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Hungry rats were trained to press a lever for food pellets prior to an assessment of the effect of a
shift in their motivational state on instrumental performance in extinction. The first study replicated
the finding that a reduction in the level of food deprivation has no detectable effect on extinction per
formance unless the animals receive prior experience with the food pellets in the nondeprived state
(Balleine, 1992; Balleine & Dickinson, 1994). When tested in the nondeprived state, only animals that
were reexposed to the food pellets in this state between training and testing showed a reduction in
the level of pressing during the extinction test relative to animals tested in the deprived state. The
magnitude of this reexposure effect depended, however, on the amount of instrumental training. Fol
lowing more extended instrumental training, extinction performance was unaffected by reexposure
to the food pellets in the nondeprived state whether or not the animals were food deprived at the time
of testing. A second study demonstrated that the resistance to the reexposure treatment engendered
by overtraining was due to the animals' increased experience of the food pellets in the deprived state
during training rather than to the more extensive exposure to the instrumental contingency. In con
trast to the results of the first two experiments, however, a reliable reexposure effect was detected
after overtraining in a fmal study, in which the animals were given greater reexposure to the food pel
lets in the nondeprived state.

Drive theory, developed largely within the framework
of the stimulus-response/reinforcement account of in
strumental conditioning (e.g., Hull, 1943), assumes that
primary motivational states, such as hunger and thirst, di
rectly control instrumental performance by activating
prepotent responses. In contrast, incentive-learning the
ory, originally espoused by Tolman (1949a, 1949b),
maintains that the motivational effect of such states is in
direct in that they act by determining the incentive value
that an animal assigns to the instrumental reinforcer or
outcome. Moreover, Tolman argued that this assignment
is not automatic; rather, an animal has to learn about the
value of a particular outcome in a given motivational
state by experiencing it in that state. Dickinson and
Balleine (1994) refer to this process as incentive learning.

Evidence for the role of incentive learning in the moti
vational control of instrumental action comes from a va-
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riety of sources. Balleine (1992), for example, investi
gated the effect ofdevaluing a food outcome by shifts in
the level offood deprivation. Having trained hungry rats
to press a lever for food pellets, he compared perfor
mance in extinction following deprivation of the food
supply in the home cage with that observed in the non
deprived state. Contrary to the prediction ofdrive theory,
the level ofdeprivation on test had no detectable effect on
performance during the extinction test; the undeprived
rats pressed just as frequently as the hungry ones, indi
cating that, at least within the range ofdeprivation levels
and with the training procedure employed by Balleine,
the current motivational state of the animal has no direct
effect on instrumental performance. In order to produce
motivational control over test performance, Balleine had
to give the rats prior exposure to the food pellets in the
nondeprived state. Thus, only animals that were preex
posed to the pellets in separate feeding cages in the non
deprived state prior to instrumental training showed a re
duction of instrumental performance when tested in the
nondeprived state. Balleine and Dickinson (1994) have
recently replicated this incentive learning effect, using a
procedure in which the animals were re- rather than pre
exposed to the outcome in that the incentive learning
treatment was given between training and testing.

Copyright 1995 Psychonomic Society, Inc.
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EXPERIMENT 1

Low/high LPel H:O H:lp -7 0 H:lp -7 Pel
Highlhigh L:O RPel H:lp -7 0 Rip -7 Pel

Note-H, high deprivation; L, low deprivation; Ip, leverpress; Pel, pel
let outcome; 0, no outcome.

of incentive learning may vary with the type of instru
mental training. In a series of studies, Adams (1982) de
valued the outcome following instrumental training by
conditioning an aversion to it, in order to assess the ef
fect of a variety of different instrumental training
regimes on the devaluation effect. Although the overall
pattern of results was complex, one generalization to
emerge was that giving extended instrumental training
distributed over a number of sessions reduces the sensi
tivity to devaluation. Since a motivational shift from
training in a deprived state to testing in an undeprived
state, when coupled with an incentive learning treat
ment, also serves to devalue the outcome, the effect of
this treatment may also vary with the amount of instru
mental training. The first of our studies addressed this
issue directly.

There were four stages in this study: instrumental
training, reexposure, testing, and reacquisition (see
Table 1). Initially all animals were trained to press a
lever for food pellets while hungry in one of two train
ing conditions. The limited training, or 120-outcome,
condition followed that employed by Balleine (1992
Experiment 3A) and Balleine and Dickinson (1994
Experiment lA) in that only four sessions of instrumen
tal training were given, in each of which the animals
were allowed to earn 30 pellets. By contrast, animals in
the extended training, or 360-outcome, condition re
ceived a further 8 sessions of training before the incen
tive learning stage.

Whereas Balleine (1992) administered the incentive
learning treatment prior to instrumental training, we fol
lowed the procedure employed by Balleine and Dickin
son (1994) by giving this treatment between the end of
instrumental training and test, thereby equating the time
between incentive learning and testing in the two train
ing conditions. During this reexposure stage, the ani
mals had access to the food pellets in separate feeding
cages when they were in either a relatively high or a rel
atively low state of hunger induced by varying the prior
availability of food in their home cages. Thus, unlike the
animals in the high condition, those in the low condition
had the opportunity to learn about the relatively low
value of the food pellets in the nondeprived state.

On the basis of the Balleine and Dickinson (1994)
study we expected the effect of this reexposure to be

Lip -7 Pel
Lip -7 Pel

Reacquisition

L:Pel H:O L:lp -7 0
LO H:Pel L:lp -7 0

Table 1
Design of Experiment I

Training Reexposure Test

H:lp -7 Pel

Group

Low/low
High/low

This dependency of motivational control upon expo
sure to the outcome in the test state provides direct evi
dence for the role of incentive learning in the processes
governing instrumental action. Such exposure allows
animals to learn about the relatively low value of the out
come in the nondeprived state, learning which is re
flected in their instrumental performance when they are
subsequently tested in that state. And, in the absence of
the opportunity for incentive learning, the shift to the
low motivational state should have no detectable effect,
for under these circumstances performance in the ex
tinction test should reflect the high incentive value as
signed to the outcome when the animals are hungry dur
ing instrumental training.

It is important to note that the incentive learning treat
ment could not have acted by altering the impact of the
outcome itself in these studies, because performance
was assessed in the absence of outcome presentations
(i.e., in extinction). Rather, the incentive learning treat
ment must have operated by allowing the current moti
vational state to determine incentive value assigned to
the outcome through its encoding in an animal's knowl
edge of the instrumental contingency. It is for this rea
son that incentive learning must be viewed as operating
in concert with an account of instrumental learning,
such as that espoused by Tolman (e.g., 1959), which
assumes that conditioning reflects knowledge of the
action-outcome relation.

Evidence favoring this interpretation comes from
demonstrations that incentive learning is specific to the
outcome associated with the instrumental action. In fur
ther studies, both Balleine (1992) and Balleine and
Dickinson (1994) trained hungry rats to perform two
different actions for different outcomes before testing
performance in extinction in the absence of any depri
vation. In all cases the animals showed a relative reduc
tion in the performance of the action trained with the
outcome that they had previously experienced in the
nondeprived state, a result which demonstrates that in
centive learning is mediated by the instrumental contin
gency. Without going into details (see Dickinson &
Balleine, 1994, for a review), the same conclusion arises
from studies that involve an increase in the level of food
deprivation (Balleine, 1992; Balleine, Ball, & Dickin
son, 1994), a decrement in water deprivation (Lopez,
Balleine, & Dickinson, 1992), a shift between rather
than within motivational states (Dickinson & Dawson,
1988, 1989), and finally, the induction of drug states
(Balleine et aI., 1994).

In summary, the studies of incentive learning indicate
that primary motivational states, such as hunger and
thirst, do not always have the direct impact on instru
mental performance that classic drive theory envisages;
rather, such states can control instrumental performance
by determining the incentive value assigned to the out
come. This conclusion has been established, however,
only for conditions in which the animals receive a lim
ited amount of training (e.g., Balleine, 1992; Lopez
et aI., 1992), and there are reasons to believe that the role
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manifest in the subsequent test when the animals were
once again given the opportunity to press the lever, but
this time in extinction. Specifically, in the 120 condition
the animals that received both reexposure and testing in
the low state were expected to press less than the animals
tested following food deprivation. Thus, if the first term
in the group designations refers to the motivational state
during reexposure and the second term to the state dur
ing testing, our predictions were that Group Low/Low
should press less on test than Groups LowlHigh and High!
High, which in turn should not differ as a function of the
reexposure treatment. By contrast, Group High/Low,
which received reexposure in the deprived state but was
tested in the nondeprived state, should press just as
much as Groups Low/High and High/High if outcome
devaluation by motivational shift depends upon incen
tive learning. Given the replication of this pattern of re
sults, the question of prime interest was whether a simi
lar devaluation effect would be observed after more
extended instrumental training in the 360 condition. On
the basis of Adams's (1982) failure to detect an effect of
aversion conditioning to the outcome after extended
training, we anticipated that all animals in the 360 con
dition would press at equivalent, high rates on test.

Finally, all animals were given a reacquisition session
under the test state to confirm that the different levels of
deprivation did have an impact on the incentive value of
the food pellets as indexed by their reinforcing property.

Method
Subjects and Apparatus. Thirty-two naive adult male hooded

Lister rats of at least 90 days of age and 250 gm in weight were
housed in pairs with unlimited access to water in their home cages.
Instrumental training and testing took place in four Campden In
strument operant chambers, each equipped with a dispenser that
could deliver 45-mg Noyes pellets (improved Formula A) intoa
recessed magazine that the rats could enter through a flap door
positioned in the center of the front wall. A retractable lever was
located to the right of the flap door, and each chamber was illumi
nated by a 3-W 24-V houselight mounted on the front wall above
the flap door. A BBC microcomputer, equipped with the Spider
extension for on-line control (Paul Fray Ltd, England), controlled
the equipment and recorded the leverpresses. Reexposure took
place in four black plastic cages, 28 X 12 X 12 em, each ofwhich
contained a glass dish in which the food pellets were placed.

Procedure. Food was removed from the home cages on the day
prior to the start of training, and all subjects were given access to
their maintenance diet in their home cages for 1.5 h following
each daily training session. Half the animals were assigned to the
120 condition and the remainder to the 360 condition. The latter
animals received two 3D-min sessions of magazine training in the
operant chambers with the lever retracted on Days 1 and 2. Dur
ing each of these sessions, pellets were delivered on a random
time (RT) 60-sec schedule. There followed 12 sessions of instru
mental training, each of which started with the insertion of the
lever and the onset of the houselight and terminated, after 30 pel
lets had been delivered, with the retraction of the lever and the off
set of the houselight. Leverpressing was reinforced on a random
interval (RI) schedule whose parameter increased from 2 sec
through 15 sec to 30 sec across the first three sessions (Days 3-5).
The animals in the 360 condition then received 9 further sessions
of training (Days 6-14) on the RI 3D-secschedule.

During Days 1-3 the animals in the 120 condition remained in
their home cages. Over the next 5 days, however, they were
treated in a way designed to match approximately the handling
and transport conditions ofthe animals in the 360 condition; each
day they were removed from their home cages and placed indi
vidually into similar cages but in the adjacent colony room, be
fore being returned to their home cages 1-2 min later. Instru
mental training began on Day 9 and was identical to that received
by animals in the 360 condition, except that only two sessions of
training on the RI 3D-sec schedule were given in the 120 condi
tion. In addition, to familiarize the animals with the feeding cages
prior to incentive learning, immediately following the instru
mental training session on Day 10 they all received a single 15
min exposure to the feeding cages, during which they were al
lowed to eat 30 pellets.

Across the 4 days following instrumental training (Days
15-18), the animals were given the reexposure treatment during
which their deprivation state was alternated by giving them free
access to home-cage food on the nondeprived days and removing
the food on the deprived days. This deprivation schedule was ini
tiated immediately after the 1.5-h access period that followed the
last instrumental training session on Day 14, and the order of the
deprivation states was counterbalanced within each training con
dition. The reversal of the deprivation state occurred when the
animals were returned to their cages after being placed in the feed
ing cages for 15 min each day. Half the animals in each training
condition/deprivation-order subgroup were given 30 pellets in the
feeding cages on days when they were deprived and none on days
when they were undeprived (Groups HighILow and High/High).
By contrast, the remaining animals received access to the food pel
lets on the days when they were undeprived (Groups Low/Low and
Low/High).

Following the last placement in the feeding cages on Day 18,
half the animals in each counterbalanced condition were given
free access to home-cage food for the rest of the experiment
(Groups LowlLow and High/Low), whereas the remaining ani
mals were returned to the 1.5-h daily feeding schedule (Groups
Low/High and High/High). Two30-min instrumental test sessions
were then given; the test on Day 19 was conducted in extinction,
whereas leverpressing was reinforced on the RI 30-sec schedule
on Day 20. The number of leverpresses performed in each 5-min
period of these tests was recorded.

Statistical Analysis. The number of leverpresses during the
tests was analysed in a four-way, mixed analysis of variance. The
three between-subjects factors distinguished between animals in
the 120 and 360 training conditions (training), between those that
received reexposure to the pellets in the high and low states (re
exposure), and between those that were tested in the high and low
states (test). The within-subjects factor (bin) distinguished be
tween performance in successive 5-min bins of the test sessions.
Because the variance in the rates of leverpressing decreased with
the decline in the overall rate during the extinction test, this mea
sure was subject to a square-root transform prior to all analyses in
both this and the subsequent experiments. The mean square-root
leverpresses per minute are reported in parentheses where appro
priate. The reliability of the observed effects was evaluated against
the conventional criterion ofp = .05.

Results and Discussion
The results of prime interest, presented in Figure I,

are the number ofleverpresses performed by the various
groups during the extinction test. The performance of
the animals in the 120 condition replicated the incentive
learning effect observed by Balleine and Dickinson (1994)
in that, at least during the initial period of the session,
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Figure 1. Experiment 1: mean number ofIeverpresses per minute
during the extinction test foUowing training in the 120 condition (left
panel) and the 360 condition (right panel). The animals were tested
in either the low (Groups LowlLow and HighILow) or the high
(Groups LowlHigh and HighlHigh) deprivation state foUowing re
exposure to the food peUets in either the low (Groups LowlLow and
LowlHigh) or the high (Groups HighlLow and HighlHigh) depriva
tion state.

the animals in Group Low/Low pressed at a lower rate
than did the other groups, which did not differ among
themselves. Thus, a reduction in the relevant motiva
tional state only attenuated instrumental performance
after limited training if the animals had received prior
exposure to the outcome in that state. By contrast, a very
different pattern of results was observed after more ex
tended training in the 360 condition. In this condition,
the main variable affecting performance appeared to be
the motivational state on test, with animals tested in the
low state, Groups Low/Low and High/Low, pressing less
at the outset of the extinction session than those tested in
the high state, Groups Low/High and High/High.

This description was confirmed by statistical analysis.
An overall analysis yielded a significant test X bin inter
action [F(5,120) = 2.68] and a marginal four-way inter
action [F(5,120) = 2.04, P < .08]. These interactions
prompted separate three-way analyses for each 5-min
bin. The analysis for the first bin produced a significant
training X reexposure X test interaction [F(1,24) =
4.47], which in turn led to a consideration of the effects
of the reexposure and the test states in each training con
ditioning. These two factors interacted significantly in
the 120 condition [F(I,24) = 8.61], and Newman-Keuls
tests showed that Group Low/Low (2.21) pressed less in
the first 5 min of the extinction test than the remaining
groups, Groups High/Low (3.95), Low/High (3.28), and
High/High (3.47), which in turn did not differ. By con
trast, the analysis of performance during the first 5 min
ofextinction in the 360 training condition yielded only a
significant effect of the test state [F(1,24) = 4.75], with
animals tested in the high state (3.76) pressing more than
those tested in the low state (3.07). The only significant
effects in analyses of performance during the remaining
periods was one of training condition in Bins 3 and 4
[Fs(1,24) > 4.77], reflecting the fact that the animals in

6 1 2 3456

5-MINBINS

the 360 condition (2.36) showed greater resistance to ex
tinction than did those in the 120 condition (1.77).

The effects observed in the extinction test were not
compromised by differences in performance established
during instrumental training. On the last day oftraining,
the means of the number of leverpresses per minute in
the 120 condition were 14.6 (3.79), 12.3 (3.47), 14.5
(3.78), and 12.7 (3.56) for Groups Low/Low, High/Low,
Low/High, and High/High, respectively. The compara
ble rates in the 360 condition were no higher, being 15.8
(3.93), 12.9 (3.58), 14.2 (3.73), and 13.8 (3.67) presses
per minute, respectively. An overall analysis employing
the same three factors as those used with the extinction
data revealed no significant main effects or interactions
[largest F(1 ,24) = 1.67].

Finally, performance during the reacquisition test ver
ified that the difference in the high- and low-deprivation
conditions modulated the reinforcing properties of the
food pellets in that the animals tested under the high
state pressed more than those tested under the low state
[F(I,24) = 18.75]. In addition, higher rates of pressing
were observed after extended training in the 360 condi
tion [F(1,24) = 6.43]. No effect of the reexposure treat
ment was detected [F(1,24) = 1.39], however, nor were
there any significant interactions [largest F(1 ,24) =
1.01]. Balleine (1992) and Balleine and Dickinson (1994)
also failed to detect any significant effect of the incen
tive learning treatment during reacquisition, presumably
reflecting the fact that the animals very rapidly readjust
the incentive value assigned to the outcome on the basis
of their experience with the outcome during the early
part of the session. The mean rates during the reacquisi
tion session in the 120 condition were 7.2 (2.64) and 5.0
(2.17) presses per minute for animals retrained in the
high (Groups Low/High and High/High) and low states
(Groups Low/Low and High/Low), respectively, and 9.8
(3.07) and 6.1 (2.42) presses per minute for the corre
sponding groups in the 360 condition.

In summary, this study has established two main find
ings. The first is the replication of the prior demonstra
tions (e.g., Balleine, 1992; Balleine & Dickinson, 1994)
that motivational control of instrumental performance
depends on incentive learning. A decrement in an ani
mal's level ofhunger produces a consequent reduction in
instrumental performance after limited training only if
the animal has received prior experience of the outcome
in the test state. The major finding, however, concerns
the effect ofextended training on the susceptibility of in
strumental performance to outcome devaluation. Just as
Adams (1982) demonstrated that extended training re
duces sensitivity to outcome devaluation based on aver
sion conditioning, we have found a comparable reduc
tion in the case of devaluation through a motivationally
based incentive learning treatment. After extended train
ing, the incentive learning treatment had no detectable
effect on leverpressing during the test; rather, to the ex
tent that motivational variables had any impact on in
strumental performance, the critical factor was the cur-
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Figure 2. Experiment 2: mean number ofleverpresses per minute
during the extinction test foUowing training in the 120condition [left
panel), the 360 condition (middle panel), and the 240/120 condition
(right panel).The animals were tested in either the lowor the high de
privation state.

Results and Discussion
Figure 2 illustrates the results of prime interest: the

rates of leverpressing during the extinction test. These
are given separately for each of the three training condi
tions. As in the first study, the main effect of the reex
posure treatment was evident in the first half of the test
session, where there was a clear replication of the in
centive learning effect in the 120 condition; Group Low

Procedure. The animals were allocated equally to three differ
ent training conditions. Those in the 120 and 360 conditions were
trained with the same procedure as that employed for the corre
sponding condition in Experiment I. That is, after two sessions of
magazine training and two of instrumental acquisition, the ani
mals received further instrumental training sessions in which lever
pressing was reinforced with food pellets on an RI 30-sec sched
ule. The training was scheduled so that the four sessions of
instrumental training in the 120 condition terminated on the same
day (Day 14) as did the 12 sessions in the 360 condition. Training
in the third, 2401120 condition started at the same time as that in
the 360 condition with two sessions of magazine training. There
after, however, these animals received 8 sessions in each of which
outcomes were delivered on a RT 30-sec schedule with the lever
retracted followed by four sessions of instrumental training. Dur
ing these sessions, leverpressing was reinforced on an RI schedule
whose parameter value was 2 sec on the first session, 15 sec on the
second, and 30 sec on the last two, so that the instrumental train
ing regime was identical to that employed in the 120 condition.
Each session terminated after 30 outcomes had been delivered. All
animals were maintained on a food deprivation schedule through
out training by being fed for 1.5 h in the home cage after every
session.

The reexposure treatment followed the procedure employed in
Experiment 1 except in one respect: the rats remained in their
home cages on the days when they did not receive exposure to the
food pellets in the feeding cages. This exposure occurred on days
when the animals had been deprived of food in their home cages
during the preceding 22.5 h in Group High and on days when they
were not so deprived in Group Low, with the order of the depriva
tion states counterbalanced within each training condition. Fol
lowing the last day of reexposure, all animals were given free ac
cess to their maintenance diet before receiving a 30-min extinction
test on the next day.
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EXPERIMENT 2

rent motivational state, with animals pressing somewhat
faster following deprivation.

Adams (1982) went some way toward determining the
factors underlying the variation in sensitivity to outcome
devaluation. As he pointed out, extended training con
founds potentially important variables: the number of in
strumental actions performed; the number of reinforced
actions; and the number of outcomes presented. One of
his experiments (Experiment 5) identified the impor
tance of the last of these factors. The critical condition
in this study matched the total number of outcome pre
sentations to that received by animals in the extended
training condition, while equating the instrumental
training to that experienced by animals in the limited
training conditioning. This was achieved by giving an
appropriate number of sessions in the operant chamber
during which the outcome was presented noncontin
gently in the absence of the lever prior to limited instru
mental training. While replicating the basic devaluation
effect in a group given solely limited instrumental train
ing, Adams failed to observe any such effect in the ani
mal given noncontingent exposure prior to this instru
mental training.

The purpose of our second study was to investigate
whether a comparable insensitivity could be engendered
by noncontingent training when the outcome was deval
ued by the incentive learning treatment combined with
a motivational shift. To this end, two groups of animals
received either the 120 or the 360 instrumental training
conditions employed in the first study prior to the re
exposure treatment in either the high (Group High) or
the low state (Group Low). On the basis of our prior re
sults, we expected Group Low to press significantly less
than Group High when tested in the low state in the 120
condition, but not in the 360 condition. The animals in
the novel, 2401120 condition received the same instru
mental training as did those in the 120 condition; prior
to this training, however, these animals received 240
noncontingent presentations of the outcome in the oper
ant chambers so that the total number of outcomes re
ceived matched that in the 360 condition. The critical
issue is whether, following training in this 240/120 con
dition and the reexposure treatment, Group Low, the an
imals that had received reexposure in the low state,
would press less than Group High when tested in the non
deprived state. A generalization from the resistance to
outcome devaluation observed by Adams (1982) fol
lowing a similar training regime anticipates little evi
dence for an incentive learning effect in the 2401120
condition.

Method
Subjects and Apparatus. Twenty-four naive male hooded Lis

ter rats with age and weight comparable to those of rats in Exper
iment 1 were housed under the same conditions and trained in the
same apparatus.
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pressed less than Group High. Although the difference
between these groups was in the same direction in the
360 condition, it was neither reliable nor as large as that
in the 120 condition (see below). The novel, 240/120
condition produced a pattern of extinction performance
very similar to that observed in the 360 condition, with
no reliable evidence that Group Low pressed consis
tently less than Group High.

The overall analysis of extinction performance estab
lished the reliability of the effect of the incentive learn
ing treatment [F(1,42) =7.78], an effect that varied
across the extinction test [F(5,210) = 3.50]. Separate
analyses of performance during each 5-min bin of the
test produced a significant interaction between the train
ing condition and the reexposure treatment during the
first bin [F(2,42) = 4.63]. Simple main effects analyses
within each training condition showed that Group High
(3.58) pressed significantly more than Group Low
(2.29) in the 120 condition during the first 5 min
[F(1,42) = 19.99], but not in the 360 and 2401120 con
ditions (F < 1 in both cases).

The analyses of performance during the remaining
bins confirmed the pattern observed during the first
5 min of the extinction test. There was a significant main
effect of reexposure during Bins 2 and 3 [Fs(1,42) >
5.67], and a significant training x reexposure inter
action [F(2,42) = 3.48] during Bin 4. Simple main ef
fect analyses revealed that the effect of reexposure was
significant in the 120 condition during Bins 3 (High,
2.75; Low, 1.65) and 4 [High, 2.08; Low, 1.42; Fs(1,42) >
5.05]. By contrast, there were no significant effects of
reexposure in the 360 and 2401120 training conditions
throughout the extinction test [Fs(1,42) < 2.87].

In general, this pattern of results corresponds to that
observed by Adams (1982) in the case of outcome de
valuation brought about by aversion conditioning rather
than a combination of motivational shift and incentive
learning. A reliable devaluation effect is observed after
limited exposure to the outcome during training, but not
after more extended exposure whether or not the out
come is contingent on an instrumental action. This dif
ference cannot be traced to variations in performance at
the end of training; the effects of the training condition
[F(2,42) = 2.08] and of the reexposure treatment (F < 1)
on the rates of pressing on the last training session were
not significant, nor was their interaction (F < 1). The
means of the number of leverpresses per minute in this
session were, for Groups High and Low, respectively, in
the 120 condition 11.6 ( 3.31) and 11.1 (3.28); in the 360
condition 14.7 (3.74) and 16.1 (3.98); and in the 2401120
condition 13.3 (3.55) and 13.4 (3.61).

EXPERIMENT 3

Although the previous two experiments failed to de
tect an effect of the incentive learning treatment after ex
tended training, what is less clear is whether performance
after such training is completely impervious to outcome
devaluation. In this respect, it is notable that in both the

extended training conditions ofExperiment 2 (but not in
Experiment 1) the animals reexposed to the food pellets
in the low state tended to press less on test than those de
prived during reexposure, although not significantly so.
This trend led us to reexamine the status of instrumen
tal performance after overtraining by investigating the
effect ofgiving more extensive reexposure treatment. To
this end, the total number of food pellets presented dur
ing reexposure was increased from 60 to 200.

In addition, a further modification was made to the re
exposure procedure in an attempt to enhance its impact.
In the previous two studies, the reexposure was admin
istered in separate feeding cages on the assumption that
learning about the relatively low value of the pellets in
the nondeprived state would transfer from the feeding
cages to the operant chambers. There is reason to be
lieve, however, that such transfer may be far from per
fect. Capaldi and Myers (1978), for example, observed
that undeprived rats readily ate reward pellets in the goal
box of a runway, in which they had received extensive
prior training under hunger, even though they had been
sated on the same pellets in their home cages immedi
ately prior to placement in the runway. Capaldi and Mey
ers (1978) interpreted this finding as evidence that feed
ing comes under the control of contextual stimuli. If the
same is true of the incentive value assigned to a partic
ular food, we should expect to observe a stronger incen
tive learning effect if exposure to the pellets in the low
state takes place in the operant chambers rather than in
the feeding cages. To determine the potential effect of
this factor, half the animals received reexposure in the
operant chambers rather than in the feeding cages.

In summary, all animals received extended instru
mental training (360 condition) prior to the reexposure
treatment in either the feeding cages or the operant
chambers and a subsequent extinction test in the non
deprived state. A reliable incentive learning effect would
be manifest if the animals reexposed to the food in the
nondeprived state, Group Low,pressed significantly less
on test than those that were reexposed to the food when
hungry, Group High.

Method
Subjects and Apparatus. Thirty-two adult male hooded Lis

ter rats were trained and tested under the same housing conditions
and in the same apparatus as those employed in the previous
studies.

Procedure. The instrumental training procedure followed ex
actly that employed in the 360 conditions of the previous studies.
Following two magazine training sessions and two instrumental
acquisition sessions, all animals received 10 sessions in which
leverpressing was reinforced on an RI 30-sec schedule for 30 out
comes per session. Throughout this period, the rats were main
tained on a 22.5-h food deprivation schedule.

The incentive learning stage was also similar to that employed
previously in that all animals were subject to a counterbalanced al
ternation between food deprivation and nondeprivation across 4
days, with half the animals receiving access to the food pellets on
days when they were undeprived, Group Low, and the remainder
on days when they were hungry, Group High. The procedure was
modified in two respects from that used previously, however.
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Whereas half of the animals in each group were exposed to the pel
lets in the feeding cages as in the prior studies, the rest were placed
in the operant chambers, where the pellets were delivered non
contingently on an RT 30-sec schedule. Moreover, each animal re
ceived two placements in either the feeding cages or the operant
chambers on each of the days on which they were scheduled to
receive access to the food pellets, one in the morning and one in
the afternoon. Fifty pellets were presented during each of these
placements.

Finally, all animals were given a 30-min instrumental extinction
test in the nondeprived state.

Results and Discussion
As Figure 3 shows, the results of this study were

straightforward. The overall analysis yielded a signifi
cant interaction between the reexposure treatment and
the 5-min bins of the extinction test [F(5,140) = 5.09],
due to the fact that Group High (4.91) pressed more
than Group Low (3.05) during the third 5-min bin
[F(I,28) = 18.87]. There was no reliable effect of the
reexposure treatment during any other period of the ex
tinction test [Fs (1,28) < 3.76].Thus animals that had re
ceived prior exposure to the food pellets in the nonde
prived state, Group Low, pressed less than thos~ that
had received the same exposure when hungry. Simple
main effects analyses established that the effect of the
reexposure treatment was reliable when administered
both in the feeding cages [High, 4.87; Low,3.10; F(I,28)
= 6.41], and in the operant chambers [High, 4.85; Low,
3.00; F(I,28) = 4.39].

There was no evidence, however, that the magnitude
of the reexposure effect depended on the location of the
incentive learning treatment; the F ratios for the inter
actions involving the reexposure location and the reex
posure treatments were both less than one. Thus, it
would appear that incentive learning generalizes fully
from the feeding cages to the operant chambers. This
finding accords with the generalization of incentive
learning observed by Balleine and Dickinson (1991) in
the case of outcome devaluation by aversion condition
ing. They reported that establishing an aversion to an out-
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Figure 3. Experiment 3: mean number ofleverpresses per minute
during the extinction test following reexposure to the food pellets in
either the operant chambers Oeft panel) or the feeding cages (right
panel). The animals were tested in either the low or the high depri
vation state.

come by following a single session of instrumental
training with an isotonic lithium chloride injection only
produces a devaluation effect in a subsequent extinction
test if the animal receives prior exposure to the outcome
following the injection. The magnitude of this devalua
tion effect was unaffected, however, by whether the ex
posure occurred in the operant chambers or in the same
feeding cages as those employed in our study. In fact, the
only detectable effect ofthe location ofreexposure in the
present study was that animals that received this treat
ment in the operant chambers (3.07) pressed somewhat
less on test than those that received reexposure in the
feeding cages [3.64; F(I,28) = 5.32].

An analysis of performance on the last training ses
sions yielded F ratios for the main effects and interaction
involving reexposure location and treatment that were
all less than one. The mean presses per minute for
Groups High and Low were 11.6 (3.39) and 11.8 (3.41),
respectively, when reexposure occurred in the operant
chamber, and 13.9 (3.72) and 12.4 (3.43), respectively,
for rats reexposed in the feeding cages.

In conclusion, this study has established that a reliable
outcome devaluation effect can be detected after ex
tended instrumental training following more extensive
incentive learning treatment.

GENERAL DISCUSSION

A number of conclusions about the motivational con
trol of instrumental performance can be drawn from
these studies. The first concerns the role of incentive
learning after limited training. Experiment 1 replicated
our previous finding that, following training under food
deprivation, the motivational state on test has no direct
impact on instrumental performance (Balleine, 1992;
Balleine & Dickinson, 1994). Undeprived animals press
just as frequently as hungry ones in t.he absence of~rior

experience with the food outcome In the nondepnved
state. In order for the current motivational state to exert
control over instrumental performance, prior experience
of the outcome in this state is required. This finding ac
cords with the predictions of incentive-learning theory.

By contrast, the pattern of test performance observed
after extended training provides some evidence for a di
rect impact of the current motivational state; the high
level of deprivation produced more leverpresses on test
than did the low one, although the effect was small in
magnitude. More important, however, is the fact that ex
tended training decreases the impact of the incentive
learning treatment. In both Experiments I and 2, the
amount of reexposure to the food pellets in the low state
that produced a reduction in pressing on test after lim
ited training had no reliable effect on performance after
more extended training. This is not to claim, however,
that overtraining renders performance entirely resistant
to outcome devaluation, for a reliable incentive learning
effect was observed in the final study.

Perhaps the most straightforward explanation of this
pattern of results can be derived from the analysis of re-
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sistance to satiation offered by Capaldi, Davidson, and
Meyers (1981; see also Morgan, 1974). They exposed
hungry rats to reward pellets in their home cages prior to
differential training with this reward in a runway in the
undeprived state. In contrast to rats that had received the
preexposure in a sated state, these animals ran consis
tently faster on rewarded trials than on nonrewarded
ones, a finding that Capaldi et al. (1981) interpret as ev
idence that prior exposure to the pellets when animals
are hungry enhances their reinforcing property when
they are sated. To the extent that runway performance re
flected the value assigned by the animals to the food
outcome, this study suggests that the high value assigned
to the food pellets when the animals are hungry gener
alizes to the assignment made when the animals are un
deprived. Indeed, we have to assume just such general
ization if we are to explain why the animals in the 120
condition of Experiment 1 which were reexposed in the
deprived state but tested in the nondeprived state, Group
High/Low, pressed just as much on test as those tested
following deprivation, Groups Low/High and High/
High. Furthermore, if it is assumed that the strength of
this generalization increases with the amount of expo
sure to the food under hunger, it is to be expected that a
given incentive learning treatment should be less effec
tive in reducing its value.

Twofeatures of the present results clearly accord with
this account. The first is that the critical determinant of
the overtraining effect is the number of exposures to the
pellets when the animals are hungry during training
rather than amount of instrumental conditioning (Ex
periment 2). Second, an incentive learning effect can be
detected after extended training if the amount of re
exposure given animals in the nondeprived state is in
creased (Experiment 3). Presumably, if the incentive
learning treatment is to result in the assignment ofa low
value, greater reexposure is required to counteract the
enhanced generalization of value from the hungry state
after extended training. It should be noted, however, that
the reliability of the reexposure effect observed in Ex
periment 3 may well reflect the greater statistical power
of this study rather than the increased reexposure re
ceived by the animals.

One problem for this generalization account, however,
arises from performance of the animals trained and re
exposed in the deprived state but tested in the non
deprived state. If more extended exposure to pellets
under the high state enhances the generalization of in
centive value to the low state, Group High/Low in Ex
periment 1 and Group High in Experiment 2 should have
pressed more on test after extended training than after
limited training. The test performance in these groups
should have reflected directly the generalization of in
centive value assigned during training (and reexposure)
in the high state to the control ofperformance in the low
state. As Figures 1 and 2 show, however, just the reverse
was the case; a post hoc analysis of the combined per
formance of these two groups revealed that animals in
the 120 condition pressed at a mean rate of 14.3 (3.70)

per minute during the first 5 min of extinction, which
was significantly higher than the mean rate of8.9 (2.92)
presses per minute observed in the 360 condition
[F(1,22) = 7.88]. A related difficulty arises from the
emergence ofa direct effect of motivational state on ex
tinction performance after extended training in Experi
ment 1. Indeed, to the extent that extended training en
hances the generalization ofa high incentive value from
the deprived to the undeprived state, one might expect
the current motivational condition to have relatively less
impact after such training.

The variation in the direct impact of a motivational
shift with the amount of training suggests that the pre
dominant process controlling performance may well
change as a function of the amount (and nature) of the
training. Although this is a venerable idea dating back at
least to James's (1890) classic analysis of habits (see
Boakes, 1993), Dickinson (1985, 1989) offered a con
temporary statement specifically addressed to the vari
ations in the sensitivity to outcome devaluation. Dickin
son argued that instrumental training engages two
independent learning processes which operate concur
rently. The first is a simple habit process that follows the
general principles ofclassic stimulus-response (8 -t R)/
reinforcement theory. As each presentation of a con
tiguous reinforcer serves to strengthen the propensity to
perform its associated response, the contribution of this
8 -t R process to instrumental performance should in
crease with the amount of training, as is illustrated in
Figure 4.

The second process is based on knowledge of the
action-outcome (A -t 0) relation. In order to account
for the influence of a variety of training regimes on the
devaluation effect, Dickinson (1985, 1989) suggested
that this knowledge represents the experienced correla
tion between the rate of responding and the rate of rein
forcement, a variable that Baum (1973) had previously
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Figure 4. Dual-process theory of overtraining: changes in the con
tributions of the A ~ 0 process and the S ~ R process to the total
strength of instrumental behavior, as a function ofthe number of ses
sions of training on the schedules employed in the present experi
ments (see text for further explanation).
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identified as critical in instrumental conditioning. Given
this characterization of action-outcome learning, the
contribution of this process to instrumental performance
should vary during the type of training given in the pre
sent study. For the sake of illustration, we have assumed
that on the interval schedules employed in the present
studies the contribution of the A ~ 0 process is deter
mined by the programmed rate of reinforcement, so that
the strength of this process at the end of the first train
ing session on the RI 2-sec schedule is 30 (see Figure 4).
At the end of subsequent sessions, the strength of this
process is assumed to be a weighted average of the out
come rate (0) in that session and the A ~ 0 strength at
the end of the previous session, so that the strength of
the process at the end of session n, (A ~ O)n, is given
by: a . On + (1-a) . (A ~ O)n-l. Figure 4 illustrates
the decreasing strength of the A ~ 0 process across the
extended training regime given in the present studies
when a = 0.3. According to this dual-process theory, the
overall rate of instrumental performance at any given
stage oftraining will be determined by the total strength
produced by summing the strengths of the A ~ 0 and
S~ R processes.

Changes in the relative contributions of these two
processes with training have straightforward conse
quences for variations in the sensitivity to outcome de
valuation. Given that outcome devaluation can only op
erate through knowledge of the action-outcome relation,
devaluation should be effective to the extent that the
A ~ 0 process makes a significant contribution to the
total strength. As Figure 4 shows, this contribution is
much greater after the four sessions of training in the
120 condition than after the 12 sessions in the 360 con
dition, with the consequence that an outcome devalua
tion effect should be more difficult to detect after ex
tended training, as we observed in the first two studies.

The dual-process theory also provides an account of
variations in the sensitivity of performance to the direct
impact of the animal's current motivational state. Drive
theory (e.g., Hull, 1943) and accounts of the motiva
tional influence of Pavlovian processes on instrumental
performance (e.g., Rescorla & Solomon, 1967) have tra
ditionally assumed that motivational states exert their
direct effects through an S ~ R process, and thus we
should expect the impact of such states to increase with
extended training, the effect observed in Experiment 1.
It is this fact that explains why a reduction in deprivation
to the low state in Experiments 1 and 2 (in the absence
of reexposure to the outcome in the low state) had a
greater impact on performance after extended training.
Although the total strength may be comparable after
limited (4 sessions) and extended (12 sessions) training,
the S ~ R process makes a much greater contribution in
the extended condition, with the consequence that a vari
able mediated by this process should exert a more sub
stantial effect with training.

Finally, this account also anticipates the resistance to
devaluation engendered by prior noncontingent presen
tations of the outcome observed in Experiment 2. As

has been suggested previously in the context of learned
helplessness (see, e.g., Maier & Seligman, 1976), prior
noncontingent presentation of an instrumental outcome
should interfere with subsequent learning of an action
outcome contingency or correlation. Thus, the prior
noncontingent training given to Group 2401120 should
have interfered with the development of the A ~ 0
process during instrumental training so that in this train
ing condition performance should have been primarily
based on the S ~ R process rather than the A ~ 0
process with the consequent insensitivity to outcome
devaluation.

This dual-process theory can also offer an account of
an apparent discrepancy in the reported effects of over
training on sensitivity to devaluation by aversion condi
tioning. In contrast to Adams's (1982) findings, Colwill
and Rescorla (1985) failed to detect any effect of ex
tended training on resistance to outcome devaluation;
indeed, if anything, sensitivity to devaluation increased
with training in their procedure (Colwill & Rescorla,
1988). A notable feature of this procedure, however, is
that the animals always received training with two dif
ferent outcomes contingent upon different actions. Thus,
for example, in their first study (Colwill & Rescorla,
1985), action Am received moderate training and action
A, extended training, both with the same outcome, 0 1.

The subsequent conditioning of an aversion to 01 pro
duced comparable decrements in the performance of Am
and Ae in an extinction test. If it is assumed, however,
that action-outcome knowledge is based on the experi
enced correlation between action and outcome rates, this
result is not surprising, because, interspersed with the
training ofAmand Ae, a third, control action, Ac, was re
inforced with a different outcome, O2, in separate train
ing sessions. Consequently, the animals were exposed to
a relatively strong positive correlation between the rates
of both Amand Ae and the rate of 0 1 throughout train
ing-Oj occurred in sessions when these actions were
performed, but never in sessions when only the manip
ulandum for A, was available. Under this training regime.
correlational theory would predict that knowledge of the
ACOI relation should be sustained however extended
the training, thus rendering this action permanently sen
sitive to outcome devaluation.

Whatever the merits of this account, the present stud
ies do show that the motivational control of instrumen
tal performance is complex and depends on the training
regime. After limited training, the current motivational
state of the animal has little direct control over perfor
mance, which depends on prior experience of the out
come in the test state. By contrast, extended training on
either contingent or noncontingent schedules reduces
the role of incentive learning, while enhancing the direct
impact ofthe current motivational state on performance.
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