 2 is better interpreted as reflecting a re-
duced ability in a CS to evoke its CR when it is expected on
the basis of a prime.

General Discussion

A recurring principle in Wagner’s theorizing (e.g., 1976,
1978, 1981) has been that surprising events are better able
to engage the processing mechanisms necessary for associ-
ation formation and for performance than are predicted
events. Blocking and the conditioned diminution of the UR
have been taken as demonstrating these effects for USs. The
context specificity of latent inhibition has been interpreted
as showing that an unexpected event is better able to acquire
strength as a CS than is an expected event. The results
reported here appear to be the first relatively direct demon-
stration that a CS that has been predicted is less effective at
evoking its CR than one that has not been predicted. After
conditioning with a serial compound, A-X, conditioned re-
sponding during X was less evident when X was preceded
by A than when it was preceded by B.

The theoretically neat pattern just outlined grows more
complex when experiments on the context specificity of
conditioned responding are considered. Latent inhibition
shows context specificity, it is argued, because an associa-
tion is formed between the context and the to-be-condi-
tioned stimulus during preexposure. This association means
that the stimulus will be primed by contextual cues during
conditioning and will thus be poor at forming an associa-
tion.

If a context-stimulus association can be formed during
latent inhibition training, then it seems reasonable to assume
that such an association, between context and CS, could also
be formed during reinforced training. It follows that after
conditioning, the CS will be primed by the context, and its
ability to elicit the CR will be restricted. Presenting the CS
in a different context should eliminate or attenuate this
negative-priming effect and, other things being equal, the
magnitude of the CR should be increased. As we have
already noted, however, this result has rarely been obtained;
if anything, a change of context tends to reduce the magni-
tude of the CR. Context specificity of the CR has been
observed in experiments that are not only formally identical
to those reported earlier but also make use of similar train-
ing procedures. For example, Hall and Honey (1989) gave
rats appetitive conditioning (as in the present experiments)
in which a series of clicks signaled food in one distinctive
context (A) and a different stimulus (darkness) signaled
food in a second context (B). When given the D test (Y in
A and X in B), the subjects showed a reduced level of
responding, not the increase seen in the studies that we
report here.

We can only speculate at this stage as to why these two
very similar experiments should produce such different
results—a negative-priming effect in this article and context
specificity of the CR in the experiments by Hall and Honey
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(1989). One clear difference between the two sets of studies
is that in the experiments reported here, the target cue (X)
was reliably predicted by the priming cue (A), the latter
occurring only immediately before the former. In the exper-
iments on context specificity, however, the contextual cues
(A) are often experienced in the absence of X—conditions
that are unlikely to be conducive to the development of
particularly powerful A-X and B-Y associations. The sug-
gestion that the negative-priming effect depends on the
strength of these associations carries with it the implication
that the likelihood of observing this effect will be reduced
under such conditions.

What this interpretation does not explain is why condi-
tions that degrade the contingency between A and X and
between B and Y should not merely abolish but actually
reverse the negative-priming effect, that is, produce context-
specific conditioned responding. One possibility is that
some quite different mechanism is responsible for context
specificity, a mechanism that might operate in all the train-
ing procedures considered here but will be able to show
itself only when conditions are such as to minimize the role
of associatively based negative priming. The obvious can-
didate for this mechanism is some form of conditional learn-
ing such as has been postulated to occur in occasion setting
{(e.g., Holland, 1983; see also Bouton, 1990; Hali, 1991).
Thus, in addition to forming the various direct associations
among the cues that are possible with our training proce-
dure, subjects may also learn some form of the rule X
predicts food if A is, or has just been, present. Animals in
possession of this sort of information might be more likely
to show responding to X in the presence of A than when A
is absent. It is worth noting that presentations of A alone,
although they will weaken the direct A-X associations, do
not violate the rule.

It may be thought unparsimonious to introduce two learn-
ing (or performance) principles here, an associative one to
deal with the negative-priming effect and a second, some
form of conditional learning, to accommodate context spec-
ificity. There is however, evidence from a rather different
source to support the suggestion. In a study of rats with
hippocampal lesions, Good and Honey (1991) demonstrated
that these animals showed a deficit in learning a conditional
discrimination in which Stimulus X was reinforced in Con-
text A but nonreinforced in Context B; they were, however,
unimpaired in learning a Pavlovian discrimination in which
food was delivered in Context A but not in Context B. The
implication of this result is that hippocampal rats possess the
mechanism that is responsible for the development of
context—stimulus associations but not the mechanism sub-
serving context-specific conditioning.

Finally, accepting that the context can function as a con-
ditional cue prompts a reconsideration of the evidence on
the context specificity of latent inhibition. This was inter-
preted by Wagner (1976) as being a priming effect depen-
dent on the direct association between the context and the
preexposed CS. However, an alternative (or additional)
source of the effect now becomes apparent. Latent inhibi-
tion might show context specificity because the preexposure
context acquires conditional, occasion-setting properties

(see Hall, 1991, for a full discussion of this suggestion).
Some evidence to support this alternative comes from the
observation that latent inhibition is able to survive a proce-
dure (in which the subject experiences the context in the
absence of the target stimulus) designed to weaken the
direct context-stimulus association (Hall & Minor, 1984).

These speculations aside, the results reported in this arti-
cle, coupled with those reported elsewhere, allow us to
conclude two things. The first is that there may well be a
variety of modulatory processes playing a role in determin-
ing the effectiveness of a given CS; the second is that among
these processes should be numbered a negative-priming ef-
fect that depends on the integrity of a direct association
between the CS and some other event that reliably predicts
it
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