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Abstract

Amphetamine has been shown previously to increase the apportioning of associative strength to weak predictors in appetitive Pavlovian
conditioning procedures such as latent inhibition and overshadowing. Manipulating the likelihood with which different conditioned stimuli (CSs)
predict subsequent delivery of an unconditioned stimulus (UCS) is an alternative method by which the associability of CSs can be influenced. The
present experiment tested effects of D-amphetamine (0.5 mg/kg or 1.5 mg/kg administered 15 min prior to conditioning) in appetitive acquisition
under partial versus continuous reinforcement of alternative CSs with sucrose pellet UCS delivery. Specifically, male Wistar rats were conditioned
to light and tone CSs that were followed by the UCS on 100% or 50% of trials in a cross-over design. It was predicted that amphetamine would
disrupt rats' ability to select appropriately the most valid CSs for learning which would be expressed as increased conditioning to weaker, 50%
valid CSs. Contrary to prediction, differential responding based on relative validity was preserved under amphetamine, for both light and tone
stimuli. Instead, the results showed that responding to light CSs was generally reduced under amphetamine. Conditioning to tone CSs was higher
and unaffected by amphetamine. Thus, results demonstrate that amphetamine effects are determined by the properties of the CS used for learning.
© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

For people with schizophrenia, weak predictors present in
the environment can become abnormally salient (Gray, 1995,
2004; Kapur, 2003) with the consequence that selective learning
is disrupted. It is thought that dysfunction of the dopamine (DA)
system, in particular nucleus accumbens (n.acc), underpins this
disruption. Accordingly, the role of DA in aberrant learning has
been tested in a variety of selective learning tasks that present
weaker and stronger cues experimentally. The salience of the
learning cue can be manipulated by a variety of means e.g., by
rendering the cue irrelevant or redundant (as in latent inhibition
(LI) and blocking, respectively), removing it in time from the
Abbreviations: CS, conditioned stimulus; DA, dopamine; ITI, inter-trial
interval; LI, latent inhibition; n.acc, nucleus accumbens; UCS, unconditioned
stimulus.
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outcome to be predicted (trace conditioning), or pairing with a
physically more salient cue (overshadowing).

Results from aversive selective learning tasks consistently
demonstrate that the indirect DA agonist amphetamine increases
learning about weak predictors, including context (e.g., Norman
and Cassaday, 2003; Ohad et al., 1987; O'Tuathaigh and Moran,
2002, 2004; Solomon et al., 1981; Weiner et al., 1981, 1988).
Appetitive task variants are less commonly tested and effects
across motivational variants are not necessarily symmetrical.
However, there is some evidence to show that amphetamine
similarly increases learning about weak cues in appetitive tasks
(Killcross et al., 1994; Norman and Cassaday, 2004), including
those that place CSs in direct competition with each other for
associative strength as is the case in overshadowing
(Horsley et al., 2008). In this laboratory we have seen this effect
of amphetamine: increased conditioning to a stimulus that
normally would not support learning, when that stimulus has
been a light (Horsley et al., 2008; Norman and Cassaday, 2004).
By contrast, in an appetitive trace conditioning procedure, three
indirect DA agonists (including amphetamine), progressively
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focused responding to a contiguously conditioned noise CS,
whereas there was no increase in conditioning to a noise stimulus
that was of reduced salience due to the introduction of a trace
interval (Cassaday et al., 2008).

Another method by which salience is reduced is by de-
creasing the likelihood with which conditioned stimulus (CS)
presentation is followed by unconditioned stimulus (UCS)
delivery. Decreased contingency between the CS and UCS
(in comparison to other available CSs) reduces what Wagner
(1969) has termed the relative validity of the CS. Partial re-
inforcement is an established method to manipulate the validity
of a CS relative to an alternative continuously reinforced CS
(Wagner et al., 1968). In both aversive and appetitive classical
Pavlovian procedures, reducing the validity of the CS through
partial reinforcement typically reduces conditioning to that CS
(Gottlieb, 2005; Tanner et al., 1987).

The procedure used here presents two CSs that are in com-
petition with each other for associative strength over the course of
the conditioning session. The salience of the competing CSs is
manipulated by following each with the UCS on either 50%
or 100% of trials in an on-the-baseline one-stage appetitive
procedure. Whilst effects of DA-ergic drugs and lesions have
been investigated extensively in selective learning tasks such as
LI, blocking and trace conditioning, the role of DA has been little
investigated with respect to its involvement in processing
associative learning cues that differ in relative validity because
of the reinforcement schedule in use. There are, to our knowledge,
no studies of amphetamine effects on CS conditioning in
Pavlovian relative validity tasks.

Learning about the context in which conditioning occurs
is sensitive to effects of DA-ergic drugs and lesions (e.g.,
Cassaday et al., 2005a,b; Norman and Cassaday, 2004). In the
present appetitive study, we therefore tested amphetamine
effects on relative validity (manipulated in this case by partial
reinforcement) using both lights and tones as alternative CSs.
The measure of conditioning takes into account possible effects
related to contextual conditioning by calculating it as a percen-
tage of all other responding across the session, including the
Pre-CS and ITI, as well as assessing effects in these response
bins individually.

Two dosage levels of amphetamine were tested. 0.5 mg/kg and
1.5 mg/kg were selected on the basis that these doses, whilst not
entirely selective, are thought to increase DA in the striatum,
which includes the n.acc (Kuczenski, 1983). In addition,
comparable doses have been shown previously to be effective
in appetitive LI (e.g., Killcross et al., 1994), and overshadowing
(Horsley et al., 2008). Thus following on from the well-
documented role of the DA system in both aversive and appetitive
selective learningwe test the general prediction that amphetamine
should increase conditioning to a less salient, 50% valid CS.

2. Methods

2.1. Animals

On arrival in the laboratory, 48 naïve male Wistar rats were
given free access to food and water and were handled daily for a
minimum of two weeks. Throughout, animals were caged in
pairs on a 12:12 h light/dark cycle and tested during the light
phase. All testing was conducted between 9 am and 6 pm. Rats
were food deprived, receiving a basic ration of 5 g per 100 g of
body weight (up to a maximum of 20 g per rat per day), that was
adjusted to allow further weight gain in rats of below average
weight. Water was available ad libitum in the home cage
throughout the duration of the experiment. The rats weighed
between 242 g and 300 g at the start of the experiment.

All procedures were carried out in accordance with the
United Kingdom Animals Scientific Procedures Act 1986,
Project Licence number PPL 40/2648.

2.2. Drugs

D-amphetamine (Sigma Aldrich, Dorset, UK) was dissolved
in physiological saline and injected in 1 ml/kg body weight, at
doses 0.5 mg/kg and 1.5 mg/kg i.p. Control rats received an
injection of saline at equivalent volume. A sensitising injection
of AMP or saline to the control group was given to the rats in the
home cage the day before acquisition commenced. The purpose
of this was to ensure that the animals would be sensitised to
amphetamine during the first session of acquisition so that drug
treatment would be effective from the start of conditioning
(Norman and Cassaday, 2003).

Rats were injected according to the same schedule each day,
15 min prior to each conditioning session.

2.3. Apparatus

Six identical fully automated conditioning chambers, housed
within sound-attenuating cases containing ventilation fans
(Cambridge Cognition, Cambridge, UK) were used. Each of
the inner conditioning chambers consisted of a plain steel box
(25×25×22 cm high) with a Plexiglas door (19×27 cm) at the
front. The floor was a shock grid with steel bars 1 cm apart and
1 cm above the lip of a 7 cm deep sawdust tray. Mounted in one
wall were 2 retracted levers (not used), three stimulus lights and
a recessed food magazine. The food magazine was constantly
illuminated whenever food was available. Access to the maga-
zine was via a magazine flap. Magazine entries were recorded
by the breaking of the photo beam within the food magazine.
The UCS consisted of one 45 mg sucrose pellet dispensed
into the magazine (Formula F, Noyes Precision Food, New
Hampshire, UK). A loudspeaker for the presentation of
auditory stimuli and a single house light were set into the
ceiling of the chamber. Stimulus control and data collection
was by an Acorn Archimedes RISC computer programmed in
Basic with additional interfacing using an Arachnid extension
(Cambridge Cognition).

2.4. Stimuli

Two experimental stimuli were used as predictors of food
delivery. Rats received a 5 s flashing light (three wall mounted
stimulus lights and the house light, flash rate (on/off) 0.5 s) and
a 5 s tone (70 dB(A) via a loudspeaker inset on the roof of the
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chamber) as predictors of food. The tone CS was used to set up
the light CS as more or less valid, and vice versa, thus a cross-
over design was used such that one group of rats received a tone
that was 100% valid and a light that was 50% valid and another
group received a light that was 100% valid and a tone that was
50% valid. To allow for salience differences inherent in the light
and tone stimuli used, statistical comparisons were made within
stimulus type (e.g., 50% light versus 100% light).

2.5. Procedures

Allocation to drug and behavioural groups was counter-
balanced across the 6 conditioning chambers. Acquisition was
then conducted over 10 days.

2.5.1. Pre-conditioning
Rats were first given two days home cage exposure to sucrose

reward pellets. This was followed by two days of magazine
training: on day one, rats were presented with five sucrose
deliveries (single 45 mg sucrose pellet) in 5 min on a variable
interval schedule. The foodmagazine flapwas propped openwith a
pre-load of pellets. On day two, the rats were again given five
sucrose pellet deliveries in the five minute session, but this time
with no pre-load. Rats that failed to enter the food magazine over
the two sessions were given extra magazine training, until they
entered themagazine a sufficient number of times to receive all five
deliveries of sucrose pellets. Magazine training was followed by
two days of pre-conditioning baseline, during which there were 10
unsignalled rewards in 10 min, delivered on a variable interval
schedule. The total number of magazine entries was recorded and
analysed to check for pre-existing differences in response rates. No
experimental stimuli were presented in this phase.

2.5.2. Acquisition
Rats received 10 days of acquisition; during this phase

the light and tone CSs (50% versus 100% valid) signalled
subsequent sucrose pellet delivery. Rats received 12 CS
presentations in 30 min, six of one stimulus that was always
followed by the UCS (100% valid), and six of the alternative
stimulus, only three of which were followed by the UCS (50%
valid). Conditioning trials were presented throughout the
sessions on a variable interval schedule.

The dependent variables were the number of nose pokes in the
following response bins: 5 s prior to the CS (Pre-CS responding);
during the 5 s of the CS; and in the remainder of the session (ITI).
Since there is general agreement that DA is involved in the
processing of rewards and evidence suggests that DA is released
in response to both appetitive UCSs and CSs (DiChiara, 1998;
Hernandez and Hoebel, 1988; Robbins and Everitt, 1996; Young
et al., 1992) we also measured responding in the 5 s following
delivery of the sucrose pellet UCS (UCS responding) in order to
distinguish effects that could be mediated unconditionally.

2.6. Design and statistics

The experiment itself was run within subjects (all rats
receiving both 50% and 100% valid CSs). However, in order to
control for stimulus type the analysis was run between subjects.
Therefore, the experiment was set up with six experimental
groups (n=8) run in an independent 3×2 factorial design, with
Drug (at levels saline, 0.5 mg/kg and 1.5 mg/kg) and Validity (at
levels 50% and 100%) as between subjects factors. To assess
effects over the course of acquisition, Days was included as a
repeated measures factor. The dependent variable was in each
case the number of magazine entries. For acquisition, magazine
entries were calculated as the number of magazine entries per
trial for the relevant response bin (Pre-CS, UCS, and ITI) with
the exception of CS responding which was calculated as
a percentage of overall responding (including response
bins related to the alternative CS) over the conditioning session
(%CS). We required a measure of CS responding that would be
directly comparable to our earlier work that adjusts for non-
target CS responding over the entire session, including response
bins in which motivationally salient stimuli are presented, that
is, the UCS and (here) the alternate CS. There was one
exclusion on the %CS responding measure, due to division by
zero. In addition, four rats' data were excluded from the analysis
because the animals failed to enter the magazine a sufficient
number of times to collect all the sucrose pellet rewards on more
than 50% of conditioning sessions. Following exclusions,
the group sizes for the light analyses were as follows: saline
50%=8, saline 100%=6; 0.5 mg/kg amphetamine 50%,=7,
0.5 mg/kg amphetamine 100%=8; 1.5 mg/kg amphetamine
50%=6, 1.5 mg/kg amphetamine 100%=8. Group sizes for the
tone analyses were: saline 50%=6, saline 100%=8; 0.5 mg/kg
amphetamine 50%=8, 0.5 mg/kg amphetamine 100%=7;
1.5 mg/kg amphetamine 50%=8, 1.5 mg/kg amphetamine
100%=6. Statistical analyses were conducted using Analysis of
Variance with alpha set at 0.05.

3. Results

Separate analyses were conducted for 50% valid light versus
100% valid light and 50% valid tone versus 100% valid tone.
The dependent variables of interest, %CS responding to light
and %CS responding to tone are reported in detail separately.
Reporting of all other results is collapsed across the two
analyses.

3.1. Pre-conditioning baseline responding

The groups were well matched prior to acquisition: there was
no effect for Future Drug or Validity group allocation either
independently, or in interaction with Days, nor was Days itself
significant [maximum F(2,39)=1.29].

3.2. Acquisition

3.2.1. Pre-CS: light and tone
As expected, in the Pre-CS of each analysis there was a

significant overall effect for Days manifested as a reduction in
responding as acquisition progressed [minimum F(9,342)=
2.85, pb0.005]. In neither analysis were there any significant
effects for Drug or Validity either independently or in interaction



Table 1
Responding under amphetamine (AMP) measured during the Pre-CS, UCS and ITI, collapsed over Days

Pre-CS UCS ITI

Light Tone Light Tone

50% 100% 50% 100% 50% 100% 50% 100%

Saline 3.79 (0.78) 3.08 (0.39) 2.74 (0.26) 3.99 (0.54) 8.97 (0.62) 8.37 (0.96) 8.78 (0.93) 7.37 (0.66) 178.90 (19.90)
0.5 mg/kg AMP 2.55 (0.60) 3.09 (0.61) 2.48 (0.54) 2.85 (0.64) 7.81 (0.93) 8.62 (1.05) 8.85 (0.98) 8.65 (0.59) 163.05 (20.65)
1.5 mg/kg AMP 4.04 (0.79) 3.65 (0.73) 3.39 (0.57) 3.58 (0.96) 7.21 (0.62) 9.88 (1.07) 8.65 (1.28) 9.73 (0.70) 178.84 (25.19)

For Pre-CS and UCS mean responding per 5 s response bin is shown. ITI is calculated as total inter-trial responding in the session outside Pre-CS, UCS and CS
response bins. Data are broken down by Validity (light or tone CS paired with food deliveries either on 50% or 100% of trials) and AMP treatment at doses 0.5 mg/kg,
1.5 mg/kg versus saline. Numbers in brackets show the standard errors of the mean for approximate between groups comparisons.
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with Days [maximum F(9,342)=1.60]. Therefore, the general
levels of responding immediately prior to stimulus presentations
were equivalent between conditions (see Table 1).

3.2.2. %CS responding to the light
As expected, there was a significant effect for Days,

manifested as a progressive increase in %CS responding as
acquisition progressed [F(9,333)=18.17, pb0.001]. There was
a significant effect for Validity [F(1,37)=41.07, pb0.001],
which reflected superior conditioning overall to 100% valid light
CS [mean=4.42] compared to 50% valid light CS [mean=1.47].
This difference developed over the course of acquisition shown
as a significant Validity×Days interaction [F(9,333)=7.05,
pb0.001].

Amphetamine generally reduced responding, shown as a
significant main effect of Drug [F(2,37)=7.22, pb0.005]. The
Drug×Validity interaction was not significant [F(2,37)=2.72,
p=0.079] see Fig. 1. Thus amphetamine did not affect the
apportioning of associative strength between 50% and 100%
Fig. 1. Acquisition under amphetamine (AMP), measured as mean % magazine entrie
deliveries either on 50% or 100% of trials. AMP treatment refers to drug treatment at d
of the mean for approximate between groups comparisons.
valid CSs. No other interactions were significant [maximum
F(2,37)=2.79].

3.2.3. %CS responding to the tone
There was a significant effect of Days that reflected a

progressive increase in responding over the course of acquisi-
tion [F(9,333)=28.32, pb0.001]. There was again a significant
effect of Validity: overall rats responded more to the 100% valid
tone CS than to the 50% valid tone CS [F(1,37)=4.05,
p=0.05]. There was no sign of any interaction between Drug
and Validity [maximum F(9,333)=1.57]. However, Fig. 1
shows that the relative validity effect was, if anything, increased
rather than decreased under amphetamine. No other interactions
were significant [maximum F(18,333)=1.59].

3.2.4. UCS responding
In each of the light and tone analyses there was only an effect

of Days which reflected a progressive increase in responding over
the course of acquisition [minimum F(9,342)=4.92, pb0.001].
s per presentation of the light and tone CS. Validity refers to CS paired with food
oses 0.5 mg/kg, 1.5 mg/kg versus saline. Error bars represent the standard errors
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No other main effects or interactions were significant [maximum
F(1,38)=1.60, see Table 1].

3.2.5. ITI responding
There was an overall effect of Days, shown as a progressive

reduction in magazine entries [F(9,333)=8.67, pb0.001].
There was no effect for Drug either independently or in
interaction with Days [maximum F(18,333)=1.15], therefore
AMP treatment did not affect the general level of responding in
the remainder of the session (see Table 1).

4. Discussion

In Pavlovian conditioning procedures, reducing the like-
lihood with which the UCS will follow CS presentation
normally results in reduced learning about that CS compared
to a CS that is reliably followed by the UCS. This effect was
demonstrated across drug conditions for both light and tone
stimuli in the present study. The results also showed that
responding to light CSs was generally reduced under amphe-
tamine. Responding to tone CSs was higher and unaffected by
amphetamine. Contrary to prediction, and irrespective of these
baseline differences, differential responding based on relative
validity was preserved under amphetamine, for both light and
tone stimuli.

There were no differences in responding immediately prior
to stimulus presentations (Pre-CS) by drug or by validity group
allocation and there was no evidence of any drug effect on
collection of the sucrose UCS. Nor were there any detectable
drug effects on the level of conditioning to context (measured as
responding in the ITI). Motor and motivational effects of
amphetamine were furthermore adjusted for by the percentage
conditioning measure, that also adjusts for ITI responding. Thus
we can exclude the possibility that differences in contextual
conditioning, unconditioned responding for food or other non-
specific effects of drug treatment confounded interpretation of
the effects of amphetamine on conditioning. In any case, such
non-specific effects could not account for reduced responding to
the light but not the tone stimuli.

4.1. Effects on relative validity

There is behavioural evidence to show that stimulants,
including amphetamine, generally enhance learning (Cassaday
et al., 2008; Harmer and Phillips, 1998, 1999; Krivanek and
McGaugh, 1969; Lashley, 1917). We predicted that ampheta-
mine should specifically enhance appetitive learning to weak
50% valid predictors. However amphetamine did not, as
expected, disrupt selective learning on the basis of relative
validity. This drug treatment was not simply ineffective in that
amphetamine reduced responding to the light.

These results contrast with the amphetamine effect of
increased conditioning to less salient stimuli that has been
consistently demonstrated in aversive procedures (Norman and
Cassaday, 2003, 2004; Ohad et al., 1987; O'Tuathaigh and
Moran, 2002, 2004; Solomon et al., 1981; Weiner et al., 1981,
1988). Thus this discrepancy raises the possibility that effects
on relative validity were not demonstrated here because of the
appetitive rather the aversive motivation of the task.

Indeed we have found that in there are typically differences in
sensitivity to (for example) amphetamine (and other stimulants
such as methylphenidate) depending on whether classical con-
ditioning tasks are aversively (Horsley and Cassaday, 2007;
Norman and Cassaday, 2003) or appetitively (Kantini et al.,
2004; Cassaday et al., 2008) motivated. However, under
some circumstances, amphetamine clearly does increase con-
ditioning to weak predictors in appetitively motivated proce-
dures (Horsley et al., 2008; Killcross et al., 1994; Norman and
Cassaday, 2004). We therefore suggest that the lack of am-
phetamine effect here – at the same key doses known to affect
DA-ergic function in the striatum (Kuczenski, 1983) – rather
indicates that relative validity does not tap into the same under-
lying neuropsychopharmacological substrates implicated in LI
and overshadowing.

4.2. Modality specific effects on responding

Between subjects comparisons based on the relative validities
of the light and tone CSs showed differential levels of overall
responding between these groups in acquisition. The 100% valid
CSs were generally more effective cues for conditioning and
produced superior conditioning overall compared to their 50%
valid counterparts. However, comparing across analyses, the
data show that responding to the tone CSs was greater than to the
light CSs irrespective of their validity. In particular, the 50%
valid tone appeared to support learning that was comparable in
strength to that produced by the relatively more valid 100% light
with which it was presented during conditioning sessions. This
suggests a modality specific effect, in that the auditory stimulus
seemed more effective for conditioning than the visual stimulus
despite its reduction in validity. This direction of effects con-
trasts with that reported in other studies: light CSs tend to
support better appetitive conditioning than tones (Foree and
Lolordo, 1973; Schindler andWeiss, 1982; Shapiro et al., 1980).
In any event, with identical UCS deliveries following light and
tone presentations, in the present study, amphetamine effects
must be CS modality (rather than UCS) mediated or depend on
stimulus–reinforcer interactions.

However this effect of amphetamine might also be accounted
for in terms of effects on conditioned responding to the light, but
not tone. There is already evidence that visual and auditory
stimuli can produce distinct patterns of conditioned responding
(e.g., Holland, 1977; Konorski, 1967) and consequently, the
dependent variable chosen to measure learning (here nose
poking) may be differentially sensitive to the effects of am-
phetamine depending on CS modality. Magazine activity could
be reduced under amphetamine because light CSs can increase
rearing (Holland, 1977), however this would seem an unlikely
account of the present result because amphetamine tends
to decrease rearing at the doses used in the present study
(Kafetzopoulos et al., 1998). In any event, we measured late
consummatory conditioned responding (nose poking) common
to both tone and light CSs. The distinctive patterns of con-
ditioned responding seen to light CSs reported by Holland tend
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to be ‘early’ responses (Holland, 1977) and therefore would not
explain reduced responding to light but not tone. Nose poking is
minimally susceptible to motor effects and we also used a
dependent variable that calculated responding as a percentage,
therefore adjusting for all other responding in the session,
including responding to the alternative CS. Our data show that
the effect of amphetamine is related to modality rather than
baseline level of conditioned responding because in saline
treated rats responding 100% valid light was equivalent to
responding to the 50% valid tone. Moreover, we have also
demonstrated previously that similar light CSs can pro-
duce acceptable levels of appetitive conditioning (e.g., Horsley
et al., 2008).

The light and tone CSs used differed in their temporal
patterning, that is, the tone was a steady continuous presenta-
tion, whereas the light was presented as a flashing intermittent
CS. This particular difference does not appear to provide a
likely account of the differential effect of amphetamine across
the two CSs as Holland (1977) demonstrated no differences
within modality (e.g., intermittent light versus steady light) in
consequent conditioned responses. Moreover, short diffuse CSs
of the kind used here should promote magazine behaviours.
Appetitive LI can be shown with diffuse CSs that produce good
‘goal tracking’ conditioning and others have found that
amphetamine-induced abolition of LI with such a CS is
shown as relatively increased magazine activity in pre-exposed
group (Channell and Hall, 1983; Killcross and Balleine, 1996).

Alternatively, properties that relate to physical intensity more
generally might differ between the lights and tones used here,
however the degree to which differences arise from physical
properties of CSs rather than modality specific effects remains a
matter of debate (Weiss et al., 1993). Therefore, whilst
alternative explanations cannot be excluded, it appears likely
that the reduced magazine activity specific to the light following
amphetamine treatment was due to reduced conditioning, and
that, irrespective of how this is mediated, drug effects can
depend on whether the CS used for conditioning is a light or
a tone.

Using the same CSs, the direction of effects of amphetamine
on light conditioning can be different depending on whether
there is competition from an auditory CS, as in overshadowing.
We have previously observed a reduction in responding to light
in overshadowing at test (drug free), but this was not sufficient to
preclude seeing heightened conditioning under amphetamine
(Horsley et al., 2008). Moreover, increased magazine activity
after or under amphetamine treatment has been shown in the
group for which light CS should have been a weak cue (Horsley
et al., 2008; Norman and Cassaday, 2004). Thus previous studies
show a role for salience modulation that can be observed over
and above any reduction in conditioning under amphetamine.

5. Conclusion

As discussed above modality effects are inevitably confounded
with differences in the profile of conditioned responding produced
by stimuli of different modalities. However these differences are
mediated – with the exception of some early work (Holland 1977;
Konorski, 1967) – there has been relatively little systematic
exploration of modality effects, and even less in relation to drug
effects. The overall pattern of results confirms, within a single
experiment, the importance of the properties of lights and tones in
determining the level of responding that CSs produce and
amphetamine effects thereon. The 50% valid tone resulted in
greater levels of responding overall than did the 100% valid light,
withwhich it had been presented at conditioning. Responding to the
light CSs was affected by amphetamine treatment, and learning
about the tones was not, thus demonstrating that amphetamine
effects were determined by the properties of the particular CS used
for learning. CSmodality–UCS interactions may help explain why
amphetamine effects across motivational variants of the same task
are not always consistent.
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