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The effects of varying the interreinforcement
interval on appetitive contextual conditioning
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Appetitive contextual conditioning in rats and ringdoves was investigated in six experiments.
In Experiment 1, differential contextual training produced greater anticipatory activity in rats
in the presence of a context paired with food than it did in rats in the presence of a different
context in which food was never presented. Furthermore, the rats showed a preference for the
context associated with food when they were given a simultaneous choice test between contexts.
In Experiment 2, rats were more active in and preferred a context associated with a variable
time 30·sec (VT30) schedule as opposed to a VT180 schedule. Experiment 3 was a between-subjects
replication ofthe previous experiment. As expected, rats exhibited significantly more anticipatory
activity in a context in which food had been presented on a VT30 schedule than they did in a con
text in which food had been presented on a VT180 schedule. Experiment 4 showed that anticipa
tory activity was a reflection of context-US associations in ringdoves, and in Experiments 5 and
6, ringdoves also exhibited an inverse relationship between the amount of anticipatory activity
and the length of the interreinforcement interval (lRI). These results reveal a relation between
IRI and contextual conditioning opposite from that obtained in studies of aversive conditioning.

Temporal variables exert a strong influence on associa
tive learning (Gibbon & Balsam, 1981; Gormezano &

Kehoe, 1981). Perhaps the best known example is the
trial-spacing effect, in which aequisition of an associa
tion between a conditioned stimulus (CS) and an uncon
ditioned stimulus (US) is facilitated by lengthening the
intertrial intervals (lTIs; see Gormezano & Moore, 1969).
Several different underlying mechanisms have been pro
posed to account for the trial-spacing effect.

Variation in ITI may influenee aequisition by affecting
US processing or effectiveness. The repeated presenta
tion of the US may result in habituation, and sinee there
is greater short-term habituation with shorter intervals be
tween stimuli (Davis, 1970), the US may be relatively
less effective when trials are massed rather than more
widely spaeed. Yet even as this general predietion fol
lows from aU theories of habituation, more specifie predie-
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tions ean be derived from partieular theories about how
the effectiveness of a stimulus ehanges with repeated pre
sentations. Solomon and Corbit (1974) suggest that recep
tion of a US generates two opponent processes. For exarn
ple, an electrie shock releases a short-latency, rapid-decay
primary process (the a process) of an aversive nature. The
primary process gives rise to a long-latency, slow-decay
secondary process (the b process) that opposes the aversive
state. The effective motivational state of the subject is a
functionofthe difference between the two processes. Since
the secondary process is slow to decay, when I'I'ls are rela
tively short, the secondary process indueed on trial n - 1
may decrease the motivational properties of the US pre
sented on trial n. Assuming that the rapid-decay primary
process does not eumulate aeross trials, the net effect of
massed trial presentation will be to render the US less ef
fective. Longer ITIs, as opposed to massed trials, will
provide an opportunity for the secondary process to decay
more prior to subsequent US presentation.

In a sirnilar vein, Wagner's (1978) rehearsal model sug
gests that short ITls produce slower acquisition because
the processing of the CS and/or US on trial n -1 rnay ex
tend until trial n, thus attenuating the processing of these
events relative to what would take place when trials are
more widely spaced. This is based on the model's assump
tion that processing is inereased by a surprising event
and decreased when the representation of an event is
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moved into an active state by its recent presentation (i.e.,
self-generated prirning). Since the formation of associa
tions is a function of the amount of time that the CS and
US are simu1taneous1y rehearsed, rnassed US presenta
tions will resu1t in 1ess conditioning than will spaced US
presentations.

More recently, Wagner (1981; Wagner & Larew, 1985)
has formalized these assumptions about CS and US pro
cessing in the SOP model. In this view, presentation of
an event causes a representation of that event to move into
a primary state (Al). This representation decays into a
secondary state (A2), and finally, with the passage of time,
back into an inactive state. Excitatory associations are
formed when the CS and US representations are simulta
neously in the primary state, and inhibitory connections
are formed when the CS is in the primary state and the
US is in the secondary state. Thus, when trials are closely
spaced, the US representation rnight still be in the second
ary state from previous activation. Consequently, massed
trials might generate some inhibitory conditioning by ac
tivating primary processing of the CS while secondary
processing of the US is taking p1ace. In addition, activa
tion of the US representation is attenuated if it is already
in the secondary state, rendering it less likely to enter into
excitatory associations. Therefore, this model posits two
means whereby massed training could result in less net
excitatory strength than spaced training would (Ewing,
Larew, & Wagner, 1985).

Altematively, trial spacing effects might be mediated
by conditioning of the context. For example, the model
ofRescorla and Wagner (1972; henceforth referred to as
the Rescorla-Wagner model) assurnes that there is com
petition between cues and contexts for associative value.
Nonreinforced exposure to the contextual cues during the
ITI are assumed to extinguish the associative value of the
context, so that long ITIs produce more extinction than
briefer ITIs do. Consequently, the facilitated performance
under spaced conditions is the result of relatively little
interference by contextual stimuli with the CSs acquisi
tion of associative value. Altematively, massed trials
might produce greater conditioning of the context but in
fluence the performance controlled by the CS rather than
the learning about the signal. In their app1ication of scalar
expectancy theory to autoshaping, Gibbon and Balsam
(1981) suggested that the expectancies controlled by the
CS and the context are inversely related to their respec
tive durations. Response strength is assumed to be deter
mined by the ratio of these expectancies. When trials are
widely spaced, background expectancy will be low rela
tive to trial expectancy. When trials are massed, the ex
pectancy of the US in the presence of contextual stimuli
may be sufficiently high to interfere with responding to
the CS, even though the expectancy controlled by the signal
may be the same in both massed and spaced conditions.
Similarly, Miller and his associates (Miller & Matzei,
1988; Miller & Schachtman, 1985) have suggested that
response strength is determined by a comparison of the

current associative strength of the signal with the current
associative strength of the context in which that signal was
trained. Responding to the signal will emerge only to the
extent that its associative strength is higher than that of
the training context.

Rather than the context being the cue that competes with
the CS for associative value, Goddard and Jenkins (1988)
have suggested that one US may come to predict subse
quent USs. Ifthis 1earningis mediatedby some aftereffect
of US presentation, it might be expected that such a cue
would be more salient after a short period of time than
it would after a longer delay. Thus, to the extent that a
US will act as a signal for subsequent USs and interfere
with leaming about other simultaneously presented cues,
we might anticipate 1essconditioning of the CS and con
text with massed as opposed to spaced training.

Although these theories agree when they predict that
acquisition of conditioned responding to a discrete CS is
enhanced by relatively long ITIs, they produce divergent
predictions for the situation in which no explicit signal
precedes the US. On the one hand, the Rescorla-Wagner
model and the model ofGibbon and Balsam (1981; hence
forth referred to as the Gibbon-Balsam model) predict
that the context will gain more associative strength when
USs are massed than it will when USs are spaced. In the
Rescor1a-Wagner theory, briefer periods of nonreinforced
exposure to the context-alone, when USs are massed,
resu1tin higher asymptotic levels of context-US associa
tion than they do when USs are more wide1y spaced. Ac
cording to Gibbon and Balsam (1981), asymptotic con
text expectancies are inverse1yre1ated to the average time
between US presentations. Thus, both theories predict that
the strength of contextual conditioning will be directly
related to US frequency.

On the other hand, Wagner's models and the opponent
process theory predict no better, and possib1y worse, con
textual conditioning as a resu1t of massed training. Re
peated US presentations may produce a decrement in US
effectiveness caused by self-generated priming (Wagner,
1978), presentation of the US whi1e the secondary state
is still present (Wagner, 1981; Wagner & Larew, 1985),
or recruitment ofthe opponent process (Solomon& Corbit,
1974). Since massed US presentations may produce a
greater decrement in US effectivenessthan spaced US pre
sentations, contextual conditioning rnight be diminished

under the former conditions. Similarly, Goddard and
Jenkins' s (1988) findings suggest that massed training
might enhance the ability of the US to become a signal
for the next US and to thus overshadow the context, rela
tive to spaced training.

Availab1eevidence derived from aversive conditioning
preparations seerns to support Wagner's (1978, 1981)
models and the opponent-process theory. In several exper
iments, relative1y long interreinforcement intervals (IRIs)
have enhanced the development of contextua1condition
ing. Bolles and Riley (1973), for example, delivered e1ec
tric shocks to rat subjects at IR! values of 10, 43, or



900 sec and found an increasing amount of freezing as
the IR! was increased. The experiment does not, how
ever, allow for a clear assessment of whether this was
a conditioned or unconditioned effect of shock presen
tation, because freezing was only recorded during train
ing sessions.

McAllister, McAllister, Weldin, and Cohen (1974)
trained several groups of rats in an aversive conditioning
situation in which unsignaled shocks were delivered at dif
ferent IRIs. In a nonreinforced test carried out a day later,
the rats could escape from the conditioning chamber by
jumping into a neutral box; the latency to escape was used
as a measure of conditioned fear in response to contex
tual cues. With IRIs values of 165,225, and 285 sec, es
cape latencies were shortest after exposure to shocks
presented with the longest IR!.

More recently, Fanselow and Tighe (1988) replicated
the effect of IR! length on the freezing behavior of the
rat by using a procedure sirnilar to that of Balles and Riley
(1973), except that testing was carried out after 24 h, thus
eliminating any unconditioned effects of recent US pre
sentations. Interestingly, they found an IRI effect after
delivering only two USs, the minimum number of shocks
necessary to give rise to the IRI dimension. In fact, they
obtained more freezing after two shocks presented with
an IRI of 60 sec than they obtained after 16 shocks pre
sented with an IRI equal to 3 sec.

Data from appetitive conditioning experiments suggest
that one might obtain a different relationship between IRI
and context conditioning from that observed with aver
sive USs. Using speed of conditioning as a measure of
prior contextual conditioning, Balsam, Locurto, Terrace,
and Gibbon (1980) found no systematic relation between
the duration of the IR! during US-only pretraining and
subsequent speed of autoshaping in pigeons. Tomie and
Abbondandolo (1981), however, found that pigeons pre
trained with short IRIs tended to acquire subsequent key
pecking more slowly than did pigeons pretrained with
longer IRIs; but the effect failed to reach statistical sig
nificance. Killeen (1975, 1979) found that general activity
levels in pigeons were directly related to reinforcer fre
quency, but in these experiments it is not possible to dis
tinguish between the unconditioned activity elicited by the
prior US presentation and activity conditioned to the con
text that occurs in anticipation of the impending US pre
sentation. Hence, there is some, albeit weak, evidence
that unlike aversive conditioning, the strength of context
US associations may be inversely related to IRI duration

in appetitive contextual conditioning.
The present experiments were aimed at investigating

the effect of IR! duration on appetitive contextual condi
tioning with both rats (Experiments 2 and 3) and ring
doves as subjects (Experiments 5 and 6). Experiments 1
and 4 validatethe testing techniques in rats and ringdoves,
respectively. Conditioning to contextual stimuli was as
sessed on preference tests in which subjects chose between
distinctive contextsassociated with different reinforcement
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rates and/or by measuring conditioned activity following
exposure to different IRIs.

EXPERIMENT 1

In pigeons and rats, conditioned anticipatory activity
has been observed in the presence of cues paired with food
(Longo, Klempay, & Bitterman, 1964; Sheffield & Camp
bell, 1954; Zamble, 1967), and, in the case of pigeons
and doves, general activity increases in the presence of
contextual cues associated with food presentation (Balsam,
1982, 1985; Durlach, 1982, 1983). However, there is lit
tle information about appetitive contextual conditioning
in the rat. Thus it was necessary first to develop ways
of measuring context-US associations in this species.

In experiments with fixed-time (FT) schedules of un
signaled reinforcer presentation, rats typically show incre
ments in a variety of activities with food or water USs,
both after and before US delivery, including goal-eentered
activity (Reid, Vazquez, & Rico, 1985; Staddon & Ayres,
1975) and a variety of interim activities such as gnaw
ing, drinking, or wheel running, for which there is en
vironmental support (Riley, Wetherington, Delarnater,
Peele, & Dacanay, 1985; Staddon, 1977). Although ex
periments with FT schedules may provide some clues to
which responses may be appropriate indices of contex
tualleaming in rats, they are not definitive on this point.
The increase in activity may be attributed to conditioning
effects such as the superstitious conditioning of whatever
behaviors precede the reinforcer (Skinner, 1948), Pavlov
ian temporal conditioning (Pavlov, 1927), or the forma
tion of context-LlS associations (Balsam, 1982, 1985;
Durlach, 1983). Alternatively, the increased activity may
be a direct consequence of US presentations. Responses
may be directly elicited by the US, and repeated US presen
tations have been shown to increase a variety of schedule
induced or adjunctive behaviors (Falk, 1971; Staddon,
1977), elicited by discriminable periods of low reinforce
ment probability (Minor, 1987; Staddon & Simmelhag,

1971), and/or the cumulation of elicited arousal across
trials (Killeen, Hanson, & Osbome, 1979). However, in
the usual situations in which these activities have been
observed (during training sessions), ODe cannot distinguish
between activities that are elicited by the preceding food
presentation and activities that occur in anticipation of the
next one. In order to determine whether or not any of these
actions are conditioned, the behavior must be observed
in the absence of US presentations, and it must be shown
that the responses only occur in the presence of cues that
have been present at the time of US presentation.

Thus we initially measured a wide range of behaviors
in the presence of contextual cues. In addition, we mea
sured the preference (cf. Balsam, 1985) for contexts dif
ferentially associated with food. Preference for a particular
context after appetitive conditioning would presumably
reflect a greater anticipation of food in the preferred con
text than in a less preferred context. Our specific purpose
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in Experiment 1 was to validate these measures of appeti
tive contextual conditioning by comparing a context in
which food had previous1y been presented and a context
in which food had never been presented.

Method

Subjects. Eight female, 9O-day-old rats (CHBB TOM Strain) from
one litter were used as subjects. Their ad-Iib weights varied between
200 and 260 g. The animals were experimentally naive, lived in
individual cages, and were exposed to a 12:12-h light:dark cycle
(light from 0800 to 2000 h). The temperature was maintained at
20°C.

Apparatus. The arms ofa Y-maze served as conditioning con

texts. During conditioning sessions, doors were placed in the en
trance of each arm to confine subjects to a particular context. Dur
ing preference tests, doors were raised so that the animals could
move from one arm to the other through the choice area ofthe maze.
The internal dimensions of each context arm were 79 x 40 x 60 cm.
The choice area was 34 cm long. The maze was built with wood
and fully lined with formica. The walls were covered with white
formica, and the floors were covered with light-blue formica. The
ceiling was made of glass. A small Plexiglas container was located
at the end of each arm, iIIuminated by a single bulb (15 W) placed
approximately 25 cm above each container. Reinforcers (Purina rat
chow pellets ofO.2 g each) were manually delivered through a tube
into the appropriate container. Masking white noise (70 dB, SPL)
was presented through speakers located above the food container.
The experimental contexts were differentiated by the stimuli on the
walls and floor of the arms of the Y-maze. One context had a smooth
formica floor and a mirror (50 x 39 cm) mounted on one of the
sidewalls of the arm. The second context had a metallic grid

(48.5 x23 cm, with 0.5-cm-diam holes) on the floor ofthe arm ad
jacent to the food container and had smooth formica walls.

The maze was located in a sound-attenuated room. Temperature

was maintained at 22° C throughout the experiment.
Procedure. Access to food was lirnited to 2-h daily periods, start

ing 10 days before the initiation of training and continuing through
out the experiment. This procedure leads to a stable weight of
80%-85% ofthe ad-lib weight for each subject (Hurwitz & Davis,
1983). Water was continuously available in the cages. Pretraining
consisted of two IO-min sessions (one in each arm) in which the

animals were placed in the conditioning box without the elements
that were later used to differentiate contexts (i.e., the mirror and
the metallic grid). They received 10 USs in a variable-time 6O-sec
(VT6O) schedule.

Before the start of conditioning, animaIs received a preference
pretest that comprised two 5-min sessions in which they could freely
move from one arm of the maze to the other. The two sessions were
conducted on the same day and separated by at least 90 min. The
stimuli that differentiated contexts were present during the prefer
ence test. Context element (mirror and grid) and position (right and
left arm) were counterbalanced across sessions. Outing each prefer
ence test, animals were placed in the choice area; a digital clock
was started whenever the animal introduced its four legs into an
arm, and it was stopped when the animaI placed its four legs on

the choice area. Total time spent in each arm was recorded.
Beginning on the day after the pretest, the animals were exposed

to a differential conditioning procedure. Outing the initial 10 days,
they received one session per day in which they were exposed to
one of the contexts (i.e., X+ and Y-) in random order, except
that the first session was X + for all the animals. Each conditioning
session began with a 5-min period in which no USs were presented.
During the remainder of rewarded sessions, 10 USs were presented
on a VT60 schedule. Exposure to the negative context consisted
of confinement to the appropriate arm of the maze for a comparable
period of time, but no USs were presented during the entire ses-

sion. The particular stimuli that defined the positive and negative
contexts were counterbalanced across subjects, and the spatiallo
cation of the contexts (whether each context appeared as the left
or the right arm of the maze) was counterbalanced across sessions.

During the initial 5-min nonreinforced portion of each session,
an instantaneous sampling ofbehavior was carried out every 15 sec
by observing the animaI for approximately I sec. Observations in
volved recording both the location of the subject and the specific
behavior that was displayed. Location was recorded as being in one
of two places: (1) door, when the anima! was located between the

door and a line demarcating the start of thecontextual element (either
the mirror or the metallic grid, both of which were about 30 cm
from the door); and (2) element, when the animal was located with
four legs within the limits of the contextual element. Five behavior
categories were also scored: (1) Activity was recorded when move
ments of all four limbs were observed during the sampling period
(this included instances of walking, running, circling, or jumping);

(2) feeder was scored when the rat was sniffing at, biting, or in
troducing its head into the feeder, or rearing in front ofthe feeder;
(3) rear was scored when the animal was standing on its hindlimbs
with forelimbs not on the floor; (4) grooming was scored when the
rat displayed licking of any part of its body; and (5) still was scored
when there was a complete absence of movement, with all limbs
on the floor. In each sampling period, the observer recorded the

location (door or element) and the behaviors (activity, feeder, rear,
grooming, and still).

The first preference test was carried out on Day 11. This test
was identical to the pretest described above. From Days 12-21,
animals received another series of conditioning sessions with the
same characteristics that were described above for the initial con
ditioning sessions. Finally, a second preference test was carried
out on Oay 22.

Results and Discussion

All animals ate the food delivered during pretraining
sessions. The pretest of preference indicated that subjects
spent 71.7 and 41.5 sec in the arms that were subsequently
to become the X + and Y - contexts, respectively. The
mean difference was attributable to 2 subjects who showed
a strong preference for the arm that was to become the
X+. There was no statistically significant difference be
tween groups in the amount of time spent in each arm
during the pretest. Data from the two postacquisition
preference tests were analyzed in a test session (first or
second) X context (positive or negative) analysis of vari
ance (ANOVA). Overall, the animals spent significantly
more time in the context associated with food than they
did in the context in which food had never been presented
[F(l,7) = 17.83,p < .01]. Since the test X context inter
action was also significant [F( 1,7) = 17.03, p < .01],
pairwise tests were calculated to determine the source of
the interaction. After the first 10 conditioning sessions,
the animals spent more time in the context associated with
food (M = 86 sec) than they did in the context in which
food had never been presented (M = 68.7 sec), but this
difference was only marginally significant [t(7) = 2.01,
.05 < P < .10]. At the end oftraining, the animals spent
significantly [t(7) = 5.72, p < .01] more time in the
positive context (M = 126.2 sec) than they did in the nega

tive context (M = 77.2 sec).
Activity was the only behavior that yielded a consis

tent pattern across sessions and contexts. These results



CONTEXTUAL CONDITIONING 129

1.0 been observed in pigeons (Durlach, 1982, 1983) and ring
doves (Balsam, 1982, 1985) under similar circumstances.
This contrasts with the goal-centered responses observed
in red opossums (Papini, Mustaca, Tiscornia, & Di TeUa,
1987). One reason for the differences between these ex
periments may be the nature ofthe US that was employed.
General activity occurs as the CR to solid food USs,
whereas goal-centered behavior rather than general ac
tivity reflects context-US associations when a liquid US
is employed (Papini, Mustaca, & Frasca Ponce, 1989).

One unanticipated aspect of the current results was the
relatively slow acquisition rate. Prior work has shown that
contextualleaming can be relatively rapid (e.g., Balsam
& Gibbon, 1988; Balsam & Schwartz, 1981; Durlach,
1983). Several methodological aspects of the procedure
might account for the slow acquisition speed obtained in
this experiment, including: reinforced pretraining ses
sions; the use of a 5-min sampling period, which might
have produced substantial contextual extinction since it
involved one third of the session length; and the use of
a food container, which might have made the two con
texts more similar andalso might have competed with con
textual elements for associative value. Finally, the ele
ments used to differentiate the boxes (mirror and metallic
grid) may not have been particularly salient.
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Figure 1. Mean proportion of intervals in which subjects were ac
tive in the reinforeecl (X +) and nonreinforeecl (Y -) eontexts.

EXPERIMENT 2

are plotted in Figure I in terms of the mean proportion
of sampling periods during the 5-min observation period
at the beginning of each session in which activity was
scored. A context (positive or negative) x blocks (oftwo
sessions) ANOVA (both factors with repeated measures)
indicated that the animals showed significantly more ac
tivity in X+ than they did in Y - [F(l, 7) = 10.63,
p < .025). The context X blocks interaction was also sig
nificant [F(4,28) = 4.35, P < .01). Tests of simple main
effects indicated that only in Blocks 4 and 5 did subjects
exhibit significantly more activity in the positive context
than they did in the negative one.

These results showed that rats discriminated between
two contexts that were differentially associated with food,
exhibiting both a preference to remain in the arm con
taining the contextualelement previously paired with food,
and a higher level of activity in that context, The basis
for these differences between contexts would appear to
be the result of associative processes, since the within
subjects design, coupled with the contextual specificity
of behavioral changes, makes a nonassociative account
unlikely. Furthermore, the counterbalancing of contex
tual elements with respect to their relation to reinforce
ment and their position precludes possible unconditioned
effects of the stimulus elements themselves. Thus both
preference and activity level would appear to be measures
of context-US associations in the rat.

The increase in general activity in anticipation of food
presentation is similar to the behavioral changes that have

Experiment 1 provided information about specific be
havioral changes that occur as a consequence of pairing
a set of contextual stimuli with the delivery of food. Ex
periment 2 was designed to investigate whether variation
in the IR! will produce differences in contextual condi
tioning. Preference for particular contexts and anticipa
tory activity were used to assay differences in the strength
of context-US associations. Animals were exposed to dif
ferent VT schedules in each context: VT30 versus VTlSO.
Experiment 2, therefore, represents a test of models that
predict better contextual conditioning under massed condi
tions (e.g., Gibbon & Balsam, 1981; Rescorla & Wagner,
1972) as opposed to models that predict better contextual
learning under spaced conditions (e.g., Solomon & Corbit,
1974; Wagner, 1978).

The present experiment was similar to Experiment 1,
except for some changes in procedure designed to facili
tate discriminative conditioning. The pretraining consisted
of nonreinforced exposure to the contextual elements (in
stead of nondifferential reinforcement); behavioral sam
pling was carried out during the initial 90 sec (instead of
5 min) of only four sessions (instead of each session); and
the food container was eliminated, so that pellets were
scattered about the floor.

Method
Subjects and Apparatus. Twelve experimentally naive female

rats, ofthe same strain, age, and weight as in the previous experi
ment, served as subjects. Maintenance conditions were identical
to those described above.

The apparatus was the same as that used in Experiment 1, with
the following modifications. The food container was eliminated so
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Figure 2. Mean proportion of sampling periods in which sub
jects were active in contexts associated with either a VT30 or a

VTl80 schedule.

text associated with the VT30 (M = 149.7 sec) than they
did in the context associated with the VT180 schedule
(M = 48.6 sec).

A greater difference between contexts emerged in Ex
periment 2 than bad been observed in Experiment 1, which
suggests that some or all the modifications introduced

were effective in facilitating discriminative conditioning.
The asymptotic level of activity in each context appears
to have been reached in under 40 US presentations. This
pattern of results suggests that appetitive contextual con
ditioning can occur relatively rapidly for the rat, as it does
for pigeons (Balsam & Gibbon, 1988; Durlach, 1983) and

ringdoves (Balsam & Schwartz, 1981).
Experiment 2 showed that rats exhibit greater anticipa

tory activity in the presence of a context associated with
a short IR! than in the presence of contextual cues as
sociated with more widely spaced food presentations. In
addition, when given a choice between contexts associated
with different rates of food presentation, the rats consis
tently preferred the one associated with the more frequent
food presentation. Thus it appears that the strength of
context-US associations is greater after massed US pre
sentation than it is after spaced US presentation.

The results of this experiment support the prediction

derived from both the Gibbon-Balsam and the Rescorla
Wagner models-that shorter IRIs produce a higher asymp
totic strength of the appropriate contextual elements. This
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that pellets fell onto the floor. The two contexts were distinguished

by the materials on the floors and walls. One context had two wood
plates (66 x20 cm), with black (2-cm-wide) and white (4-cm-wide)

vertical stripes located in the two sidewalls and in the light-blue

formica floor. The second context had white formica walls and an

alurninum plate (59 X 32 cm) placed on the floor.
Procedure. The animals received one 5-min unreinforced preexpo

sure session in the presence of each of the contexts on each of two

consecutive days. The order of presentation and position of each

element in each of the maze's arms were counterbalanced across
subjects. The second preexposure session in each context was

preceded by 90 sec ofbehavioral sampling. Activity was recorded
at sampling intervals of 10 sec, following the technique described

in Experiment 1.
Conditioning involved 20 daily sessions. In half of the sessions,

food was presented on a VT30 schedule (range, 11-46 sec), and

in the remaining sessions, food was presented on a VT180 sched
ule (range, 69-279 sec). In a given day, half of the animals were
trained under VT30 and halfunder VT180. For half ofthe animals,

the vertical stripes were paired with the VT30 schedule, and the
alurninum plate was paired with the VT180 schedule; for the rest,

the relationship was the opposite. The order of conditions across

sessions was pseudorandom, with the restriction that a given con
text was not presented for more than two successive sessions. Ten
pellets of rat chow (0.2 g each) were delivered in each session. Dur

ing the initial 90 sec of Sessions 9, 10, 19, and 20 (two sessions
for each VT condition), two independent observers recorded ac
tivity according to the definition and sampling procedure described

for Experiment 1. An interobserver index of agreement was cal

culated by dividing the smaller frequency of activity scored by one
observer over the larger one, for each animal and session. An aver

age score was then calculated for each animal, and then a general
mean of this index was computed for all animals. This value was
0.92. Finally, on the day following the last training session, the

animals were given a preference test identical to those in Ex

periment 1.

Results and Discussion
By the third session, most ofthe animals ate the pellets

immediately after food delivery. One animal failed to eat
all of the pellets immediately after delivery in Session 5,
and a second animal failed to eat all of the pellets immedi
ately during Sessions 5, 7, and 9. Nevertheless, their

scores were included in all the analyses.
During the pretest, activity levels were similar in both

contexts (mean proportion of intervals with activity for
VT30 and VT180 contexts were 0.51 and 0.46, respec
tively). After five sessions of exposure to each VT sched
ule, the animals were exhibiting a higher proportion of

activity in the context associated with the shorter 00, and
the difference was replicated in the data collected prior
to the last training session in each context. These results
are presented in Figure 2 in terms of the proportion of
sampling periods (out of a maximum of 9) in which ac
tivity was scored. An IR! X sampling session ANOVA

(both factors with repeated measures) indicated that ac
tivity was significantly higher in VT30 than it was in
VT180 [F(l,ll) = 17.62, P < .01]. There was no sig
nificant effect of sampling session, nor was there a sig
nificant IR! x sampling session interaction.

The results of the preference test that followed the final

conditioning session showed that the animals spent signif
icantly [F(l, 11) = 1O.%,p < .01] more time in the con-
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Results and Discussion
All of the subjects consumed the pellets immediately

after presentation by the end of the first session. Rats

tended to exhibit more activity when food was cued by

the aluminum plate, but since this effect occurred from
the first sampling session, it appears to 00 an uncondi

tioned effect of this stimulus upon performance. The main

results ofthe experiment are presented in Figure 3, where

data from both contexts were pooled to show only the ef

fect of IR!. The figure shows the proportion of sampling

periods in which activity was scored as a function of the

VT schedule, during each of the four sessions in which
behavioral samplings were carried out.

An IR! x context x session ANOVA indicated that

there was a significant main effect of IR!. The animals

trained on the VT30 schedule displayed significantly more

anticipatory activity than did those trained under the VT ISO

Conditioning began the day after pretraining and lasted for 15 daily

sessions. In each session, animals received 10 pellets of rat chow
(0.2 g each). In Group 30 (n = 12), the 10 pellets were delivered

according to a VT30 schedule. In Group ISO(n = 12), pellets were

provided according to a VTlSO schedule. Half of the animals in

each group were trained in each context. Unfortunately, 2 animals
trained with VT30 in the context with the aluminum plate had to

be dropped from the experiment because of illness. Using obser

vation procedures identical to those in the previous experiments,
activity during the initial 100 sec of Sessions I, 5, 10, and 15 was

recorded. No USs were delivered during the observation period.

Figure 3. Mean proportion of sampling periods in which sub
jects were active in contexts associated with either a VTJO or a
VTlSO scheduIe.

EXPERIMENT 3

Method
Subjects and Apparatus. Twenty-four rats (derived from

Sprague-Dawley strains), all males, 90 days old, and experimen

tally naive, served as subjects. Housing and deprivation conditions

were as in Experiment 2. The conditioning boxes and the contex

tual cues were those used in Experiment 2. The only difference was
that each animal was exposed to only one box; therefore, for half

of the animals, the box contained the vertical black and white stripes
on the walls and the light-blue floor, whereas for the remaining

animals, the walls were white and the floor was covered by the alu

minum plate.

Procedure. Pretraining consisted of a 5-min session of exposure
to the conditioning box, without the contextual elements (vertical

stripes on the walls or metallic plate on the floor) and without USs.

An unusual feature of Experiment 2 as opposed to pre

vious studies on the effect of IR! is the use of a within

subjects design. Such designs may 00 more sensitive, 00
cause in addition to differences in associative strength,

they are sensitive to potential contrast effects that may

enhance the phenomenon. If the results of the previous

experiment depend on the use of a within-subjects design,

the generality of the influence of IR! on context may 00

severely limited (see Holder & Roberts, 1988). There

fore, it was relevant to determine the extent to which the

effect of IR! would 00 the same when independent groups

trained with different schedules were compared. In addi
tion, this experiment differed from the previous ones in

two other ways. First, we used rats from a different strain
(Sprague-Dawley) and sex to determine the extent to

which the effect of the IR! on anticipatory activity was

peculiar to these features in the previous experiment. Sec

ond, we used different contextual cues in independent

groups to determine whether acquisition speed depends

to some extent on the availability of multiple contexts of
different associative value.

provides indirect support for the theories in which it is

supposed that trial spacing effects are mediated by context

es interactions. Specifically, these data give credence to
the hypothesis that the associative strength of the context

may either block the leaming of discrete ess (Rescorla

& Wagner, 1972) or interfere with the control of perfor
mance by discrete ess (Gibbon & Balsam, 1981) under

relatively short, as compared to long, ITIs (e.g., Gibbon,

Baldock, Locurto, Gold, & Terrace, 1977; Rescorla &

Durlach, 1987).

These results are inconsistent with Wagner' s rehearsal

model and the opponent-process theory, both of which

predict facilitated conditioning with longer IRIs. In addi

tion, the present data disagree with previous experiments

on the effects of the IR! in the acquisition of contextual
conditioning (Bolles & Riley, 1973; Fanselow & Tighe,

1988; McAllister et al., 1974). There are some potentially

important procedural differences between these experi

ments, but the robustness of the effects reported in the

literature suggests that an important parameter may 00

the type ofreinforcer used (i.e., aversive vs. appetitive).
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schedule[F{1,18) = 23.67,p < .01]. Therewasalsoa
significant effect of context [F{1,18) = 5.73, p < .05]
on activity. The increasing difference between groups over
sessions was reflected in a significant IRI X sessions inter
action [F(3,54) = 7.11, p < .01]. No other interactions

were significant.
As in the previous experiment, the current results in

dicate that there is greater appetitive contextual condition
ing after exposure to massed US presentation than there
is after more widely spaced food presentation. The use
of a between-subjects design shows that thiseffect is not
dependent on a contrast between reinforcement conditions
in the training situation. Hence, the differences between
the current results and those that have been reported for
aversive conditioning (see introduction) do not seem at
tributable to the use of a particular type of experimental
design. In addition, the presence of the same pattern of

results in two different strains of rats and both sexes (in
Experiments 2 and 3) suggests that the difference between
aversive and appetitive conditioning is also not likely to
be due to subject differences.

EXPERIMENT 4

The discrepancy between prior experimental results in
volving the effects of IRI in aversive contextual condition
ing and the present results suggests that it may be worth
while to determine the generality of the effect for the
appetitive case. In the next two experiments, we employed
a training situation that was very different from that used
in the previous studies. First, the subjects were ringdoves
instead of rats. Second, we looked at conditioned activity
in extinction as weIl as before and during conditioning
sessions. Experiment 4 validated the use of general loco
motor activity as an index of contextual conditioning, and
in Experiments 5 and 6, we examined the effect of vary

ing the IR! on conditioned and unconditioned activity.
In Experiment 4, we employed a between-subjects de

sign to investigate whether or not unsignaled US presenta
tions result in conditioned locomotor activity in ringdoves.
Two groups of subjects were given food presentations fol
lowed by nonreinforced exposure to contextual cues that

were either the same as or different from the cues that
were present during the food presentations. If the activity
induced by food presentation is a conditioned behavior,
then subjects tested in the presence of the pretrained cues
should be more active than subjects tested in a novel con
text. Furthermore, like other conditioned responses, the

contextual CRs should decline during extinction and show
spontaneous recovery across sessions.

Method
Subjects. Twelve experimentally naive ringdoves (Streptopelia

roseogrisea) maintained at 85% of their free-feeding weights
(120-150 g) served as subjects.

Apparatus. Four identical Coleman ice chests were convertedinto
conditioning chambers with internal dimensions of33x30x26 cm.
All ofthe walls were painted with a flat-black enamel. Though not
used in the current experiment, one response key, 2.5 cm in di-

ameter was located 12 cm above the floor and 8 cm to the left of
the midline of the intelligence panel. The floor consisted of a 2 x 3
array of 14x9.5 cm movable panels. Each panel was hinged along
the narrow dimension to one wall (either to the intelligence panel
or to the parallel wall) and rested on a microswitch. Approxirnately

85 g of weight in the center of each panel caused a switch closure.
White noise (80 dB, SPL in front of the feeder) could be presented
through a speaker mounted behind the intelligence panel. General
illumination was provided by four No. 1829 bulbs mounted at the

top of the panel. There was a 6.5 x6.5 cm hopper aperture 3 cm
above the floor and centered in the intelligence paneL The hopper
was equipped with a photocell used to sense the entrance of a bird's
head into the aperture .

A cardboard shell that could be inserted into each chamber was
used to create visually distinct contexts. Each shell had a cutout
for the response key and for the feeder opening. The inside of the

shell was covered with vinyl contact paper that had a floral print
on a white background. When the shell was in place, a low level
of ambient illumination inside the chamber provided whatever light
from the houselights penetrated the shell and entered through the
cutouts, and the white noise was tumed off. Thus there were two
physical contexts: one was the bright, noisy, black-walled cham
ber; the other was the dirn, quiet, lined chamber.

Procedure. All birds were exposed to 25 daily sessions in which
20 feeder presentations were initiated on an FT36 schedule. The
first session began with the feeder in the raised position and some
grain resting on the lip ofthe aperture. All subsequent sessions be
gan with a 36-sec period signaled by the onset of the houselights.
All feeder presentations were timed from the moment when the sub
ject interrupted the photocell and lasted for 4 sec. Half of the sub

jects were trained in the bright, noisy, black context, and the re
mainder of the subjects were trained in the dim, quiet, lined context.
All birds were then exposed to five context extinction sessions con
sisting of 720 sec of nonreinforced exposure to the experimental
chamber. For half of the birds, extinction sessions occurred in the
context that had been present during the previous training phase.
The remaining birds were given nonreinforced exposure to the con
text that they had not yet experienced. In the next phase of the ex
periment, the birds were given 4 additional context extinction ses
sions in the alternate context. Thus, following conditioning, all birds
experienced 9 sessions of nonreinforced exposure to the experimental
chamber. Half of the birds (Group Same-Diff) experienced 5 of
these sessions in their training context, followed by 4 sessions in
a novel context. The remaining birds (Group Diff-Sarne) ex
perienced 5 sessions in the novel context, followed by 4 sessions
in their training context.

Activity scores consisted of the accumulated closures of the floor
switches as the dove moved around the experimental chamber. The
dependent variable in the current studies consisted of these activity
scores for the period prior to US presentation at the start of each
session and the activity recorded during extinction sessions.

Results and Discussion
During feeder training, all birds quickly learned to eat

from the feeder. Within two sessions, all birds were eat
ing with an average latency of less than 2.7 sec.

All birds showed considerable levels of activity during
the initial phase of Experiment 4. The mean level of ac
tivity during the last five training sessions was 14.54
responses/min for the group tested in their training con
text during Phase 2, and it was 15.89 responses/min for
the group subsequently tested in the novel context. The
mean level of activity during the beginning of these ses
sions (prior to any US presentation) was equal to 11.08

responses/min and 15.19 responses/min for the Phase 2
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Figure 4. Mean lIdivity rate during oonreinforced exposure to the
context is shown in session quartiles. Each session is separated by
the vertical Unes. Group 1 was first tested in the training context
and then tested in a different context, as shown hefore and after
the hatched Une. Group 2 was first tested in a context different from
the training context and then retumed to the training context for
the last four sessions.

groups tested in the training and novel contexts, respec
tively. Ouring this first phase of the experiment, there
was no statistical difference between these groups in either
the total activity in training sessions or the activity prior
to the first US presentation [Fs(l,lO) < 1.9, P > .05].

The mean level of activity during extinction sessions
is shown in Figure 4. Bach session is divided into quartiles
(l80-sec periods). The activity levels in each phase of ex
tinction testing were analyzed separately in a groups x
sessions x blocks ANOVA. Ouring the first extinction
test, the birds tested in the training context (Group Same
Diff) were significantly more active than the birds tested
in the novel context (Group Oiff-Same) [F(I,lO) = 5.89,
p < .05]. Activity decreased across sessions [F(4,40) =

7.07, p < .01] and across blocks within a session [F(3,30)
= 10.67, p < .01]. The birds tested in the training con
text also showed spontaneous recovery from the end of
I day to the beginning of the next, The attenuated differ
ence between groups with increasing nonreinforced expo
sure to the contexts was reflected in significant groups
X sessions [F(4,40) = 4.83, p < .01] and groups x
blocks [F(3,30) = 4.87,p < .01] interactions. Noother
interaction was significant. A test of simple main effects
showed that the groups differed significantly from each
other on Oays 1, 2, and 5 [Fs(l,lO) > 5.0, p < .05].

Oata from the second phase of extinction testing showed
a sirnilar pattern of results. Again, the birds returned to
their training context (Group Oiff-Same) responded at
significantly higher levels than did the birds tested in the
novel context (Group Same-Diff) [F(l,lO) = 4.93,p <
.05]. Activity decreased over sessions [F(3,30) = 10.17,
p < .01] and blocks [F(3,30) = 42.71, p < .01]. The
significant groups X blocks [F(3,30) = 15.42, p < .01]
and groups X sessions [F(3,30) = 5.12, p < .01] inter-
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actions reflected the attenuated difference between groups

within and across sessions. The attenuation of spontane
ous recovery across sessions was reflected in a signifi
cant sessions x blocks interaction [F(9,90) = 3.22, p <
.01]. Finally, the groups x sessions x blocks interaction
was also significant [F(9,90) = 3.53, p < .01]. Tests of
simple main effects showed that there was a significant
difference between groups only on the Ist day of this phase
[F(l,lO) = 8.17, p < .05].

As in the previous experiments with rats, a substantial
amount of conditioned locomotor activity occurred as a
result of unsignaled food presentation. Four findings in
Experiment 4 argue that a large portion of this activity
is, in fact, a CR controlled by contextual cues previously
paired with food. First, substantial activity occurred prior
to reinforcer presentation in each training session. Sec
ond, like other conditioned responses, this activity declined
as a result of nonreinforced exposure to the CS (context).
Third, the response showed spontaneous recovery from
the end of one extinction session to the beginning of the
next session. Finally, the context switch manipulation
showed that this activity occurred only in the presence
of contextual cues previously paired with the USo Thus,
activity controlled by the context exhibits many of the
usual properties of a CR.

EXPERIMENT 5

In the previous experiments with rats, it was found that
there was an inverse relationship between conditioned
activity and the duration of the IRI. In Experiment 5,
we examined this relationship in ringdoves by using the
methods developed in Experiment 4.

Method
Subjects and Apparatus. Nine experimentally naive ringdoves

maintainedat 85% oftheir free-feeding weights (120-150 g) served
as subjects. The apparatus was identical to the unlined chamber used
in Experiment 4.

Procedure. As in Experiment 4, the first session began with the
feeder in the raised position and some grain resting on the lip of
the aperture. Feeder presentations were timed from when the sub
ject interrupted the photocell and lasted for 4 sec. The birds were
exposed to daily sessions in which 20 feeder presentations were
initiated on one of three FT schedules: FT36, FT72, or FTl44.
Each subject was exposed to all FT values, and the order of ex
posure to schedules was counterbalanced across subjects. Each FT
schedule was in effect for 12 consecutive sessions.

Results and Discussion
All birds quickly ate from the hopper within the first

session. As in Experiment 4, the birds showed a great deal
of activity throughout conditioning sessions at all IRIs.
The activity rate prior to presentation of the first US is
shown in Figure 5, averaged across the last five sessions
of exposure to each of the IRIs. A one-way, repeated mea
sures ANOVA showed a significant effect of IR! on
anticipatory activity [F(2,16) = 5.75, p < .05]. Pair
wise comparisons showed that subjects were significantly
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Figure 5. Mean activity rate during the last five sessions of ex
posure to each of the interreinforcement lntervals, The pre-US rate
represents the activity recorded at the beginning of a session prior
to US presentation.

more active at the 36- and 72-sec IRIs than they were at
the 144-sec IRI [ts(8) = 3.04 and 2.47, respectively;
ps < .05].

These results replicate the inverse relation between IRI
and strength of context conditioning found in the studies
with rats (Experiments 2 and 3). These findings are in
consistent with theories that posit increases in US process
ing or effectiveness with increases in the IRI (Solomon
& Corbit, 1974; Wagner, 1978, 1981), and they are con
trary to the previously described empirical relationship
found in aversive conditioning.

In addition, the results of Experiment 5 show that one
needs to be cautious in interpreting the results of studies
on the effects of varying the IRI on interim or adjunctive
behavior in which subjects are exposed to repeated US
presentations. In those studies, it is generally not possi

ble to tell whether the measured behaviors were elicited
by the previous reinforcer or conditioned responses in an
ticipation of impending reward. For example, our find
ing that substantial activity is conditioned to contextual
cues and that the amount of activity is inversely related
to the IRI runs counter to previous conceptualizations of
this activity in terms of the cumulation of unconditioned
arousal (Killeen et al., 1979). More generally, these
results highlight the difficulties of inferring the underlying
cause of behavior from its time of occurrence in the IRI
(Falk, 1971; Staddon, 1977). It seems worthwhile to in
vestigate the source ofcontrol for other schedule-induced,

adjunctive, or interim behaviors in designs that permit the
differentiation of conditioned and unconditioned behavior
(see, e.g., Minor, 1987).

EXPERIMENT 6

In the current experiments, an inverse relationship be
tween conditioned activity and the duration of the IRI was
obtained in contrast to the opposite relation that has been
described for aversive USs. Although it is possible that
there may be different rules for appetitive and aversive
learning, there are also enough procedural differences be
tween our experiments and studies of aversive control that
they cannot be ruled out as important factors in produc
ing the differing results. For example, the range of IRIs
studied in both the aversive and the appetitive cases has
not been that extensive. If there was abitonic relation
ship between IRI and contextual conditioning, researchers
in the aversive studies may have been studying one arm
of this function, whereas in our appetitive studies, we may
have inadvertently examined the other arm of the function.

It is indeed difficult to imagine that contextual condi
tioning in the aversive case would increase monotonically
as the IRI is increased. At the extreme, the nonreinforced
period of the IRI should be long enough to result in sub
stantial extinction. Some empirical support for this hypoth
esis comes from studies of unsignaled avoidance. To the
extent that unsignaled avoidance procedures are mediated
by contextual fear, subjects do prefer longer times be
tween shocks to briefer times between shocks (Hineline,
1977; Sidman, 1962). In addition, there is some evidence
that no freezing will occur when shocks are very widely
spaced (Fanselow & Lester, 1988). Thus it is possible that
spacing aversive USs does decrease contextual condition
ing over some range of IRIs. In the appetitive case,
perhaps, IRIs briefer than the ones we employed in the
previous experiments would result in diminished appeti
tive contextual conditioning.

The purpose of Experiment 6 was to investigate this
possibility by exposing subjects to very brief IRIs, well
within the range ofIRIs studied with aversive USs. Ring
doves were exposed to IRIs of 6 and 36 sec, and condi
tioned activity was measured both prior to the start of each
session and during extinction sessions following training
sessions at each IRI.

Metbod
Subjects and Apparatus. Eight ringdoves (Streptopelia roseo

grisea) maintained at 85% of their free-feeding weights served as
subjects. These birds had previous experience in autoshaping ex
periments with keylight CSs andgrain USs. The apparatus was iden
tical to the unlined chamber used in the previous experiment.

Procedure. The birds were first exposed to two 20-min back
ground extinction sessions during which no USs were presented.
After these two sessions, all birds showed very low activity rates.
Subsequently, the birds were exposed to daily sessions in which
20 4-sec feeder presentations were initiated on either an FT6 or

an FT36 schedule. Each session began with a IOD-sec period dur
ing which no USs were presented. Each bird was exposed to both
FT values, and the order of exposure to schedules was counter-
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GENERAL DISCUSSION

The present series of experiments strongly supports ~ e

hypothesis that when appetitive USs are p r ~ ~ n ~ with
short IRIs there is greater contextual conditioning than
is observed after exposure to longer IRIs. This relation

ship was found in ringdoves and in two strains of rats .

It was observed both in terms of anticipatory activity levels
elicited in the presence of the contextual stimuli previ

ously paired with food, and in terms of a preference. for
contexts associated with higher rates of food presentation.

It was found in between- and within-subjects designs,

showing that the effect is context-specific. Finally, it was

found to be reversible; animals exposed to a short FT

schedule could later develop an activity level appropriate

to a longer FT schedule, and vice versa.

In contrast to the typical deleterious effects of massed
practice upon learning about a signal, contextuallearn

ing benefited from the massed delivery of food. These

results are consistent with the Rescerla-Wagner and
Gibbon-Balsam models, both of which predict greater

conditioning of contextual cues paired with more frequent

USs. This finding is also relevant to an understanding of

the above-mentioned effects of rnassed training on the for

mation of CS-US associations. These models claim that
response deficits after massed CS-US training are caused

by the strengthening ofcontext-US associations, a l t h o u ~ ,
as noted earlier, the mechanisms postulated as underlymg

this effect are different. Nevertheless, to the extent that

the current experiments confirm that widely spaced USs

produce less context conditioning than closely spaced USs

do, they support the hypothesis that contextual condition
ing might mediate the trial spacing effect (Gibbon et al.,
1977; Rescorla & Durlach, 1987).

Dur results appear to be inconsistent with other models

that anticipate the strength of contextual conditioning pro

duced by unsignaled US presentation to be at least as great

with spaced training as with massed training (Solomon
& Corbit, 1974; Wagner, 1978, 1981). However, the

specific application of these models to particular experi
ments allows for a great deal offlexibility in predictions.

Specific predictions depend on the temporal dynamics of

the particular response system being studied, For exam

ple, if food USs induce a relatively long-lasting and strong
primary state and a relatively brief and weak secondary

state, rnassed training might result in cumulation of the

primary state and augmented conditioning. Furthermore,
Wagner's (1981) analysis allows for the conditioned

primary and secondary states to be either antagonistic or

our previous studies. Hence, there is no evidence of a bi

tonic relationship between IRI and appetitive contextual

conditioning. Although it is possible that we have not sam

pled the appropriate IRIs for detecting a bitonic ~ n c t i ~ n ,

we think it more likely that we have found a rehable dif

ference between the appetitive and aversive cases. The
possible reasons for such differences are discussed in the

next section.
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balanced across subjects. Each FT schedule was in effect for four
consecutive sessions. Following exposure to each ofthe FT sched
ules, the birds were given one 20-rnin session of nonreinforeed ex
posure to the experimental ehamber.

Results and Discussion
All subjects quickly ate from the hopper within the first

session. As in Experiment 5, the birds showed a great deal

of activity throughout conditioning sessions at both IRIs.

The mean activity rate during the extinction sessions fol

lowing exposure to each of the IRIs is shown in Figure 6.
All birds were more active in the extinction session fol

lowing exposure to the shorter IRI. A repeated measures

t test showed that following exposure to the 6-sec IRI,

the birds were significantly more active than they were

following exposure to the 36-sec IRI [t(7) = 3.53, p <
.01]. An additional measure of conditioned activity was

obtained through examination of the average activity rate

prior to US presentation during the last sessions of ex
posure to each of the IRIs. One subject did not move at

all at the start of its session under either IRI. Neverthe

less, the mean activity rates in anticipation of the first US
were 8.48 and 4.65 responses/min for the 6- and 36-sec

conditions, respectively. Because ofthe inactive subject,

there was only a borderline significant difference between

conditions on this measure [t(7) = 2.34,p < .06]. Ifthat

subject is excluded from the analysis, the statistic reaches

conventional significance levels [t(6) = 2.46, P < .05].
These results again replicate the inverse relation be

tween IRI and strength of context conditioning found in

IRI (a)

Figure 6. Mean activity rate during the beckground extinction ses

sion followiDg each of the interreinforcement intervals.
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synergistic. Thus the particu1ar parameters of an experi
ment will interact with the dynamic and motivational
properties of a partieu1ar response system and may pro
duce outcomes ranging from facilitation to interference
as a result of massing US presentations. It is therefore
possib1e to account for both the effects of food spacing

found in the current experiments and the exact opposite
results of studies employing aversive USs (Bolles& Riley,
1973; Fanselow & Tighe, 1988; McAllister et al., 1974).

The dynamic theories suggest two accounts for why
food and shock USs rnight produce different trial-spacing
effects. First, shocks may induce an opponent state that
reduces US effectiveness, whereas food may not. Evi
dence (Fanselow, 1991; Fanselow & Bolles, 1979) does
suggest that shock presentations trigger an endogenous
analgesie mechanism. A shock-induced analgesie process
cou1d serve to reduce the functional magnitude of the
aversive US. In addition, this analgesie effect may have
a conditioned component (Fanselow, 1981, 1984; Grau,
1987; Lys1e & Fow1er, 1988; Ross & Randich, 1985) that
attenuates conditioned fear during testing. Along these
1ines, Fanselow (1981) has shown that when rats are given
the opioid antagonist naloxone, there is an increment in
aversive contextual conditioning. Thus the effects of IRI
on aversive contextual conditioning may reflect an inter
action of the conditioned analgesie response with the con
ditioned fear response. Ifthe analgesie response is some
how more strong1y conditioned at short IRIs, one rnight
find less fear exhibited after training with short IRIs as
opposed to long IRIs. Although it is uncertain that massed
US presentation does in fact serve to evoke a greater op
ponent process, increases in shock intensity do increase
the analgesic effect (Fanselow & Bolles, 1979; Hayes,
Bennett, Newlon, & Mayer, 1978). Perhaps the use of
relatively mild shocks during training or the use of nal
oxone during training and/or testing would more clearly
reveal the effects of IRI on the strength of context-US
associations. On the other hand, food USs might pro
duce a conditioned or unconditioned secondary state that
augments the primary state, resulting in greater excitatory
responding after massed US presentations. Thus the dif
ferences between food and shock USs might be the result

of differences in the processing and/or motivational dy
namics of the primary and secondary states educed by
these stimuli.

Though possible, this is an unlikely account of the pres
ent results. Kaplan (1984) found that in an explicitly un
paired procedure with intervals from US to CS comparable
to our US-US interval, pigeons showed good inhibitory
conditioning. Thus the dynamic properties of the feeding
system would seem to require that the secondary state be
active at the time of US presentation and that the second
ary state be antagonistic to the primary state. It should
be noted, however, that Kaplan used pigeons as subjects,
whereas in the present experiments we employed ring
doves and rats.

There is no apriori reason to assurne that there is a
divergence in learning principles produced by the use of

hedonically different USs; as far as is known, aversive
learning follows the same principles as appetitive learn
ing does (Mackintosh, 1974, 1983), although there may
be parametric differences. Thus an account of the be
havioral divergence such as the preceding one has much
appeal. However, there are still enough procedural dif
ferences between the experiments for one to be cautious
about invoking a difference in the underlying processes
as the reason for the discrepancy in findings.

First, as mentioned earlier, there is perhaps abitonic
function between IRI and context conditioning; through
bad fortune, we may have failed to choose IRI values that
would reveal this relation. Second, since we held the num
ber of USs per session constant in each of our experi
ments, IRI was confounded with total time in the context.
However, it is unclear how this might account for the dif
ference between results in appetitive and aversive situa
tions. Third, in all of the aversive experiments a single
training day has been used, whereas in our experiments,
we have used many US presentations over multiple days.
Perhaps length of training and/or number of USs per ses
sion are crucial modulators of the relation between IRI
and context conditioning.

Another difference between the aversive and the appeti
tive experiments lies in the dependent measures used in
each case. It is possible that regardless of the nature of
the US, massed presentations induce more general activity
than spaced presentations do. If one measures general ac
tivity, the results of the current appetitive experiments
would be obtained. On the other hand, if one measures
the periods oftime in which there is no movement (freez
ing), the opposite relation would result. Thus the appar
ent difference between the appetitive and aversive results
may stern from a difference in measurement and not a
difference in underlying process.

Finally, if the results of the aversive conditioningexper
iments do reflect conditioned fear, it is possible that the
specific responses that are induced may change as a func
tion ofthe IRI. Fanselow (Fanselow, 1989; Fanselow &

Lester, 1988) has suggested that a dimension of preda
tory imminence underlies response selection in aversive
Pavlovian conditioning. In this view, CR topographies
may change as a function of the imminence of the aver
sive stimulus. Thus Fanselow (1989) acknowledges that
conditioned fear may be stronger with short IRIs than with
long IRIs, but rats may be less likely to manifest that fear
by freezing when a shock is quite imminent.

In summary, we have shown that appetitive contextual
conditioning is enhanced by relatively massed food presen
tation, a finding that is consistent with some models of
Pavlovian conditioning (Gibbon & Balsam, 1981; Res
corla & Wagner, 1972) and presents some difficulties for
other accounts based on US processing (Wagner, 1978,
1981) or opponent processes (Solomon & Corbit, 1974).
The fact that this relation is the opposite of that reported
for aversive conditioning opens some important questions
about the commonalities and differences between appeti
tive and aversive conditioning.
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