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Excitatory and inhibitory learning with absent stimuli

Daniel S. Wheeler, Andrew Sherwood, and Peter C. Holland
Johns Hopkins University

Abstract

Three experiments show that two associatively-activated stimulus representations may engage in
excitatory or inhibitory learning, depending on their temporal relationship. Experiment 1a suggested
that simultaneously-activated stimulus representations show evidence of inhibitory learning in an
acquisition test. Experiment 1b showed similar evidence of inhibition in a summation test.
Experiment 2 found that activation of two stimulus representations in a serial compound resulted in
excitatory learning between the antecedent and the subsequent (forward), and inhibitory learning
between the subsequent and the antecedent (backward). The results show the dynamic influence of
temporal contiguity on mediated learning.

InaPavlovian conditioning situation, a stimulus that is repeatedly paired with an unconditioned
stimulus (US) comes to elicit a conditioned response. Learning theorists often assume that this
learning involves the formation of associations between this stimulus (the conditioned
stimulus, CS) and the US, such that subsequent presentations of the CS alone activate the
representation of the US. It is this associatively-activated representation that produces much
of the conditioned responding that is attributed to the CS. Although this concept is popular
among theories of learning, and throughout associative models in psychology, there is some
dispute concerning the properties possessed by associatively-activated stimulus
representations. They are often assumed to represent at least a portion of the directly-
experienced stimulus, but some theories suggest that an associatively-activated stimulus
representation may differ from its directly-activated counterpart in many ways.

Investigations conducted by Holland and colleagues elucidated some of the associative
properties possessed by associatively-activated stimulus representations. In a conditioned taste
aversion preparation with rats, Holland (1981) showed that a taste aversion can be learned in
a situation in which the taste CS and the illness-inducing US are never directly paired with
each other. Holland (1981, Exp. 1) first paired a tone with a flavored food, and later paired that
tone with an illness-inducing injection of LiCl. Rats that received this treatment showed an
aversion to the flavored food, compared to rats that received a similar treatment, but with
unpaired presentations of the tone and flavor or of the tone and LiCl. Holland (1981) asserted
that learning of the food aversion was mediated by the pairing of an associatively-activated
representation of that food with illness. There was no evidence of a directly-learned tone-LiCl
association, which might otherwise have mediated the expression of the food aversion by a
chain of food—tone and tone—illness associations. A related series of experiments conducted
by Holland and Forbes (1982) showed that a previously-established flavor aversion could be
extinguished if the flavor representation was associatively activated repeatedly in the absence
of the illness US. In their experiments, a flavor was first paired with a tone, and then paired
with LiCl. After this treatment, subsequent nonreinforced exposure to the tone produced
extinction of the taste aversion.
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Holland (1983) interpreted mediated acquisition and extinction as evidence that associatively-
activated representations share some associative properties with their directly-activated
counterparts. He suggested that an associatively-activated stimulus representation can form an
excitatory association with a directly-experienced US, which accounts for the mediated-
learning effect. Consistent with many traditional theories of direct extinction, Holland assumed
that mediated extinction is driven by activation of the absent US representation by the CS.
After these initial observations of mediated acquisition and extinction of aversions, Holland
(1983) also observed mediated overshadowing and potentiation of aversions, and other
researchers have observed mediated acquisition and extinction using different preparations
(e.g., Dwyer, 2001; Dwyer, Mackintosh, & Boakes, 1998; Ward-Robinson & Hall, 1996).

Studies conducted by Dwyer and colleagues have shown that an associatively-activated CS
can acquire excitatory strength not only when it is paired with a directly-experienced US, but
also when it is paired with an associatively-activated US (Dwyer, 1999, 2000, 2001; Dwyer et
al., 1998). This observation is well characterized by a conditioned taste preference experiment
conducted by Dwyer et al. (1998). In their Experiment 1, two groups of rats were given access
to a peppermint solution in one context, and an almond-sucrose solution in a second context.
After this exposure, one group was given access to an almond solution in the first context, and
the other group was given access to the almond solution in the second context. For subjects in
the former group, exposure to the first context should have activated a representation of
peppermint while exposure to almond activated a representation of sucrose. For subjects in the
latter group, only the representation of sucrose should have been associatively activated. A
subsequent consumption test revealed greater preference for peppermint in subjects that drank
the almond solution in the context that was first associated with peppermint. Thus, the
simultaneous activation of peppermint and sucrose representations appeared to produce
excitatory learning between the two stimuli.

Considering the underlying associative mechanisms, Dwyer et al.’s (1998) findings appear to
conflict with Holland and Forbes’s (1982) observation of mediated extinction. Specifically, a
number of learning theories suggest that extinction occurs when a directly-activated CS
representation is accompanied by an associatively-activated representation of an otherwise
absent US (e.g., Rescorla & Wagner, 1972; Wagner, 1981). These circumstances also generate
new inhibitory learning, which is generally accepted to underlie extinction, at least in part (e.g.,
Bouton, 2004; Calton, Mitchell, & Schachtman, 1996; Denniston & Miller, 2003; Myers &
Davis, 2002). In Holland and Forbes’s (1982) experiments, an associatively-activated CS
representation was extinguished. If extinction is a result of new inhibitory learning, and Holland
and Forbes’s extinction was produced by pairing associatively-activated representations of
both the CS and the US, then it must be assumed that inhibitory learning occurred between the
two associatively-activated representations. This account of mediated extinction contrasts with
Dwyer et al.’s observation of excitatory learning between two associatively-activated stimulus
representations. Holland & Forbes’s view is also inconsistent with studies of retrospective
revaluation that show an effect that is opposite to mediated extinction (e.g., Harris &
Westbrook, 1998). Thus, the question of whether learning that occurs between two
associatively-activated representations is excitatory or inhibitory remains open.

The experiments reported here were conducted to examine the nature of associations formed
between two associatively-activated stimulus representations. We entertained the hypothesis
that the nature of mediated learning may vary as a function of temporal contiguity, just as direct
learning between a CS and US may manifest as excitation or inhibition, depending on the
temporal arrangement of those events. To find common ground with the results of Dwyer and
his colleagues, the initial impetus was to demonstrate excitatory learning between two
associatively-activated representations. However, it will become apparent that excitatory
learning was not so easily obtained.
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In each of the following experiments, the representations of two neutral stimuli (a white noise
and a tone) were paired with each other, by presenting together previously-established visual
associates of those stimuli. The strength and nature of any association that was formed between
the two stimuli was assessed by pairing the tone with sucrose, and then testing the noise
stimulus. In this way, sensory preconditioning was used as a tool to diagnose the nature of
learning that occurred between the associatively-activated representations, with the assumption
that responding to noise would be based on a chain of associations between noise, tone, and
sucrose and that the tone-sucrose association would be approximately equal among training
groups.

Experiment la

Method

Experiment 1a examined the nature of associations acquired between two behaviorally neutral
events when their representations were simultaneously activated by their associates (see Table
1). In the first phase, all rats received pairings of a light CS (L1) with a tone, and pairings of
a second light CS (L2) with a noise. In the second phase, the rats in Group Paired received
simultaneous presentations of the two light CSs (L1+L2), whereas rats in Group Unpaired
received separate presentations of L1 and L2. Thus, the rats in Group Paired might have been
expected to receive pairings of tone and noise representations, whereas those in Group
Unpaired would not. Finally, any association between noise and tone was assessed in all rats
in a sensory-preconditioning procedure. All rats first received tone-sucrose pairings until the
tone elicited a substantial conditioned response. Then, appetitive responding to the noise was
assessed, first in a performance test of responding to the noise alone, and then in an acquisition
test in which the noise was directly paired with sucrose. This method was based on the
assumption that appetitive responding to the noise at test would be driven by excitatory noise-
tone and tone-sucrose associations. We expected that excitatory associations between noise
and tone in Group Paired would be revealed as more responding to the noise in the performance
test and/or more rapid acquisition of responding to the noise in the acquisition test, relative to
Group Unpaired.

Subjects—The subjects were 16 male Sprague-Dawley rats (Charles River Laboratories,
Raleigh, North Carolina), which weighed 300-325 g when they arrived in the laboratory
vivarium. Prior to experimental manipulations, the rats were divided into Groups Unpaired and
Paired (ns = 8). The rats were maintained for 1 week with ad-lib access to food and water in
individual cages before they were deprived to 85% of their ad-lib weights by limiting their
access to food to a single daily meal. The vivarium was illuminated from 6 a.m. to 8 p.m.

Apparatus—The behavioral training apparatus consisted of eight individual chambers (22.9
x 20.3 x 20.3 cm) with aluminum front and back walls, clear acrylic sides and top, and a floor
made of 0.48-cm stainless steel rods spaced 1.9 cm apart. A dimly illuminated liquid cup was
recessed in the center of one end wall. A 6-w lamp was mounted behind a jeweled lens on the
front panel, 10 cm above the food cup; illumination of this lamp served as one of the light CSs.
An infrared photocell placed just inside the food cup was polled (1 kHz) by computer circuitry
to measure food cup entry. Each chamber was enclosed in a sound-resistant shell. A 6-w house
light (which served as another light CS) and a speaker for delivering auditory stimuli was
mounted on the inside wall of the shell, 10 cm above the experimental chamber and even with
the end wall opposite the food. Each of the shells was enclosed in another sound-resistant shell;
ventilation fans mounted on the outer shells provided masking noise (70 dB).
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Procedure

Training procedure: In each of the four 64-min daily sessions of Phase 1, the rats received
four serial pairings of a 10-s presentation of L1 (an intermittent [4 Hz] illumination of the house
light or the steady illumination of the panel light, counterbalanced) with a 1,500-Hz 78-dB (C-
scale) tone, and four 10-s serial pairings of L2 (the other visual stimulus) with a 78-dB white
noise. In these and all of the serial pairings in this series of experiments, the onset or delivery
of the subsequent stimulus coincided with the termination of the antecedent stimulus. Next, in
each of two daily 64-min Phase 2 sessions, the rats in Group Paired received eight 10-s
presentations of a simultaneous compound of L1 and L2, and the rats in Group Unpaired
received eight presentations each of L1 and L2.

All rats were then trained to drink from the recessed liquid cup in two daily 64-min sessions,
each of which included 16 deliveries of the US, 0.3 ml of a 0.2-M sucrose solution. Next, all
rats received four daily 64-min Phase 3 sessions, each of which included eight serial pairings
of the tone with sucrose. Finally, responding to the noise was assessed in three daily 64-min

sessions. The first half of the first of these sessions comprised a performance test of responding
to the noise, consisting of four 10-s nonreinforced presentations of that CS. Twenty subsequent
serial noise-sucrose pairing trials (four in the second half of the first test session and eight in

each of the remaining two test sessions) provided an acquisition test of previously established
tone-noise associations. To the extent that the noise and tone were associated in Group Paired,
the noise would have access to tone-sucrose associations established in Phase 3 and so would
evoke more responding than the noise in Group Unpaired.

Response measures: The primary response measure was the elevation in food cup responding
produced by CSs over baseline responding. We recorded the percentage of time a rat spent
with its head in the food cup during the last 5 s of each 10-s CS, and during the 5-s empty
interval immediately before each CS, as indicated by disruption of the photocell beam. Previous
data (Holland, 1977, 2000) show that food cup behaviors during 10-s CSs are more prevalent
and less variable in the last 5 s of a 10-s cue. To reduce intra-group variability, elevation scores
were constructed by subtracting a rat’s pre-CS times from its CS times. Pre-CS responding did
not differ among the groups; we present those data in summary form as well. For purposes of
data presentation and statistical analysis, we combined data from individual trials to form half-
session (4-trial) blocks.

Results and discussion

Little food cup behavior was observed in Phases 1 and 2, which occurred prior to food cup

training. In Phase 3, the rats in Groups Paired and Unpaired acquired food cup responding in
similar fashion over the course of tone-sucrose pairings (Figure 1, panel a). The primary results
of Experiment 1a are those of the 3 test sessions (Figure 1, panel b). If excitatory associations
were formed between tone and noise in Group Paired as a result of the simultaneous activation
of noise and tone representations in Phase 2, then responding to the noise in these test sessions
might be expected to be greater in that group than in Group Unpaired. However, in the initial,
nonreinforced block of noise trials, the rats in Group Paired showed a nonsignificant tendency
to respond less than the rats in Group Unpaired. Furthermore, over the course of the remaining
five blocks of reinforced noise presentations, responding was significantly lower in Group

Paired than in Group Unpaired. The following statistical analyses support these observations.

First, to justify the use of elevation scores, we analyzed pre-CS responding. In Phase 3 training,
a group x trial blocks analysis of variance (ANOVA) showed a significant effect of blocks, F
(7, 98) = 2.65, p = .015, but no effect of groups, F(1, 14) = 0.28, p = .605. A significant group
x blocks interaction, F(7, 98) = 2.15, p =.045, reflected random variations among the sessions.
A similar analysis confined to the last block of training showed no significant effect of group,
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F(1, 14) = 0.10, p = .754. Mean (x SE) pre-CS responding was 11.7 + 4.5% in Group Paired
and 8.9 + 3.8% in Group Unpaired on this block. In the test phase, we analyzed pre-CS
responding separately for the initial nonreinforced block of trials, and the remaining 5
reinforced trial blocks. In the initial test block, mean pre-CS responding was 29.0 £ 7.5% in
Group Paired and 9.2 + 6.1% in Group Unpaired, but this difference was not statistically
significant, F(1, 14) = 4.15, p=.061. Over the remaining blocks of test trials, pre-CS responding
was similar in the two groups, with means of 12.4 + 2.5% in Group Paired and 8.9 £+ 3.8% in
Group Unpaired. A groups x blocks ANOVA of those pre-CS scores showed a significant
(declining) effect of blocks, F(4, 56) = 3.50, p = .013, but no effect of group, F(1, 14) = 1.32,
p =.269, and no group x blocks interaction, F(4, 56) = 1.10, p = .365.

The primary analyses were those of elevation scores. A groups x blocks ANOVA over the last
half of Phase 3 tone training showed a significant main effect of block, F(3, 42) = 4.58, p =.
007, but no effect of group or group x block interaction, Fs < 1, ps >.629. The noise elevation
scores from the nonreinforced test block did not differ between the groups, F(1, 14) = 0.67,
p = .428, but a groups x block ANOVA of elevation scores over the reinforced test sessions
showed significant effects of both group, F(1, 14) =5.27, p =.038, and blocks, F(4, 56) = 5.33,
p = .001. The group x blocks interaction was not significant, F(4, 56) = 0.72, p = .579.

The results of Experiment 1a were unexpected, and somewhat ambiguous. Clearly, the lower
responding in Group Paired relative to Group Unpaired does not provide strong evidence for
excitatory learning between two associatively-activated representations. Instead, retarded
responding in Group Paired suggests that the noise acquired some sort of inhibitory potential
with respect to sucrose in that group. However, it is possible that the training in the Group
Paired retarded acquisition of the noise-sucrose association in testing for a reason other than
inhibitory learning. If paired training produced a greater reduction in attention to the noise than
unpaired training, for example, then one would expect slower acquisition of the noise-sucrose
association (e.g., Lubow & Moore, 1959), regardless of the status of noise-tone associations.
Although there is no obvious reason to expect such an effect on attention, this possibility was
explored in Experiment 1b.

Experiment 1b

Method

Experiment 1b used a summation test to assess inhibition after the training regimen described
in Experiment 1a. By using Rescorla’s (1971) two-test strategy to assess inhibition, we sought
to determine whether weak responding observed in Experiment 1a was due to a reduction in
attention to the noise in Group Paired, or the expression of an inhibitory relationship between
noise and sucrose that might have been mediated by the tone. If the paired treatment merely
reduced attention to the noise, then the noise should have little impact when it is presented with
anexcitatory CS (i.e., the tone). Alternatively, if that treatment yielded an inhibitory association
between noise and sucrose, then the noise should reduce responding when it is presented
together with the tone.

Subjects and apparatus—The subjects were 16 naive rats similar to those used in
Experiment 1a, maintained in the same manner. The apparatus was that used in Experiment
la.

Procedure—The procedure was identical to Experiment 1a, except for the inclusion of a
tone-noise compound test instead of an acquisition test. After Phase 3 tone-sucrose pairings,
all subjects were administered a single 32-min test session with four simultaneous tone + noise
compound presentations, and four tone-alone presentations. The order of trials was NT, T, T,
NT, T, NT, NT, T.

J Exp Psychol Anim Behav Process. Author manuscript; available in PMC 2010 April 15.
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Results and discussion

As in Experiment 1a, acquisition of responding to the tone in Phase 3 was similar in the two
groups. Over the final half of training, mean elevation scores were 54.9 + 2.9% in Group Paired
and 55.8 + 3.4% in Group Unpaired. Figure 2 shows the results of the summation test. The
noise suppressed responding to the tone CS more in Group Paired than in Group Unpaired,
indicating that the noise was a conditioned inhibitor in Group Paired but not in Group Unpaired.
The following analyses support these assertions.

First, pre-CS responding did not differ across groups in either Phase 3 [11.9 + 2.3% in Group
Paired and 12.2 + 2.0% in Group Unpaired, F(1, 14) = 0.51. p = .487] or testing [4.3 + 1.7%
and 7.9 £ 4.0%, respectively, F(1, 14) = 0.657, p = .431.] Next, a group x blocks ANOVA of
elevation scores over the last half of Phase 3 training showed a significant effect of blocks, F
(3,42) =12.42, p <.001, but no effect of group, F(1, 14) =0.32, p = .581, or group x blocks
interaction, F(3, 42) = 1.91, p = .143. Most important, a group x cue (tone or noise + tone
compound) ANOVA of elevation scores during the test session showed an effect of cue, F(1,
14) = 64.86, p < .001, and a significant group x cue interaction, F(1, 14) = 36.39, p <.001, but
no effect of group, F = 0.00, p =.999. Contrasts using the Tukey’s honestly-significant
difference procedure showed that all individual comparisons were significant, ps <.004, except
for the comparison of tone and tone + noise responding in Group U, p = .503.

The inhibition observed in Experiments 1a and 1b was unexpected, but not inexplicable. In
designing Experiment 1a, we assumed that an excitatory association would form between noise
and tone, and that this association would be expressed as enhanced responding to noise after
the tone was paired with sucrose in Phase 3, as in standard sensory-preconditioning procedures.
If we view the present data within that framework, then we must assume that an inhibitory
association was formed between noise and tone in Phase 2, and that this association was
expressed as inhibitory potential between noise and sucrose after tone-sucrose pairings in Phase
3. According to this account, the inhibition exhibited by the noise is a sort of sensory-
preconditioned inhibition, like that observed by Espinet, Iraola, Bennett, and Mackintosh
(1995) in a conditioned taste aversion preparation. In their experiments, alternating exposure
of two flavor compounds that shared a common element (AX/BX) created inhibitory learning
between the unique elements (A and B). This inhibitory learning was evidenced by pairing A
with illness, and subsequently testing B for inhibitory potential. Notably, this effect has recently
been observed in an appetitive learning preparation similar to the one employed here (Espinet,
Gonzélez, & Balleine, 2004). The specific treatment used in Experiments 1a and 1b was
different from what was used by Espinet and colleagues, but the end result might have been
similar. Inhibitory learning might have developed between two neutral stimuli, becoming
apparent only when one stimulus is paired with a motivationally-significant outcome. One
potential objection to this interpretation is that it demands that simultaneous pairings of two
associatively-activated event representations resulted in inhibition. Although this possibility
may seem unlikely, there is evidence that simultaneous first-order conditioning can yield
inhibition after extensive training (e.g., Heth, 1976; Moscovitch & LoLordo, 1972). The results
of Experiments 1a and 1b might stand as an analogous situation in which simultaneous
activation of two representations led to a net inhibitory relationship.

Another account for these data is that inhibition developed between the noise and sucrose in
Phase 3. According to this interpretation, an excitatory association formed between noise and
tone in Phase 2, and an inhibitory association formed between the associatively-activated
representation of noise, and the directly-activated representation of sucrose, in Phase 3. This
interpretation can be derived from a modified version of Wagner’s (1981) SOP model of
learning. Although the original SOP did not assume that learning would occur between two
associatively-activated stimuli, Dickinson and Burke’s (1996; Aitken & Dickinson, 2005)
modified SOP (MSOP) assumes that excitatory associations will be formed between two
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associatively-activated representations and inhibitory associations will be formed between an
associatively-activated representation and a directly-activated representation. Applied to
Experiments 1a and 1b, MSOP states that Phase 2 learning results in an excitatory association
between the associatively-activated representations of noise and tone, but Phase 3 training
allows an inhibitory association to be formed between the associatively-activated noise
representation and the directly-activated sucrose representation. This explanation is similar to
MSOP’s account of backward blocking (e.g., Dickinson & Burke, 1996), but perhaps less
ambiguous, because in the current study the sucrose representation is not associatively
activated during the early trials of Phase 3.

Experiment 2

Method

In designing Experiment 2, we sought to compare the two accounts of Experiments 1a and 1b.
If, as in our first account, we assume that simultaneous activation of noise and tone
representations yielded inhibitory associations between those stimuli in Phase 2 of Experiments
la and 1b, then excitatory noise-tone learning might be more readily obtained if the noise
representation preceded the tone representation in a serial fashion. In contrast, if the tone
preceded the noise, one might expect inhibitory learning similar to that observed in
Experiments 1a and 1b. These expectations are based on the knowledge that consistent forward
CS—US pairings result in excitatory learning (e.g., Pavlov, 1927), whereas backward US—CS
conditioning typically results in the development of inhibition (e.g., Cole & Miller, 1999;
Chang, Blaisdell, & Miller, 2003; Delamater, Lolordo, & Sosa, 2003; Heth, 1976; Williams
& Overmier, 1988), often after a brief period of excitatory learning.

By contrast, within the MSOP account outlined previously, the temporal arrangement of noise
and tone in Phase 2 might have little effect on whether noise forms an excitatory or inhibitory
association with sucrose. In all cases, pairings of two associatively-activated event
representations would result in excitatory learning between those representations. Furthermore,
within this account, excitatory noise-tone learning that occurs in Phase 2 should only produce
inhibitory associations between noise and sucrose in Phase 3.

Experiment 2 was designed to dissociate these two accounts and potentially attain the original
goal of this series of experiments by demonstrating excitatory learning between associatively-
activated representations. In Experiment 2 we compared two different types of Phase 2 paired
treatments with an unpaired control (see Table 2). After L1—noise, L2—tone pairings as in
Phase 1 of Experiments 1a and 1b, the rats in Group Forward received Phase 2 training with
serial L1—L2 pairings, in which the noise representation should have been paired in a forward
fashion with the tone representation. In Group Backward, the order of the Phase 2 stimulus
presentations was reversed, so that the noise representation should have been paired with the
tone representation in a backward fashion. In Group Unpaired, L1 and L2 were presented
explicitly unpaired in Phase 2. Noise-tone learning was assessed with noise-alone and
noise—sucrose acquisition tests, as in Experiment 1a. If the associatively-activated
representations behave like their directly-activated counterparts, then forward pairings would
result in excitatory learning and backward pairings would result in inhibitory learning, relative
to the unpaired control condition. According to MSOP’s account of Experiments 1a and 1b,
Groups Forward and Backward might ultimately produce differing levels of inhibition between
noise and sucrose, but neither should produce net excitation.

Subjects and apparatus—The subjects were 24 naive rats similar to those used in
Experiments 1a and 1b, maintained in the same manner. The rats were divided into three groups
(ns = 8). The apparatus was that used in Experiments 1a and 1b.
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Procedure—The procedures were identical to those of Experiment 1a, except that in Phase
2, the rats in Group Forward received serial L1—L2 pairings and the rats in Group Backward
received L2—L1 pairings, rather than simultaneous L1+L2 presentations. In each compound
trial, the onset of one visual stimulus occurred at the termination of the other. The rats in Group
Unpaired were trained in the identical fashion as the rats in Group Unpaired in Experiment 1a.
The rats were tested as in Experiment 1a.

Results and discussion

As in Experiments 1a and 1b, Phase 3 tone training progressed similarly for the three groups.
Over the last half of Phase 3 training, the mean elevation scores were 51.5 + 7.9%, 56.9 + 6.5%,
and 57.7 + 4.7% in Groups Forward, Unpaired, and Backward, respectively. Most important
(Figure 3), during both the nonreinforced test block and subsequent training blocks, elevation
scores were greater in Group Forward than in the other 2 groups. Furthermore, over the course
of reinforced training, Group Backward showed less responding than either of the other two
groups. Thus, forward pairings of two associatively-activated event representations in Phase
2 apparently produced excitatory associations between those representations, and backward
pairings produced inhibitory associations.

As in Experiments 1a and 1b, analyses of pre-CS responding revealed no significant group
differences in either tone training or noise testing phases. Over the last half of Phase 3 training,
mean pre-CS responding was 10.6 + 2.2%, 7.6 + 1.6%, and 6.3 + 1.4%, in Groups Forward,
Unpaired, and Backward, respectively, F(2, 21) = 1.58, p =.230. In the initial test block, mean
pre-CS responding was 7.8 + 2.2%, 10.2 + 2.7%, and 7.0 £ 2.2% in those groups, F(2, 21) =
0.515, p = .605. Over the remaining 5 reinforced test blocks, pre-CS responding was similar
in the three groups, with means of 4.2 £ 0.6%, 10.0 = 3.0%, and 8.6 = 2.0% in Groups Forward,
Unpaired, and Backward, respectively. A groups x blocks ANOVA showed a significant effect
of blocks, F(4, 84) = 5.33, p <.001, but no effect of group, F(2, 21) = 2.11, p = .146, and no
group x blocks interaction, F(4, 84) = 1.41, p = .206.

A group x blocks ANOVA of tone elevation scores over the last half of Phase 3 showed an
effect of blocks, F(3, 63) = 10.46, p <.001, but no effect of group or group x blocks interaction,
Fs <1, ps>.762. A one-way analysis of noise elevation scores in the nonreinforced test block
showed a significant effect of group, F(2, 21) = 4.71, p = .020. Planned comparisons (using
the pooled error term) confirmed that Group Forward showed higher responding to noise than
either Group Unpaired, p = .032, or Group Backward, p =.008, but responding in Group
Backward was not detectably lower than in Group Unpaired, p = .554. A group x block
ANOVA of the elevation scores in the acquisition test revealed significant effects of group, F
(2,21) = 13.29, p < .001, and block, F(4, 84) = 69.18, p < .001, as well as the interaction
between those two variables, F(8, 84) = 3.71, p <.001. Planned comparisons showed that each
group differed significantly from each other group, ps <.044. Thus, relative to Group Unpaired,
the acquisition test revealed excitatory learning in Group Forward and inhibitory learning in
Group Backward.

The observation of both excitatory and inhibitory learning in Experiment 2 favors the idea that
learning about two associatively-activated representations may be excitatory or inhibitory
depending on the temporal relationship of the two associatively-activated representations.
Similar to direct-learning situations, forward pairings yielded excitatory learning and backward
pairings yielded inhibitory learning. MSOP, which provided an alternative account of
Experiments 1a and 1b, correctly predicted inhibition in Group Backward, but incorrectly
predicted that inhibition would also be apparent in Group Forward. Even if the temporal
arrangement of tone and noise representations in Phase 2 caused differing levels of noise-tone
excitation, the end result according to MSOP could only be differing levels of noise-sucrose
inhibition, not noise-sucrose excitation.
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Miller and colleague’s temporal coding hypothesis (e.g., Savastano & Miller, 1998) accurately
predicts the results of Experiment 2. According to their theory, contiguity is sufficient to form
associations, these associations include information about temporal relationships, the temporal
information affects the nature of responding, and animals may integrate separate temporal maps
that contain common stimuli. Applied to Experiment 2, the temporal coding hypothesis
suggests that noise would have a predictive relationship with sucrose in Group Forward because
noise precedes tone, which precedes sucrose. In Group Backward, the noise has a simultaneous
relationship with sucrose (or backward considering the relative durations of the noise and
sucrose stimuli) because the tone precedes both noise and sucrose. Thus, the temporal coding
hypothesis could anticipate excitatory responding in Group Forward and inhibitory responding
in Group Backward. However, the temporal coding hypothesis does not predict the results of
Experiments 1a and 1b. In the Paired groups of those experiments, noise had a net predictive
relationship with sucrose because it shared a simultaneous relationship with tone, which shared
a serial relationship with sucrose. According to the temporal coding hypothesis, this should be
expressed as excitation, regardless of the fact that the noise-tone relationship was not predictive
(e.g., Cole, Barnet, & Miller, 1995).

General Discussion

The present data suggest that associatively-activated representations may enter into
associations with each other, and that the nature of those associations may vary according to
similar parameters that guide the formation of associations between directly-experienced
stimuli. In Experiments 1a and 1b, simultaneous pairings of tone and noise representations
followed by tone-sucrose pairings produced inhibitory potential in the noise stimulus. This
inhibition could have been produced by inhibitory noise-tone learning in Phase 2, or by
inhibitory noise-sucrose learning in Phase 3, as predicted by MSOP. In Experiment 2, backward
pairings also produced inhibitory learning, but forward pairings produced excitatory learning.
MSOP failed to account this result, because it does not simultaneously predict the excitation
apparent in Group Forward and the inhibition apparent in Group Backward. Taken together,
Experiments 1a, 1b, and 2 are more consistent with the idea that mediated learning produces
net excitation or inhibition depending on the temporal relationship of the associates. Backward
or simultaneous pairings can produce inhibition in both direct- and mediated-learning
situations, whereas forward pairings produce excitation. These results demonstrate flexibility
in representation-mediated conditioning, and raise basic theoretical issues concerning the
conditions that support excitatory and inhibitory learning.

Although the empirical generalization that associations formed among associatively-activated
event representations mimic those formed among directly-activated representations describes
our data, it can not stand on equal footing with models such as MSOP, because it provides no
mechanism by which excitatory or inhibitory learning occurs among associatively-activated
event representations, nor how temporal contiguity influences that learning. On the surface at
least, our findings may be more readily integrated into Harris’s (2006) recent elemental model
of learning, which allows for both excitatory and inhibitory learning between associatively-
activated CSs and USs based on the level of activation achieved by the US representation.
Within that model CSs and USs enter into associations as representational elements. These
representational elements are activated when a stimulus is presented, but they must compete
with other elements for activation into a limited-capacity attention buffer. For CSs, activation
into the attention buffer enhances acquisition and extinction, but learning will still occur for
elements that are activated outside the buffer, albeit at a slower rate. For US elements, the level
of activation dictates the nature of learning. US elements support excitatory learning when they
are activated into the attention buffer, and inhibitory learning when they are activated outside
of the buffer. Applied to the present studies, if we allow the noise to take the role of the CS
and the tone to take the role of the US, then inhibitory learning would occur between the two
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if the tone elements were activated outside of the attention buffer, regardless of the level of
activation of the noise elements. If the tone elements were activated into the attention buffer,
then excitatory noise-tone learning would have occurred. Without a formal implementation, it
is difficult to determine whether this model would predict the present results a priori, but some
critical factors can still be identified. Depending on the capacity of the attention buffer,
simultaneous L1L2 presentations in Experiments 1a and 1b might prevent tone elements from
entering the buffer resulting in net inhibition between the noise and tone. Depending on the
threshold of the attention buffer and the strength of activation of tone elements, serial forward
presentations may alleviate some of the competition for attention, which could allow more tone
elements to enter into the buffer. Serial backward presentations would produce similar
activation, but the tone elements may decay out of the attention buffer before the tone is
presented, depending upon the rate of decay.

Even in the context of the present data, the assertion of comparability between learning about
directly- and associatively-activated event representations may be flawed. It is quite likely that
the associative properties of indirectly-activated representations are not exactly like their
directly-experienced counterparts. For example, in Experiments 1a and 1b inhibitory noise-
tone learning was expressed after associatively-activated representations of noise and tone were
simultaneously paired, and tone was later paired with food. Although we noted that many
investigators have observed inhibitory learning when CS and US are presented simultaneously
for many trials, we do not know if simultaneous direct presentations of noise and tone would
produce evidence for inhibitory learning in a sensory preconditioning design such as that of
Experiments 1a and 1b. This treatment might be viewed as a feature-negative training, which
can result in net inhibition, but rarely does so when the nonreinforced compound trials entirely
precede the reinforced trials. This form of phasic conditioned inhibition has been observed,
but typically involves some sort of preexposure to the US (or outcome) through direct
experience or instruction in those cases that involve human subjects (e.g., Amundson, Wheeler,
& Miller, 2005; Chapman, 1991). Instead, it is probably more reasonable to anticipate
excitatory sensory preconditioning (e.g., Rescorla, 1980; but see Holland & Ross, 1983;
Thompson, 1972) in a direct-learning situation analogous to Experiments 1a and 1b, which
indeed was our original expectation when designing Experiment 1a. Thus, the experiments
presented here do show that mediated learning is sensitive to temporal contiguity, but it is not
necessarily prudent to accept the strong assertion that mediated learning shares a one-to-one
relationship with direct learning (also see Holland, 1983, 2006).

The results presented here are difficult to reconcile with Dwyer’s (2001) findings. In
Experiments 3 and 4 of his series, excitatory learning between associatively-activated flavor
and illness representations was more apt to occur if the representations were activated in a
simultaneous compound rather than a serial compound. In fact, when the representations were
activated in a serial compound, there was no evidence of any mediated learning. In our
Experiments 1a and 1b, inhibitory learning occurred between two simultaneously-activated
representations. Furthermore, in Experiment 2 excitatory learning occurred when the two
representations were activated in a serial compound fashion. Prima facie, these results
obviously stand in contrast to Dwyer’s. There are many differences between the two paradigms
that could explain the discrepancy in the findings. Perhaps learning situations that involve
discrete and relatively short cues are more sensitive to temporal relationships relative to
situations involving extended exposure to diffuse contextual, gustatory, and visceral cues.
Alternatively, the two different paradigms could engage different underlying mechanisms. For
example, Dwyer (2003) indicated that simultaneous pairings of flavor and illness
representations might engage the same processes that are involved in flavor-flavor taste
aversion learning. He suggests that these processes are especially sensitive to temporal
contiguity, such that little learning is observed if temporal contiguity is noticeably degraded.
Itis possible that the different effects of simultaneous conditioning observed here and by Dwyer
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reflect differences that are not specific to mediated learning, but are also apparent in direct-
learning situations that involve these different procedures. Finally, our design was embedded
withing a sensory-preconditioning preparation, which is known to differ in systematic ways
from first-order conditioning situations (e.g., Miller & Matute, 1996). We are currently
conducting research to determine whether the present observations are limited to sensory-
preconditioning situations.

More research needs to be conducted to determine the associative rules that govern mediated
learning in order to integrate the outcomes observed by different researchers. The present
results suggest that learning between absent stimuli does not always result in excitatory
associations (e.g., Dickinson & Burke, 1996), nor does it always produce inhibitory
associations (e.g., Holland, 1983). Any comprehensive explanation of mediated learning will
need to allow for dynamic processing of associatively-activated stimuli in order to account for
changes in learning that can occur with shifts in variables such as temporal contiguity.
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Figure 1.

Experiment 1a: (a) tone training and (b) noise test. The points depict elevation scores in
response to tone in Phase 3 and the noise at test. The data are presented as 4-trial blocks. The
noise test included one block of nonreinforced test trials (T) and the acquisition test trials (1-
5). The error bars depict the standard error of the means.
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Experiment 1b. The bars depict elevation scores in response to noise and the noise-tone
compound. The data are presented as 4-trial blocks. The error bars depict the standard error of
the means.
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Figure 3.

Experiment 2. The points depict elevation scores in response to noise. The data are presented
as 4-trial blocks from the nonreinforced test trials (T) and the acquisition test trials (1-5). The
error bars depict the standard error of the means.
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