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Maintenance of responding when
reinforcement becomes delayed

DANIEL S. J. COSTA AND ROBERT A. BOAKES
University of Sydney, Sydney, Australia

In four experiments with rats, we examined the persistence of behavior when reinforcement was switched
from immediate to delayed. In Experiment 1, lever pressing elicited by instrumental training with immediate re-
inforcement continued when a 20-sec delay of reinforcement was introduced (easy-to-hard condition), whereas
when the delay condition was introduced from the start (hard-to-hard condition), responding remained low
throughout. A similar result was obtained in Experiment 2, in which lever pressing was elicited by a classical
conditioning (autoshaping) procedure. In Experiment 3, rats initially trained with delayed reinforcement contin-
ued to respond at a low rate when switched to immediate reinforcement (hard-to-easy condition). By measuring
magazine entry (goal tracking) as well as lever pressing (sign tracking) in Experiment 4, we confirmed that such
transfer effects at least partly involve the persistence of whatever type of behavior was initially dominant.

An important theoretical challenge that has received
relatively little attention in recent years is to explain the
maintenance of behavior after initial acquisition condi-
tions have been degraded. As pointed out by Rescorla
(1989), current associative theories in general predict that
if the conditions required to support acquisition of some
conditioned behavior are altered deleteriously, this change
should produce a corresponding reduction in responding.
Most such theories are unable to account for examples in
which responding persists, despite a change in the condi-
tions that do not support acquisition of the response. Such
an example was provided by Rescorla: He used a classical
conditioning procedure with a 1.0 contingency between
keylight and food to establish autoshaped key pecking by
pigeons, and then he degraded the keylight—food contin-
gency by introducing unsignaled food deliveries. Control
subjects exposed to this new contingency from the outset
failed to acquire the key-pecking response. In contrast, the
pigeons that had initially been trained on the 1.0 contin-
gency continued to peck the keylight under the new condi-
tions with very little change in their response rate.

The particular example examined in the present experi-
ments is the transition from immediate to delayed rein-
forcement. Since Thorndike (1911), the interval between
a response and reinforcement has been recognized as one
of the most fundamental factors affecting both the acqui-
sition and maintenance of instrumental behavior. Thus,
in the present case of rats pressing a lever that produces
a delivery of food, if there is a delay of several seconds
between a leverpress and the delivery of food, acquisi-
tion of lever pressing is severely retarded, and respond-
ing continues at a lower rate than when reinforcement is
immediate (see, e.g., Dickinson, Watt, & Griffiths, 1992;

Logan, 1952; Perin, 1943; Williams, 1999). The empirical
question addressed here is what happens when first a rat is
trained with immediate reinforcement and then reinforce-
ment is delayed.

Data bearing on this question were obtained by Harker
(1956). Three of Harker’s five groups are of particular in-
terest here. For one of them (Group II), there was a 10-sec
delay between a leverpress and the subsequent delivery of
a food pellet throughout 90 trials of training; as expected,
this resulted in much slower acquisition than occurred in
a group with a 1-sec delay of reinforcement throughout
(Group I). The most interesting group (Group III) had a
1-sec delay of reinforcement for the first 40 trials and was
then switched to a 10-sec delay for the remaining 50 tri-
als. This switch produced no detectable change in perfor-
mance; rats in this group continued to respond as rapidly
as those in the 1-sec group (Group I).

A feature of Harker’s (1956) procedure limits the use-
fulness of his data with respect to our present concerns.
He arranged that if a rat had not pressed the lever within
30 sec of the latter’s insertion into the chamber, a food pel-
let would be delivered. Thus, to use much later terminol-
ogy, he used a procedure similar to autoshaping that com-
bined both classical and instrumental contingencies (Myer
& Hull, 1974). In what appears to be the only published
follow-up to Harker’s experiment, touching a retractable
lever was the instrumental response in an experiment that,
like Harker’s study, had a discrete-trial procedure to study
transitions from short to longer delays of reinforcement.
Messing, Kleven, and Sparber (1986) described their pro-
cedure as “autoshaping,” since if no lever touch had oc-
curred by the end of a 15-sec trial, a response-independent
food pellet was delivered. Although in their study the re-
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inforcement delay lengthened in 2-sec steps—from 0 to
8 sec—instead of the abrupt jump from a 1- to a 10-sec
reinforcement delay for Harker’s Group III, the main con-
clusion was the same: Rats that had acquired a response
under short delay conditions later continued to respond at
a high rate, despite a delay of reinforcement that, if it had
been introduced from the outset of training, would have
produced only very slow acquisition and only a low level
of performance after many training sessions.

The use of a combination of instrumental and classical
procedures in these two early experiments makes it diffi-
cult to analyze the basis of the transitions from a short to a
long delay of reinforcement. In the experiments reported
here, we used either a purely instrumental procedure
(Experiment 1) or a purely classical procedure (Experi-
ments 2, 3, and 4). In terms of classical conditioning re-
search, a few studies have noted the persistence of human
eyeblink responses (Prokasy, Ebel, & Thompson, 1963)
and rabbit nictitating membrane responses (Prokasy &
Papsdorf, 1965) when the interstimulus interval (ISI) was
lengthened, either abruptly or in steps, from an initial (and
optimal) setting of 500 msec to a value of 2,500 msec,
which would not support initial acquisition of the condi-
tioned response. More limited easy-to-hard transfer of this
kind has been found when the conditioned stimulus mo-
dality was also changed as the ISI lengthened (Kehoe &
Holt, 1984). Finally, conditioning an aversion to one taste
using a short delay can facilitate subsequent acquisition of
long-delay aversion learning to a second taste (Westbrook
& Homewood, 1982).

Our original reason for examining the transition from
immediate to delayed reinforcement came from the con-
sideration that it might be analogous to the easy-to-hard
effect found in discrimination training, an effect amply
documented since Pavlov (1927; see, e.g., Lawrence,
1952). An animal trained from the outset to discriminate
between a pair of very similar stimuli (kard condition)
may continue to perform poorly despite extensive train-
ing, whereas one trained initially to discriminate between
a pair of stimuli that are more widely spaced along the
same continuum (easy condition) and then transferred to
the hard discrimination may show good performance on
the latter.

An explanation for such easy-to-hard transfer is offered
by Mackintosh’s (1975) attentional theory of associative
learning and its analysis of transfer along a continuum (see,
e.g., Mackintosh & Little, 1970; Scahill & Mackintosh,
2004). A possible application of such a theory to transfer
from immediate to delayed instrumental reinforcement
is to assume that immediate reinforcement increases the
associability of the instrumental response and that this in-
creased associability is sustained after the transition to de-
layed reinforcement, so that the response-reinforcement
association remains relatively unaffected. In contrast,
when reinforcement is delayed from the outset, the lever-
press has to compete with various contextual stimuli for
association with reinforcement (Williams, 1999), so its
associability is not greatly increased. A closely related
possibility follows from the finding that discrimination
learning with delayed reinforcement is enhanced if both

response alternatives are “marked” (Lieberman, McIn-
tosh, & Thomas, 1979; Lieberman & Thomas, 1986).
Thus, in the present case, immediate reinforcement may
“mark” the single instrumental response in a way that al-
lows the response—reinforcer association to be maintained
when the reinforcer is delayed.

A very different account is based on the possibility
of competition at a behavioral level. Thus, in Harker’s
(1956) experiment, although he did not report these data,
the group given 10-sec-delayed reinforcement from the
outset are likely to have responded on fewer of the trials,
and thus to have received more free reinforcements than
the group given 1-sec reinforcement from the outset. This
would make it possible for free food delivery to reinforce
behavior other than lever pressing, and this other behavior
would have competed with the lever pressing. Also, given
what was discovered later about pairing lever-related
stimuli with food delivery, it is likely that the classical
contingency would have generated competing sign- and
goal-tracking responses (see, e.g., Boakes, 1977); consis-
tent with this suggestion is Harker’s note that his rats “fre-
quently took the bar in their teeth or dug in the food cup”
(p- 309). On the other hand, by the time that the subjects
in Harker’s critical group (I11) were transferred from 1- to
10-sec reinforcement, lever pressing would have become
their dominant behavior.

A similar explanation could apply to the rats in Messing
et al. (1986), which were given an 8-sec delay of reinforce-
ment throughout training. In this case, data were reported
showing that at least half of the 12 reinforcers provided in
each session followed behavior other than lever touching.
What form this behavior took is not known, other than that
it was not rearing; the latter was the only other response
measured in this study, and it turned out to be unaffected
by delay of reinforcement.

Aside from its theoretical interest, transfer from im-
mediate to delayed reinforcement has broad practical im-
plications, particularly in the areas of animal (see, e.g.,
McGreevy & Boakes, 2007) and human (e.g., Schmidt
& Bjork, 1992) training. Greater understanding of such
transfer in animals may well bring practical benefits.

EXPERIMENT 1

This experiment simply examined the transition from
immediate reinforcement to 20-sec delay of reinforce-
ment, using a purely instrumental reinforcement contin-
gency in a discrete-trial procedure. It included two groups.
In the first stage, group easy-to-hard (EH) was trained to
press a lever with immediate reinforcement, and in the
second stage, reinforcement was delayed by 20 sec. The
control group, group hard-to-hard (HH), was trained with
20-sec-delayed reinforcement throughout. The choice
of 20 sec was based on preliminary parametric studies
(Costa, 2004).

Other differences from Harker (1956) and Messing
et al. (1986) included the use in the present experiment of
a fixed-interval (FI) schedule during each trial, meaning
that only responses performed after a specified interval
were reinforced. This allowed the use of rate of respond-



MAINTAINED RESPONDING WITH DELAYED REINFORCEMENT

97

ing as a measure, whereas the two previous experiments
could use as dependent variables only latency on each trial
and proportion of trials with a response, since both used
continuous reinforcement—that is, the lever was removed
and reinforcement was triggered by a rat’s first response
on the lever. The most important difference between this
and the earlier experiments was that, if a rat failed to re-
spond appropriately, no reinforcement occurred on that
trial.

Method

Subjects. Sixteen female hooded Wistar rats from the University
of Sydney’s psychology breeding program were used in the experi-
ment. They were 160—167 days old at the start of the experiment,
with a mean weight of 227 g (range 211-238 g). The rats had previ-
ously participated in a running wheel experiment. They were housed
in a colony room in large polyurethane cages measuring 26 X 59 X
37 cm, with 8 rats per cage. A food deprivation schedule provided
2-h access to food following each daily session, and unrestricted
water access was given in the home cages.

Apparatus. Eight conditioning chambers (Skinner boxes), mea-
suring 30 X 26 X 31 cm, were housed in sound- and light-resistant
shells. The two end walls and ceiling of each chamber were alumi-
num; the side walls were clear Plexiglas. The floor of each chamber
was composed of 16 stainless steel rods, and 45-mg Noyes Precision
food pellets (Formula 1) could be delivered into a magazine located
in the center of one end wall. The same wall contained two 48-mm-
wide retractable levers (MED Instruments Inc.), one on either side of
the magazine aperture, but only the right-hand lever was used in this
experiment. This lever was mounted such that, when extended, the
lever projected 19 mm into the chamber, with its top surface 65 mm
above the floor of the chamber. The distance from the left-hand edge
of the lever to the center of the magazine aperture was 65 mm.

Procedure. Animals first received a 5-min habituation session in
the chambers, then three sessions of magazine training, each con-
sisting of 20 food pellet deliveries on a variable-time (VT) 30-sec
schedule. All animals were trained on the lever response with an
initial two sessions of continuous reinforcement—that is, the first
response in each trial was reinforced. Then Stage 1 of instrumental
training commenced. All animals progressed from two sessions on
an FI 6-sec schedule, in which only responses occurring 6 sec after
lever insertion were reinforced, then two sessions with a 12-sec FI,
and finally three sessions with an 18-sec FI. A discrete-trial proce-
dure was used with a variable intertrial interval of 60 sec (i.e., VT
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60 sec); the intertrial interval was defined as the period commenc-
ing with a reinforced response or lever retraction on one trial and
ending with lever insertion for the next trial. Each session contained
20 trials. A trial began with insertion of the lever and ended after
30 sec, with retraction of the lever if no response had been made at
the appropriate time (i.e., within a time frame set by the current FI
schedule). When a rat responded within this time, the lever was im-
mediately retracted, and reinforcement was delivered after a delay
that varied across stages. At the beginning of every session (one per
day), an animal was placed in its chamber with the lever retracted
and the houselight illuminated for 10 min before training started
(see Dickinson et al., 1992).

Instrumental training was divided into two stages. Stage 1 con-
sisted of seven sessions, in which a response made at the appropri-
ate time by subjects in Group EH was immediately reinforced, but
responding at the appropriate time was reinforced for Group HH
only after a 20-sec delay. In Stage 2, which commenced the day after
the end of Stage 1 and consisted of six sessions, for all animals an
appropriate response at FI 18 sec was reinforced after a delay of
20 sec.

Results

As can be seen in Figure 1, Group EH responded at a
much higher rate than Group HH throughout Stages 1 and
2. The change from immediate to 20-sec-delayed rein-
forcement produced an immediate decrease of response
rate in Group EH, but within two sessions the rate began
to return to a much higher level. In contrast, responding by
Group HH occurred at a low rate throughout.

Differences between the two groups were analyzed
using Mann—-Whitney tests, since the data were far from
normally distributed. Using a predefined criterion for the
acquisition of lever pressing of 8 out of 10 successive tri-
als with a response (resp.), the median number of trials
to criterion in Group EH was 37.5 (i.e., within the first
two sessions, in which all rats reached the criterion), but
no subject in Group HH reached this criterion. On the
final day of Stage 1, the median response rate in Group
EH (50.4 resps./min) was significantly greater than the
median rate in Group HH (2.4 resps./min) [U(8,8) = 0,
p <<.05]. On the final day of Stage 2, the median response
rate in Group EH (43.2 resps./min) was still significantly
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Figure 1. Experiment 1: Median response rates for Groups EH and
HH over Stages 1 and 2. Subjects in Group EH were transferred from
immediate reinforcement to delayed reinforcement on Day 8 (the verti-
cal line indicates the transition from Stage 1 to Stage 2). An instrumental
procedure was used with food pellets as the reinforcer.
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greater than the median in Group HH (4.5 resps./min)
[U(8,8) = 2, p < .05], even though the two groups had
been given an identical reinforcement schedule over the
final six sessions.

The low rate of responding in Group HH may be related
to the fact that on many of the trials these rats failed to
make a criterion response, and thus did not receive a food
pellet. Thus, in the final session of Stage 1, Group EH re-
ceived a median of 20 out of 20 possible pellets, whereas
Group HH received a median of only 6 pellets in this ses-
sion [U(8,8) = 0, p < .05].

Discussion

The overall pattern of results was more dramatic than
those reported by Harker (1956) and Messing et al. (1986),
in that here initial instrumental training with immediate
reinforcement produced persistent responding under later
conditions of 20-sec-delayed reinforcement that were
hardly adequate to support acquisition of the response.
Harker suggested that the secondary reinforcing effect
of lever retraction following a response might be respon-
sible for continued responding after the switch to delayed
primary reinforcement in his Group III. This explanation
seems less likely for the present pattern of responding in
Group EH in that, unlike in Harker’s Group III, respond-
ing decreased quite sharply in the two sessions follow-
ing introduction of a 20-sec delay in reinforcement. Had
retraction of the lever become a strong conditioned rein-
forcer, responding should have been little affected by the
change, as observed by Harker when his Group III was
switched from a 1-sec to a 10-sec delay. In addition, it
seems unlikely that responding could have recovered from
the initial decrease, given that lever retraction was no lon-
ger immediately paired with food, so its effectiveness as a
secondary reinforcer should have weakened. Instead, the
decline and then recovery of responding shown by Group
EH is consistent with the proposal that in this group the re-
sponse retains the high associability it acquired in Stage 1,
thus allowing acquisition of an association between the
response and the delayed reinforcer in Stage 2.

An alternative explanation for the different response
rates in Groups EH and HH arises from a consideration
of reinforcement rates. In Stage 1, Group EH presumably
came to associate the conditioning chamber with a higher
rate of reinforcement than did Group HH. Other things
being equal, contexts associated by hungry animals with
high rates of reinforcement tend to produce higher levels
of activity (see, e.g., Rescorla, Durlach, & Grau, 1985).
Thus, the more often Group EH made the required lever-
press, the higher the level of activity and, thus, the higher
the likelihood of responding appropriately on the next
trial. In contrast, Group HH might have suffered from a
vicious circle effect: The less they responded, the lower
the reinforcement rate and, as a consequence, the lower
their activity level. This is a challenge when shaping new
behavior (see, e.g., Midgley, Lea, & Kirby, 1989; Pear &
Legris, 1987). Such a vicious circle is not a problem when
interpreting Harker’s (1956) results, since his procedure
ensured that all of his rats received a food pellet on every
trial. Although it avoided the difficulties of interpretation,

his procedure of giving a free pellet at the end of a trial in
which a rat failed to respond created the other problems
that we noted earlier.

EXPERIMENTS 2A AND 2B

To overcome the problem of differential reinforcement
rates inherent in the kind of purely instrumental condition-
ing procedure employed in Experiment 1, these experi-
ments examined the effect of a transition from immediate
to delayed reinforcement using a purely classical condi-
tioning procedure, in which the delivery of reinforcement
was entirely independent of a rat’s behavior. The proce-
dure was based on insertion of the lever for a fixed time
as the conditioned stimulus (CS) and delivery of either a
pellet (Experiment 2A) or sucrose (Experiment 2B) as the
unconditioned stimulus (US). As is widely documented
(see, e.g., Myer & Hull, 1974), such a procedure can
produce sign-tracking behavior taking the form of lever
pressing, as recorded in the present experiments, instead
of just lever contacts, as recorded by Messing et al. (1986;
cf. Stiers & Silberberg, 1974). The standard convention in
classical conditioning for referring to an unfilled interval
separating the end of a CS and the onset of the US is to use
the term trace interval; however, for consistency with the
use in instrumental conditioning, it will be referred to here
as the delay of reinforcement, as in Experiment 1.

The basic design of both experiments was the same as
that of Experiment 1. During an initial stage of training,
for Group EH the occasional insertion of a lever for 10 sec
was followed by reinforcement immediately after retrac-
tion, but in the second stage reinforcement was delayed
for 10 sec after the lever had been retracted on each trial.
For Group HH, a reinforcement delay of 10 sec was used
throughout training. The choice of a 10-sec delay was
based on extrapolating from Messing et al. (1986) a delay
likely to support little lever pressing, if introduced from
the outset, but likely to sustain responding in Group EH.

The only difference between Experiments 2A and 2B
was the use of food pellets in the first and 20% sucrose
in the second of these experiments as the reinforcer. The
switch to sucrose was made because some of the pellet
dispensers had become unreliable; sucrose also had the
advantage of allowing a check that the basic phenomenon
was not reinforcer specific.

Method

Subjects and Apparatus. In Experiment 2A, the subjects were
32 female Wistar rats 94—128 days old, with a mean weight of
208.1 g (range 149-261 g) at the start of the experiment. Of these
rats, 24 were hooded and naive, and 8 were albinos that had previ-
ously participated in running wheel experiments. Allocation to the
two groups was equated across the two kinds of rat. All animals were
housed in the colony room in groups of 8. The reinforcers in Exper-
iment 2A were 45-mg Noyes Precision food pellets (Formula 1), as
in Experiment 1.

In Experiment 2B, 16 naive female hooded Wistar rats were used;
they were 118 days old, with a mean weight of 194.6 g (range 182—
206 g) at the start of the experiment. These animals were also housed
in groups of 8. Reinforcement was 20% sucrose mixed in tap water,
delivered from 0.1-ml dipper cups via a dipper raised for 5 sec.
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In both experiments, the animals were maintained on a food depri-
vation schedule with 2-h access to food in the home cages following
each daily experimental session. The apparatus used was the same
as in Experiment 1, except that fluid dippers (MED Associates) were
used in Experiment 2B.

Procedure. In Experiment 2A, magazine training with food
pellets was performed exactly as in the previous experiment. In
Experiment 2B, magazine training consisted of one session of 30
sucrose deliveries on a VT 60-sec schedule, with dipper time set at
7 sec, followed by a second session of 20 sucrose deliveries ona VT
60-sec schedule and a dipper time of 6 sec. In the subsequent two
stages of classical conditioning, each session contained 20 trials on
a VT 60-sec schedule. Each trial commenced with a 10-sec insertion
of the lever and concluded with the delivery of a reinforcer either
immediately or after 10 sec, depending on the stage and group. In
the five sessions of Stage 1, a reinforcer was delivered immediately
after lever retraction for Group EH but only after a further 10 sec for
Group HH. In the five sessions of Stage 2, reinforcer delivery was
delayed for 10 sec in both groups.

Results and Discussion

As shown in Figure 2, in the first stage of both experi-
ments Group EH pressed the lever at a steadily increas-
ing rate that was hardly affected by the switch to a 10-sec
delay of reinforcement in the second stage. In contrast, in

both experiments Group HH responded at the same low
rate over the course of Stages 1 and 2.

In Experiment 2A, 12 of the 16 rats in Group EH had
reached the predefined criterion of 8 trials out of 10 with
aresponse by the end of Stage 1, whereas only 1 of the 16
rats in Group HH achieved the criterion [y2(1) = 15.68,
p <.05]. By the end of the experiment, 15 of the 16 rats in
Group EH had reached the criterion, whereas only 3 of the
16 rats in Group HH did so [x2(1) = 18.29, p < .05]. In
the final session of the first stage (Day 5), response rates
in Group EH (median 7.8 resps./min) were significantly
higher than those in Group HH (median 1.2 resps./min)
[Mann—Whitney U(16,16) = 23, p < .05]. More impor-
tantly, in the final session of the second stage (Day 10), re-
sponse rates in Group EH (median 11.4 resps./min) were
still significantly higher than those in Group HH (median
1.2 resps./min) [U(16,16) = 42, p < .05].

In Experiment 2B, 6 of the 8 rats in Group EH had
reached the predefined criterion of 8 trials out of 10 with
a response by the end of the experiment, whereas none
of the 8 rats in Group HH had done so [¥%(1) = 9.6, p <
.05]. On Day 5, response rates in Group EH (median
13.4 resps./min) were higher than those in Group HH
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Figure 2. (A) Experiment 2A: Median response rates for Groups EH
and HH over Stages 1 and 2, with food pellets used as the reinforcer.
(B) Experiment 2B: Median response rates for Groups EH and HH over
Stages 1 and 2, with sucrose used as the reinforcer. In both experiments,
a classical conditioning procedure was employed and subjects in Group
EH were transferred from immediate reinforcement to delayed rein-

forcement on Day 6.
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(median O resps./min), a marginally significant result
[U(8,8) = 13, p = .05]. This difference continued into
the second stage, so that in the final session (Day 10) re-
sponse rates in Group EH (median 11.4 resps./min) were
still significantly higher than those in Group HH (median
1.2 resps./min) [U(8,8) = 8, p < .05]. As with the similar
result in Experiment 2A, this difference confirms transfer
from immediate to 10-sec-delayed reinforcement.

EXPERIMENT 3

The previous experiments served to demonstrate that
our type of easy-to-hard transfer can occur with both
purely instrumental and purely classical procedures. How-
ever, the experiments did not provide much guidance as to
the processes underlying such transfer. As noted earlier,
when instrumental conditioning procedures are used in
between-groups comparisons, differential reinforcement
rates produced by differences in responding between the
groups can obscure the possible contribution of other fac-
tors to transfer from short to long delay of reinforcement.
Consequently, Experiment 3 employed the same classical
conditioning procedure used in Experiments 2A and 2B
in order to ensure that reinforcement rates were equated
across groups.

The aim of Experiment 3 was to test whether, under
the general conditions of Experiment 2B, the retarded ac-
quisition of lever pressing when there was a 10-sec delay
between lever retraction and delivery of the reinforcer
was due to the development of behavior other than lever
pressing. The presence of multiple forms of conditioned
responding has been demonstrated in both rats (Holland,
1977) and pigeons (Brown, Hemmes, Cabeza de Vaca,
& Pagano, 1993). According to this theory, rather than
failing to associate the lever with the delayed arrival of
sucrose, rats acquire the “wrong” behavior. It follows that,
if rats are first trained on a long delay and then shifted to
immediate reinforcement—Group HE (“hard-to-easy”)

164

—a— Block-E

147 |- e HE

Responses/min
YR 9 @ SR

in the present experiment—this other behavior will in-
terfere with the acquisition of lever pressing. The control
condition was one that provided equivalent exposure to
both lever insertions and reinforcement deliveries without
using uncorrelated exposure to these two events (i.e., a
truly random condition) that might produce learned irrel-
evance (Bonardi & Ong, 2003). Consequently, the control
group, Group Block-E, was given blocked exposure to
both events in the first stage, followed in the second stage
by the same “easy” condition of immediate reinforcement
given to Group HE.

Method

Subjects and Apparatus. The 16 naive female hooded Wistar
rats in this experiment were 109 days old, with a mean weight of
172 g (range 136-212 g) at the start of the experiment. Housing
and access to food and water were exactly as in the previous experi-
ments. The apparatus was the same as in Experiment 2B.

Procedure. For the two groups in this experiment (HE and
Block—E), magazine training proceeded as in Experiment 2B. In
the first stage, the conditions for Group HE were the same as those
for Group HH in Experiment 2B: Each trial commenced with a
10-sec insertion of the lever, followed 20 sec later by the delivery
of noncontingent sucrose solution, and each of the six sessions con-
tained 20 trials on a VT 60-sec schedule. In this stage, rats in Group
Block—E received sessions without sucrose in which the lever was
inserted for 10 sec 40 times on a VT 60-sec schedule, as well as
sessions without lever insertion in which they received 40 deliveries
of sucrose, also on a VT 60-sec schedule. For the first 3 days, one
subgroup was given lever-only sessions, and the second subgroup
was given sucrose-only sessions. These conditions were reversed
for the final 3 days. In the four sessions of the second stage, condi-
tions were identical for the two groups and consisted of immediate
sucrose delivery following retraction of the lever, exactly as in the
first stage for Group EH in Experiment 2B.

Results

As shown in Figure 3, during the first stage, when rein-
forcement was delayed for 10 sec, the results for Group HE
were exactly like those for Group HH in Experiment 2B,
in that these rats rarely pressed the lever. The important
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Figure 3. Experiment 3: Median response rates for Groups Block—E
and HE over Stages 1 and 2. A classical procedure was used with sucrose
as the reinforcer. For the six sessions of Stage 1, Group HE was given
a 10-sec delay of reinforcement, and Group Block—E was given blocks
of three sessions of sucrose only and three sessions of lever insertion
only. In Stage 2, for both groups sucrose followed immediately after lever

retraction.
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result was that this group did not respond any more in
the second stage, when reinforcement became immedi-
ate, whereas Group Block—E showed rapid acquisition of
lever pressing; no difference was detected between its two
subgroups. The median number of trials to reach the crite-
rion of 8 trials out of 10 with a response was 33 in Group
Block-E (with all but 1 of the rats in that group reaching
criterion), which was almost identical to the median num-
ber for Group EH in Experiment 2B (32.5 trials). Thus,
this between-experiments comparison gave no indication
that blocked exposure to lever insertion and sucrose deliv-
ery retarded acquisition of lever pressing.

Only 2 rats in Group HE reached the acquisition crite-
rion: 1 in the first stage and 1 in the second. Thus, exposure
to a 10-sec delay of reinforcement drastically interfered
with leverpress acquisition, even when reinforcement be-
came immediate. The difference between the two groups
was also seen in terms of response rates in the final ses-
sion of the second stage: On Day 10, the median response
rate of Group Block-E (15.0 resps./min) was significantly
higher than that of Group HE (0.6 resps./min) [U(8,8) =
2,p <.05].

Discussion

The clear outcome of this experiment was that exposure
to a 10-sec delay of reinforcement prevented subsequent
acquisition of lever pressing under conditions of immedi-
ate reinforcement that would normally—as with Group
EH in Experiment 2B and Group Block-E here—produce
a steady and moderate rate of responding on the lever.
This finding is consistent with the view that the normal
absence of lever pressing when reinforcement is delayed
for 10 sec reflects the development of other behavior.
What this other behavior might be was not systematically
analyzed in the present experiment. However, casual ob-
servation suggested that rats in the long-delay condition
generally responded to insertion of the lever by approach-
ing and staying close to the magazine aperture (i.e., they
showed goal-tracking behavior; Boakes, 1977; Brown
etal., 1993).

An unexpected feature of these results was the rapid
acquisition of lever pressing by Group Block—E. We had
expected acquisition by this group to be somewhat slower
than that by Group EH in the first stage of Experiment 2B,
because the blocked condition seemed likely to produce
strong context-sucrose associations that might then inter-
fere with acquisition of lever—sucrose associations, espe-
cially in the subgroup given repeated exposure to sucrose
just before the second stage (see Reilly, Schachtman, &
Reid, 1996; Williams, 1999). Moreover, prior exposure to
lever insertions might have produced a latent inhibition ef-
fect that would have slowed acquisition by Group Block-E
in the second stage. The experiment was not designed to
detect such CS and US preexposure effects, and indeed
they may have been present; however, the fact that Group
Block-E acquired lever pressing at essentially the same
rate as Group EH in Experiment 2B indicates that the in-
fluence of preexposure was minor in this case.

EXPERIMENT 4

Following the informal observation of goal tracking
in the previous experiment, the conditioning chambers
were modified to allow the recording of magazine entries.
Using the same procedures as in Experiments 2 and 3, one
aim of the present experiment was to test the prediction
that during an initial training period, magazine entries in
the presence of the lever would be more frequent in the
delay condition than in the immediate condition. Brown
et al. (1993) found that when pigeons received food sig-
naled by a keylight, the pigeons tended to approach the
keylight when food immediately followed the offset of
the keylight, but tended to approach the food delivery
area when a trace interval of 6 sec between keylight offset
and food was present. Hence, in the present study we pre-
dicted that sign tracking, rather than goal tracking, would
develop in rats first trained with no delay, whereas the
converse would be the case for those initially trained with
a 10-sec delay.

The second aim was to examine whether the dominant
behavior during the initial stage would persist when the
timing of the reinforcement was changed. To this end,
one group (EH) was initially trained with immediate re-
inforcement and then switched to delayed reinforcement,
exactly as the EH groups had been in Experiment 2. For
a second group (HE), the order of these conditions was
reversed, exactly as with the HE group in Experiment 3.
This design allowed us to see, for example, whether the
pattern of responding shown by a rat given immediate re-
inforcement in the second stage was more like the pattern
it had shown under delayed reinforcement conditions in
the preceding stage than like those shown by rats given
immediate reinforcement in the initial stage.

Method

Subjects. The 16 female hooded Wistar rats in this experiment
had previously served in a wheel-running experiment. They were
164 days old, with a mean weight of 237 g (range 212272 g) at
the start of the present experiment. Housing and access to food and
water were exactly as in the previous experiments.

Apparatus. The apparatus used in the previous experiments was
modified in several ways. Most important was the installation in
all eight conditioning chambers of infrared photocell receptors to
record entry into the magazine. The infrared beam was recessed
20 mm into the magazine.

Procedure. For both groups, magazine training for dipper-
presented sucrose solution proceeded as in Experiments 2B and 3.
In the two conditioning stages, the conditions for Group EH were the
same as those for Group EH in Experiment 2B, with six sessions of
immediate reinforcement followed by four sessions of 10-sec delay
of reinforcement. Likewise, the conditions for Group HE were the
same as those for Group HE in Experiment 3, with six sessions of
10-sec delay of reinforcement followed by four sessions of immedi-
ate reinforcement.

Results

Magazine entries while the lever was inserted are shown
in the top panel of Figure 4. This shows CS—pre-CS differ-
ence scores—the number of magazine entries during the
10-sec lever insertion period minus the number of entries
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CS - Pre-CS Magazine Entries

Delay - Pre-CS Magazine Entries

Day

Figure 4. Experiment 4. (A) Mean differences between number of mag-
azine entries during lever insertion (CS) and during the 10-sec (pre-CS)
interval prior to lever insertion for Groups HE and EH over the six ses-
sions of Stage 1 and four sessions of Stage 2. A classical procedure was
used with sucrose as the reinforcer. (B) Mean differences between number
of magazine entries during the delay period and during the 10-sec (pre-
CS) interval prior to lever insertion for Group HE in Stage 1 and Group
EH in Stage 2. In both panels, error bars represent =1 standard error.

in the 10 sec prior to lever insertion—for each day of train-
ing. It may be seen that during the initial period of training
the two groups did not differ on this measure, but when
conditions were reversed magazine entries became more
frequent in Group HE—the rats that were now given im-
mediate reinforcement—but less frequent in Group EH.

Unlike leverpresses, the magazine entry data in this ex-
periment were normally distributed and hence could be
analyzed using repeated measures analysis of variance. In
Stage 1, this difference score, averaged over the 6 train-
ing days, did not differ significantly between Groups HE
(M = 2.37,8D = 2.36) and EH (M = 1.69, SD = 2.77)
[F(1,14) = 0.585, p = .457]. Although trend analysis
failed to reveal a significant linear trend [F(1,14) = 1.57,
p = .231], both the quadratic [F(1,14) = 9.45, p = .008]
and cubic [F(1,14) = 5.01, p = .042] trends were signifi-
cant. None of these trends interacted with group (all ps >
.10). Thus, contrary to our prediction, there was no evi-
dence at all for a difference between the groups on this
measure at this stage.

In Stage 2, the CS—pre-CS difference scores were higher
for Group HE than for Group EH [F(1,14) = 21.50, p <
.0005]. Trend analysis confirmed an interaction between

linear trend and group [F(1,14) = 11.12, p = .005], but
no other effects or interactions were significant [largest
F(1,14) = 3.53].

When rats were in the delayed reinforcement condi-
tion, we also measured the rate of magazine entries dur-
ing the delay period to obtain a further difference score:
the number of magazine entries during the 10-sec delay
minus the number of entries in the 10-sec interval prior to
lever insertion. As can be seen in the lower panel of Fig-
ure 4, in Stage 1 the rats in Group HE rapidly developed
magazine-oriented responding during the delay period,
whereas in Stage 2 the initially high rate of responding
in Group EH decreased as the session progressed. Trend
analysis revealed that for Group HE (Stage 1), the linear
trend was not significant [F(1,7) = 1.09, p = .332], but
the quadratic trend approached significance [F(1,7) =
5.53, p = .051]. None of the higher order trends were sig-
nificant (ps > .10). For Group EH (Stage 2), the linear
[F(1,7) = 2.51, p = .157], quadratic [F(1,7) = 0.98,p =
.356], and cubic [F(1,7) = 0.356, p = .570] trends were
not significant.

As in the previous experiments, in Stage 1 lever press-
ing hardly occurred in the delay condition, as shown in
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Figure 5. Experiment 4: Median response rates for Groups HE and

EH in Stages 1 and 2.

Figure 5. However, in this case lever pressing was also less
consistent in the immediate condition than it had previously
been across rats. The median rates for Group EH in the
first stage were much lower than for the equivalent groups
in Experiment 2B, and as detailed below, several subjects
did not produce recordable lever responses. Nevertheless,
those rats that did press the lever persisted in doing so
when switched from immediate to delayed reinforcement,
but their rates declined. On the final day of Stage 1, rats in
Group EH (median 5.85 resps./min) were lever pressing at
a significantly higher rate than rats in Group HE (median
0.15 resps./min) [U(8,8) = 11, p < .05]. On the final day
of Stage 2, however, there was no significant difference in
lever pressing between EH (median 2.25 resps./min) and
HE (median 0.15 resps./min) [U(8,8) = 20.5, p > .05].
Throughout the present experiment, only 4 out of 8 rats
in Group EH recorded leverpresses with any consistency.
Observation revealed, however, that 3 of the 4 other rats
in the group regularly made contact with the lever upon its
insertion, including 1 rat that vigorously pressed the lever
from beneath (which was not recorded).

Discussion

The most important finding from the magazine entry
data in the first stage of this experiment is that on this
measure rats learned about the lever—reinforcer contin-
gency as rapidly with a 10-sec delay as with immediate
reinforcement, as can be seen in the upper panel of Fig-
ure 4. This indicates that the differences in lever pressing
between Groups EH and HH in the first stage of Experi-
ment 2 and between the two groups in the second stage
of Experiment 3 were largely differences in performance
rather than in associative strength. The rapid increase in
magazine entries during the delay period shown in the ini-
tial stage by Group HE (see the lower panel of Figure 4)
also indicates that the rats learned very rapidly the con-
tingency between lever insertion and the 10-sec-delayed
arrival of sucrose.

The lack of any difference in speed of acquisition or
maintained rate of magazine responding between the two
groups in the present experiment was not what we had

expected. When rats were transferred to different delay
conditions, however, those in Group HE responded to the
magazine at a higher rate than those in Group EH, as pre-
dicted. Thus, the HE group in this experiment confirmed
the general prediction that the pattern of responding ini-
tially acquired to the lever—in this case, goal tracking
without sign tracking—would persist despite the shift
from delayed to immediate reinforcement. On the other
hand, the individual variation seen in Group EH made it
more difficult to draw firm conclusions. The most intrigu-
ing result from this group was that, although magazine
entry during the presence of the lever was established by
immediate reinforcement, when the delay was introduced
in the second stage this behavior also became quickly de-
layed, in that now the rats only entered the magazine when
the lever was retracted.

The low and inconsistent rate of lever pressing by
Group EH remains unexplained. However, given the ob-
servation of lever contacts with no leverpresses, the effect
illustrated in the recorded data appears to be a conserva-
tive reflection of sign tracking.

GENERAL DISCUSSION

The main findings from these experiments may be sum-
marized as follows. Under the present conditions, in which
a lever was inserted into the conditioning chamber every
1 min on average, most rats with no prior training failed to
acquire lever pressing both when reinforcement depended
on that response but was delayed by 20 sec (Experiment 1)
and when reinforcement was response independent but de-
layed by 10 sec (Experiments 2, 3, and 4). In contrast, rats
first trained with immediate reinforcement that produced
acquisition of lever pressing, via either instrumental or
Pavlovian conditioned responding, continued to respond
under the delayed reinforcement conditions above (Ex-
periments 1 and 2). Such positive “easy-to-hard” trans-
fer contrasted with the negative transfer of lever pressing
found in Experiments 3 and 4, in which initial training on
delayed reinforcement prevented subsequent acquisition
of lever pressing when reinforcement became immediate.
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Experiment 4 revealed that this negative transfer of lever
pressing was accompanied by positive transfer of maga-
zine entry behavior.

The positive transfer found here provides a further ex-
ample to add to findings of transfer along a continuum
in discrimination learning (e.g., Scahill & Mackintosh,
2004) and to the “high-to-low contingency” effect reported
by Rescorla (1989); all three effects show that conditions
insufficient to produce acquisition of a response can none-
theless maintain responding acquired under more favor-
able conditions. A further, and very familiar, example is
that of positive transfer from continuous instrumental rein-
forcement to some intermittent schedule of reinforcement,
such as a ratio schedule of a value high enough that few
subjects will acquire the instrumental response if given
this schedule from the outset. That particular example
does not seem as problematic as the previous ones listed
above, in that positive transfer can be understood in terms
of widely accepted principles regarding the development
of resistance to extinction following partial reinforcement
(Mackintosh, 1974, pp. 434-467; see also the analysis of
resistance to change within behavioral momentum theory,
e.g., in Nevin & Grace, 2000). The present kind of easy-
to-hard transfer is not as easily understood.

In the case of positive transfer from immediate to de-
layed reinforcement in instrumental conditioning (Experi-
ment 1), one possibility relies on the observation that rates
of reinforcement are reduced by delaying reinforcement.
As previously discussed, this could lead to maintenance
of a low level of activity in Group HH, whereas all that
would be needed for Group EH to maintain a high level of
responding when delay of reinforcement was introduced
would be for the effect of the initial conditions—that is,
instrumental responding at a high rate—to persist long
enough to maintain their high rate of reinforcement. This
explanation remains speculative, in the absence of any
measure of activity other than lever pressing. Nonethe-
less, the differential reinforcement rates in the initial stage
make it difficult to assess other explanations for easy-to-
hard transfer of instrumental responding.

The use of a classical conditioning procedure in Exper-
iments 2A and 2B ensured that reinforcement rates were
then the same throughout for Groups EH and HH. In the
introduction, an associative analysis that included an at-
tentional assumption was compared with a nonassocia-
tive analysis based on competition at a behavioral level.
Assuming that immediate reinforcement increases the ef-
fective salience or associability of lever insertion as a CS
can account for the positive transfer found in these experi-
ments; such enhanced associability would allow the rat to
continue to associate the lever with reinforcement even
when the latter was delayed. The implication here is that
without the increased associability of the lever, the delay
of 10 sec made it difficult for rats to acquire more than a
weak lever-reinforcement association at best. Although
this attentional-plus-associative approach may provide
a plausible analysis of positive transfer, it is not easily
applied to the negative transfer found in Experiment 3.
Furthermore, the magazine entry data from Experiment 4
suggest that the absence of lever pressing by rats given the

10-sec-delay condition from the outset does not represent
a failure to associate the lever with food. It is possible,
however, that if a longer delay of reinforcement had been
used, the role of an attentional process might have become
more important.

As noted in the introduction, positive transfer from
short to long ISIs has been reported in some previous
experiments using classical conditioning procedures, no-
tably those using the rabbit nictitating membrane prepa-
ration. One suggested analysis of this transfer is based
on competition between CS and context, whereby slow
acquisition of a conditioned response to a CS with a long
ISI is seen as resulting from competing conditioning of
contextual stimuli (Kehoe & Holt, 1984; see also Dick-
inson, 1980; Westbrook & Homewood, 1982). Applying
this analysis to the present results implies that adding a
procedure designed to extinguish context conditioning
might lead to more rapid acquisition when reinforcement
is delayed. However, the blocked control condition used
in Experiment 3 would seem to rule out a context com-
petition account of the negative transfer found in that ex-
periment, since a high rate of lever pressing was recorded
there during Stage 2 conditioning, despite prior training
with noncontingent reinforcement in Stage 1. As noted
above, introduction of a 10-sec delay did not detectably
retard acquisition of a lever—sucrose association, as mea-
sured by the development of magazine entries; thus, the
role of context competition might also become more ap-
parent for delays of reinforcement greater than 10 sec.

In conclusion, the simplest analysis that encompasses
the results of Experiments 2, 3, and 4 is that inserting
a 10-sec delay between lever retraction and response-
independent reinforcement leads to the development and
persistence of behavior other than lever pressing. The re-
sults of Experiment 4 suggest that this behavior may take
the form of goal tracking. Thus, positive transfer of sign
tracking can be viewed as resulting from the nondevelop-
ment of goal tracking when reinforcement is immediate or
when—as in Experiment 3—blocked exposure to lever in-
sertions and reinforcer deliveries is given. Whether the ab-
sence of competing behavior is the only factor responsible
for such easy-to-hard transfer remains an open question.
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