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Intertrial interval effects in
Pavlovian serial feature positive discriminations

PETER C. HOLLAND
Duke University, Durham, North Carolina

The effects of the intertrial interval (ITI) on learning and performance in Pavlovian appetitive serial
feature positive (SFP) discriminations were examined in three experiments with rats. With longer ITIs,
acquisition was more rapid, and there was less transfer of the feature’s behavioral control to a sepa-
rately trained target cue, suggesting that longer ITIs encouraged the use of an occasion setting strat-
egy. Behavior was also affected by discrimination-specific ITIs. Rats were trained with two SFP dis-
criminations. The overall ITI was held constant, but the intervals between trials of one discrimination
were varied by intermixing different numbers of trials from the other discrimination. Learning was
more rapid when the intervals between trials of a single discrimination were longer. A sequential analy-
ses showed that performance on a trial was impaired when it was preceded by a trial that included the
same target cue but with the opposite trial outcome. The results are discussed in the frameworks of
proactive interference effects and deletion-comparator processes (Cooper, Aronson, Balsam, & Gib-

bon, 1990.)

Performance in learning tasks is often affected by the
spacing of trials. Longer intertrial intervals (ITIs) encour-
age superior performance in a variety of tasks, including,
for example, simple nondiscriminative Pavlovian condi-
tioning (e.g., Gormezano & Moore, 1969; Spence & Nor-
ris, 1950), delayed matching-to-sample (e.g., Grant,
1975), and operant serial feature positive discrimination
training (Holland, 1995). Moreover, many researchers
have found that the ITI can affect within-trial interstimu-
lus interval functions as well. For example, conditioning
can occur with longer intervals between the onsets of the
conditioned stimulus (CS) and unconditioned stimulus
(US) if those CS—US pairings are separated by long ITIs
than when they are massed in time (Gibbon, Baldock,

Locurto, Gold, & Terrace, 1977). In fact, Gibbon et al. and -

other investigators (e.g., Roberts & Kraemer, 1982) have
claimed that it is not the CS—US or intertrial intervals
themselves that determines the amount of conditioning,
but rather their ratio.

Holland (1995) examined the effects of ITI on the ac-
quisition of operant serial feature positive discrimination
learning, in which responding during a target cue was only
reinforced when that target was preceded by another, fea-
ture cue (feature — target+/target—). Acquisition of the
discrimination was more rapid the longer the ITI. Further-
more, longer ITIs also seemed to favor the use of an oc-
casion setting strategy (Holland, 1992) in solving that
discrimination. That is, with shorter ITIs, the feature was
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more likely to exert direct control over responding, whereas,
with longer ITIs, the feature cue apparently controlled con-
ditioned responding by modulating the action of target-
response—-US associations. Finally, consistent with Gibbon
et al.’s (1977) and Roberts and Kraemer’s (1982) obser-
vations, the use of the occasion setting strategy was reason-
ably well predicted by the ratio of the ITI to the interval
between the feature and target cues.

The experiments reported in this article examined the
effects of the ITI on learning and performance in Pavlov-
ian serial feature positive discriminations. Experiment 1
demonstrated the basic ITI effect that Holland (1995) ob-
served with operant procedures (more rapid serial fea-
ture positive discrimination learning with longer ITIs),
using Pavlovian procedures. Experiments 2 and 3 began
the investigation of just what intervals are critical to this
ITI effect in serial feature positive discrimination learn-
ing. In discrimination procedures, the average interval
between all trials, between reinforced trials, between non-
reinforced trials, between US presentations, and so forth,
are all separately manipulable and might have different
effects on learning and performance. For example, many
accounts for ITI effects posit an important role for rein-
forcement (US presentation) rate (e.g., Gibbon & Balsam,
1981). In simple nondiscriminative conditioning, the ITI
and the interval between US presentations are typically the
same. But Holland (1995) calculated the ITI in serial fea-
ture positive discrimination procedures on the basis of all
trials, and so the relation between ITI and inter-US in-
terval depended on the proportions of reinforced and non-
reinforced trials. Experiments 2 and 3 attempted to dis-
entangle the effects of overall ITI and interreinforcment
interval from those specific to a particular serial feature
positive discrimination by intermixing varying numbers
of trials from another serial feature positive discrimination.

Copyright 1999 Psychonomic Society, Inc.
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EXPERIMENT 1

Experiment 1 examined Pavlovian serial feature posi-
tive discrimination learning with either short (1-min) or
long (8-min) ITIs, using a feature—target interval lengthy
enough to discourage large amounts of simple feature—
US conditioning (20 sec). In an attempt to distinguish sim-
ple conditioning and occasion setting, the ability of the
feature cue to produce conditioned responding during an-
other, separately trained and then extinguished cue was
examined in transfer tests. Other experiments from this
laboratory show that simple conditioning, but not occa-
sion setting, powers of a feature cue transfer readily to such
separately trained target cues (Holland, 1992). Thus, oc-
casion setting would be characterized by the observation
of little transfer to the new target, and simple conditioning
would be characterized by the observation of substantial
transfer—that is, summation of the conditioned respond-
ing controlled by the feature and the new target.

Method

Subjects. Eight male and 8 female experimentally naive CD-
strain rats (bred in a Duke Psychology Department breeding facil-
ity from Charles River stock), 120-180 days old at the beginning of
the experiment, served as subjects. The rats were individually
housed in individual stainless steel cages in a vivarium that was
maintained at 23°C, with the lights on from 6:00 a.m. to 8:00 p.m.
daily. All experimental sessions were carried out during the light
portion of the cycle, between 8:00 a.m. and 11:00 a.m. The rats
were maintained at 85% of their ad-lib weights by limiting their ac-
cess to food; water was always available.

Apparatus. The apparatus consisted of eight individual cham-
bers (22.9 X 20.3 X 20.3 cm) with aluminum front and back walls,
clear acrylic sides and top, and a grid floor (0.48-cm stainless steel
rods spaced 1.9 cm apart). A dimly illuminated food cup was re-
cessed in the center of one end wall; a jeweled lamp (panel light)
was located 5 cm above that recess. Each experimental chamber
was enclosed in a sound-resistant shell with an acrylic window for
viewing the rats. A speaker, used to present the auditory CSs, was
mounted on the inside wall of the shell, 10 cm above and 10 cm to
one side of the experimental chamber, even with the wall that con-
tained the food cup. Ventilation fans provided masking noise
(70 dB), and a 6-W, 110-V lamp (operated at 75 V) behind a red lens
opposite the speaker provided continuous dim background illumi-
nation. Two low-light television cameras were mounted 2.1 m from
the experimental chambers, so each could include four chambers in
its field of view. Videocassette recorders were programmed to
record behaviors that occurred during the 10-sec intervals before,
during, and after CS presentations.

Procedure. Initially, all rats were trained to eat from the recessed
food cup. In a single 16-min session, there were 16 presentations of
the event used as the US throughout this experiment, two 45-mg
food pellets (Noyes) delivered 0.5 sec apart, on a variable-time
1-min schedule.

The rats were then divided into two groups, each with 4 male and
4 female rats, and serial feature positive training was begun. Pre-
sentations of a serial compound of a 5-sec illumination of the panel
light feature, followed after a 15-sec empty interval by a 5-sec pre-
sentation of an auditory target stimulus, were reinforced with food,
and presentations of the 5-sec auditory target stimulus alone were
not. The auditory stimulus was either a 1500-Hz, 72-dB tone or a
72-dB white noise, counterbalanced. In Group 1, the ITIs, measured
from trial onset to trial onset, averaged 1 min; in Group 8, they av-
eraged 8 min. The ITIs were randomly determined for each session,

and they ranged from 0.5 to 1.5 times the mean ITI, rectangularly
distributed. In both groups, each session comprised 16 trials; thus,
the session duration was 16 min in Group 1 and 128 min in Group 8.
There were 8 reinforced compound trials and 8 nonreinforced target-
alone trials in each of the first 10 sessions. For the next 10 sessions
in Group 8 and the next 30 sessions in Group 1, there were 4 rein-
forced compound trials and 12 nonreinforced target-alone trials in
each session.

Next, the cue to be used as the transfer target (either the noise or
the tone, whichever was not used as the training target) was intro-
duced into the training sessions. In the first 5 of these sessions, 4 of
the nonreinforced target-alone trials were replaced with 5-sec rein-
forced presentations of the auditory transfer target cue; in the next
5 sessions, they were replaced by four 5-sec nonreinforced presen-
tations of that same cue. All rats then received a transfer test ses-
sion to examine the effects of the panel light feature on responding
to the separately trained and extinguished cue. In this session, there
were three presentations of each of five types of trials: the original
serial compound (X—0), a transfer compound, comprising the 5-
sec panel light followed, after a 15-sec empty interval, by the trans-
fer target (X—T), the original target alone (O), the transfer target
alone (T), and the feature (X) alone, followed by 20 sec of empty
measurement intervals so that responding could be assessed in the
time period after the panel light when the target would normally
occur. In each group, the ITI was held constant at the mean interval
used in training for each group.

Behavioral observations. Behavioral observations were made
from videotapes and were paced by auditory signals recorded on
the tapes. Observations were made at 1.25-sec intervals during the
S-sec period immediately prior to CS presentations, during the
empty intervals on serial compound trials and during CS presenta-
tions. At each observation, one and only one behavior was recorded.
The behavioral categories were defined so as to be mutually exclu-
sive. For the test sessions, the rats were scored 1 at a time, such that
there were four observations for each rat during each 5-sec interval.
For the various training sessions, the observer shifted his/her gaze
from rat to rat with each auditory signal, so that each rat was scored
only once in each 5-sec interval.

The primary mgasure of learning used in this experiment was
Jood-directed behavior, which occurred in response to both visual
and auditory CSs. Food-directed behavior included magazine be-
havior (standing motionless in front of the recessed food cup with
the head or the nose within the recessed area), which was controlled
by both visual and auditory CSs, and head jerk behavior (short,
rapid horizontal and/or vertical movements of the head, often in or
near the food cup), which was almost exclusively controlled by au-
ditory CSs. In addition, rear behavior (standing on hind legs with
front feet off the floor, and not grooming), specific to visual CSs,
was recorded. These behaviors were described in detail by Holland
(1977).

The index of frequency of each behavior was the percentage total
observations, obtained by dividing the frequency of that behavior in
any observation interval by the total number of observations made
in that interval. Note that, because the rate of observations was con-
stant within each observation interval, this measure is an absolute
frequency measure, which compensates only for the duration of the
observation interval. Two observers (M.C. and P.C.H.) scored the
behavioral data reported in these experiments. All of the training
session data were scored by M.C., and the test data were scored by
both M.C. and P.C.H. When only decisions concerning the occur-
rence of food cup behavior, rear behavior, or neither were consid-
ered, the two observers agreed on over 95% of over 8,000 joint ob-
servations (r = .99); when food cup behavior was subdivided into
magazine and head jerk behaviors, agreement fell to 92% (r = .94).

Statistical analyses used the p < .05 level of significance; repeated
measures analyses of variance (ANOVAs) used Greenhouse—Geisser
corrected values.
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Results

Figure 1 shows behavior during the reinforced (S+) and
nonreinforced (S—) presentations of the target cues and
during the pre-CS periods in the discrimination acquisi-
tion phase. The top panel shows the general class of
food-directed behavior, the center panel shows head jerk
behavior, and the middle panel shows magazine behavior.
With all three measures, acquisition of the discrimination
was more rapid in Group 8, in which the ITIs averaged
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8 min, than in Group 1, in which the ITIs averaged 1 min.
Group X stimulus (reinforced or nonreinforced) X ses-
sion ANOVAs of the data from the first 30 sessions (com-
mon to both groups) for each measure showed no overall
effects of group [Fs(1,14) < 1] but reliable group X
stimulus and group X stimulus X session interactions
[Fs(5,70) 2 3.39].

Group 8’s superior discrimination performance reflected
both more responding on reinforced trials and less re-
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Figure 1. Acquisition (mean £SEM) of serial feature positive discriminations
in Experiment 1. 1 = Group 1, for which the intertrial intervals (ITIs) averaged
1 min; 8 = Group 8, for which the ITIs averaged 8 min; S+ = responding dur-
ing the target stimulus on reinforced compound trials; S— = responding on
target-alone trials; pre = responding during the prestimulus interval.
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sponding on nonreinforced trials than was observed in
Group 1. ANOVAs of performance on reinforced trials
alone showed reliable effects of group [Fs(1,14) > 6.85]
and group X session interactions [Fs(5,70) = 3.18] for
all three measures. Likewise, ANOVAs of performance on
nonreinforced trials alone showed reliable effects of group
[Fs(1,14) =2 9.22] and group X session interactions
[Fs(5,70) 2 4.92] for food-directed and head jerk behav-
iors but not for magazine behavior (Fs = 1.95 and 1.61,
respectively).

In the transfer test, Group 8 maintained a high level of
performance on the original discrimination but showed no
evidence of transfer to the separately trained and extin-
guished target. In contrast, Group 1 displayed poorer per-
formance on the original discrimination but greater trans-
fer. Discrimination difference scores for food-directed
behavior, computed by subtracting responding on target-
alone trials from that during the target on compound tri-
als, were 56.2% + 7.2% (mean + SEM ) for the original
discrimination and 3.1% + 4.6% for the transfer discrim-
ination in Group 8 and 35.4% + 10.2% and 18.8% + 7.8%
in Group 1. A group X target (original or transfer) ANOVA
of these difference scores showed a significant group X
target interaction [F(1,14) = 6.09]. Analyses of simple ef-
fects showed that the difference scores were greater for the
original than for the transfer discrimination in Group 8
[F(1,14) = 44.60], but not in Group 1 [F(1,14) = 1.11].
Analyses of food-directed responding on individual trial
types (Table 1) showed reliably more responding on fea-
ture — transfer target and feature-alone trials in Group 1
than in Group 8 [Fs(1,14) = 4.86], but no other between-
groups differences were reliable. (Head jerk and magazine
behaviors considered individually each showed patterns
similar to those of the combined food-directed behavior
measure, but analyses such as those just described failed
to reach significance.) -

Discussion

The results of Experiment 1 extend Holland’s (1995)
results to Pavlovian procedures. As in Holland’s experi-
ments, the acquisition of serial feature positive discrim-
ination performance was more rapid with longer ITIs.
Also as in Holland’s experiments, there was less transfer
of the feature’s behavioral control to a separately trained
target cue after training with longer ITIs, suggesting that
the use of longer ITIs encouraged the adoption of an oc-
casion setting strategy.

One difference between the results of Experiment 1
and those of Holland (1995) deserves comment. In Ex-
periment 1, the superior performance of the rats trained
with longer ITIs was revealed both in less responding on
nonreinforced target-alone trials and in more responding
on reinforced feature—target compound trials. Holland
found no effects of ITI on responding on reinforced tri-
als, which was somewhat surprising, given the extensive
literature of ITI effects with simple, nondiscriminative
conditioning (reviewed in the introduction of this paper).
However, prior to discrimination training with different
ITIs, all of Holland’s rats received extensive pretraining
of responding to another cue with a common ITI; gener-
alization between that cue and the same-modality dis-
crimination target cue may have masked ITI-dependent
differences in acquisition. No such pretraining was given
in the present experiment. Furthermore, in Holland’s study,
it is possible that the costs of delayed responding (rein-
forcement was delivered immediately after the first re-
sponse to the target cue) were sufficient to overwhelm ITI
effects. In the present experiment, which used Pavlovian
procedures, performance of the CR during the CS did not
affect the timing of US delivery. Thus, it seems likely that
Holland’s failure to find ITI effects on responding to the
reinforced CS was more the result of these (or other) pro-
cedural details than an overall insensitivity of condition-’
ing to ITL.

EXPERIMENT 2

The use of shorter ITIs in serial feature positive dis-
crimination learning increases the presentation rate of
the US, the feature, the target, reinforced trials, nonrein-
forced trials, and trials in general, and it increases the
proximity of any two types of trials. Any of these conse-
quences of massed trials might contribute to the ITI ef-
fects observed in Experiment 1 and in Holland’s (1995)
experiments. Experiment 2 examined the effects of in-
termixing trials from one serial feature positive discrim-
ination (“A”; X—>A+, A—) with trials from another such
discrimination (“B”; Y—B+, B—). Intermixing various
proportions of A and B discrimination trials within each
session in different groups of rats, but holding the ses-
sion duration and the total number of trials constant, per-
mitted examination of the effects of variation in the in-
tervals between trials of one discrimination while the
overall ITI was unchanged. The primary question ad-

Table 1
Transfer Test in Experiment 1

F-0 (6]

F-T

T F Prestimulus

Group M SEM M SEM M SEM M SEM M SEM M SEM

1 63.5 £10.0 28.1 +6.6 542 *74 354 72 375 £7.7 8.0 =6.1

8 719 455 15.6 £33 354 50 323 +3.1

16.7 £33 8.0 +43

Note—Entries are mean +SEM food cup behavior, as a percentage of all observations.
F = feature stimulus; O = original target stimulus; T = transfer target stimulus.
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dressed in Experiment 2 was whether performance on a
particular discrimination would more closely reflect the
average interval between trials from that discrimination
or the average overall ITI—that is, the interval between
trials of any sort.

In Groups 1-1, 2-2, and 4-1.3, 16 trials were presented
in each 16-min session, so the overall ITI was 1 min.
(The group designations indicate the average interval be-
tween A trials and that between B trials, in minutes.) In
Group 1-1, A and B trials were delivered in separate ses-
sions, so that the interval between A trials and the interval
between B trials within sessions were also each 1 min. In
Group 2-2, there were 8 A and 8 B trials in each session,
so that the inter-A and inter-B intervals were both 2 min.
In Group 4-1.3, there were 4 A and 12 B trials, so that the
inter-A intervals averaged 4 min and the inter-B inter-
vals averaged 1.33 min. Thus, these three groups all had
the same overall ITI (1 min) but different inter-A and
inter-B intervals (1, 2, or 4 min, or 1, 2, or 1.3 min, respec-
tively). Finally, in Group 4-4, A and B trials were delivered
in separate sessions, at the rate of 4 in each 16-min ses-
sion. Thus, Groups 4-4 and 4-1.3 both had 4-min inter-
A intervals but very different overall ITIs (4 or 1 min).

Method

Subjects. Thirty-two experimentally naive female CD-strain rats
(obtained from Charles River, Raleigh, NC), 90 days old at the be-
ginning of the experiment, served as subjects. The rats were housed
and maintained as in Experiment 1.

Apparatus. The apparatus was a set of eight chambers similar to
those used in Experiment 1, except (1) the recessed food cup was
2 cm to the right of center, (2) there were infrared photocells (sam-
pled by computer circuitry at approximately 1 KHz) flush with the
recessed food cup, (3) there was another 6-W lamp (houselight)
mounted next to the speaker, (4) there was no background illumi-
nation, and (5) there were no television cameras.

Procedure. Initially, all rats were trained to eat from the recessed
food cup. In a single 16-min session, there were 16 presentations of
the event used as the US throughout this experiment, the delivery of
0.3 ml of 0.2 M sucrose solution, on a variable-time 1-min schedule.

Simple conditioning. All rats then received four 16-min sessions
of simple conditioning with the two serial compounds to be used
later in discrimination training. Each serial compound comprised a
5-sec visual stimulus (X or Y) followed, after a 15-sec empty inter-
val, by a 5-sec auditory stimulus (A or B), reinforced immediately
with sucrose. The visual cues used were a flashing (5 Hz) of the
panel light and steady illumination of the houselight, and the audi-
tory cues used were an intermittent white noise (75 dB) and a steady
1500-Hz tone (78 dB). All four combinations of the four events
were equally represented within each group; for each rat, one com-
pound was designated X—A, and the other was designated Y—B.
Group 1-1 received 16 reinforced X— A trials in the first and fourth
sessions of this phase and 16 reinforced Y—B trials in the second
and third sessions. Group 4-4 received 4 reinforced X—A trials in
the first and fourth sessions of this phase and 4 reinforced Y—B tri-
als in the second and third sessions. Group 2-2 received 8 reinforced
X—A trials and 8 reinforced Y—B trials in each of the four ses-
sions. Group 4-1.3 received 4 reinforced X—A trials and 12 rein-
forced Y—B trials in each of the sessions. In Group 4-4, the ITIs av-
eraged 4 min, but, in the remaining groups, the ITIs averaged 1 min.

Serial feature positive discrimination training. Next, the rats
received training on the two serial feature positive discriminations,
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“A” and “B.” Each discrimination cycle comprised one reinforced
serial compound trial (X—A+ or Y—B+) and three nonreinforced
S-sec target-alone trials (A— or B—). In each 16-min session, the
rats in Group 4-4 received a single discrimination cycle with either
the A or the B discrimination, the rats in Group 1-1 received four
cycles of either the A or the B discrimination, the rats in Group 2-2
received two cycles of each discrimination, and the rats in Group 4-1.3
received one cycle of the A discrimination and three cycles of the
B discrimination. In Group 4-4, the overall ITIs, measured from trial
onset to trial onset, averaged 4 min, and in the remaining groups
they averaged 1 min. The ITIs were randomly determined for each
session and ranged from 0.5 to 1.5 times the mean ITI, rectangu-
larly distributed. Groups 1-1 and 4-4 received 16 sessions with the
A discrimination and 16 sessions with the B discrimination, ran-
domly intermixed. In Groups 2-2 and 4-1.3, each of the 32 sessions
included trials with both the A and the B discrimination.

Data analysis. The primary measure of conditioning was the
percentage of time during the CS that the photocell in the food cup
was activated. (The rate of food cup entry and the latency to the first
food cup entry after CS onset were also recorded, but not reported.)
A simple measure of discrimination performance was constructed
by subtracting performance during the nonreinforced target CS
from performance during the reinforced CS. .

Results and Discussion

Figure 2 shows the acquisition difference scores, as a
function of the number of training cycles with each dis-
crimination task (each cycle comprised one reinforced se-
rial compound trial and three nonreinforced target-alone
trials). For convenience, in Groups 1-1, 2-2, and 4-4, per-
formance on the arbitrarily designated A and B discrim-
inations is combined (ANOVAs showed no differences in
performance on the A and B discriminations in any of
these groups). The points labeled 1.3-4 refer to perfor-
mance on the B discrimination in Group 4-1.3 (for which
the average interval between those B trials was 1.33 min),
and the points labeled 4-1.3 refer to performance on the
A discrimination in that group (for which the average in-

“terval was 4 min). Consistent with previous data (e.g.,

Experiment 1; Holland, 1995), acquisition of both the A
and the B discrimination was more rapid in Group 4-4,
in which both the overall ITI and the interval between tri-
als from that discrimination were 4 min, than in Groups
1-1 and 2-2, in which the overall ITIs were 1 min and the
intervals between A trials were 1 and 2 min, respectively.

More interesting is the performance of Group 4-1.3,
which had overall ITIs of 1 min but inter-A intervals of
4 min and inter-B intervals of 1.33 min. First, that group’s
performance on the A discrimination was considerably
better than its performance on the B discrimination. Sec-
ond, although that group’s performance on the A dis-
crimination was not as good as that in Group 4-4 (which
had both 4-min ITIs and 4-min inter-A intervals), it was
superior to performance in Groups 1-1 and 2-2, which,
like Group 4-1.3, had 1-min ITIs overall but had 1-min
and 2-min inter-A intervals, respectively. Third, Group 4-
1.3’ performance on the B discrimination was poorer
than Group 2-2’s performance on that discrimination.
Thus, not only did the overall ITI play a significant role (as
indicated by the superiority of performance in Group 4-4)
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Figure 2. Acquisition (mean +SEM) of discriminative responding (respond-
ing on reinforced compound trials minus responding on nonreinforced target-
alone trials) in Experiment 2, plotted by cycles. Each cycle comprised 1 rein-
forced compound trial and 3 nonreinforced target-alone trials. See text for
explanation of the group designations in the legend.

but also performance was substantially influenced by the
interval between trials on a particular discrimination when
the overall ITI was constant.

These claims were supported by a variety of statistical
analyses. First, a discrimination (A or B) X session block
ANOVA of the data from Group 4-1.3 over the first
8 four-cycle blocks (all of those that included both dis-
criminations) showed a reliable difference between per-
formance on the A and B discriminations [F(1,7) =
24.18]. Second, separate group X session ANOVAs of
the difference scores for the A and B discriminations
were conducted over the first 4 four-cycle blocks (com-
mon to all groups), the first 8 four-cycle blocks (com-
mon to all groups except Group 4-4), and the first 16
four-cycle blocks (common to Groups 1-1, 2-2, and, for
the B discrimination only, 4-1.3). ANOVAs over the first
4 four-cycle blocks showed reliable effects of group for
both the A and the B discrimination [Fs(3,28) = 12.58
and 23.89, respectively]. Tukey HSD tests showed these
discrimination difference scores for the A discrimination
to be reliably greater in Group 4-4 than the scores in
Group 4-1.3, which in turn were reliably greater than the
scores in Groups 1-1 and 2-2, which did not differ. Tukey
HSD tests for the B discrimination showed performance
in Group 4-4 to be superior to that in any of the other
groups, which did not differ. ANOVASs over the first 8 four-
cycle blocks also showed reliable effects of group for
both the A and the B discrimination [Fs(2,21) = 6.65 and
6.41, respectively]. Tukey HSD tests showed perfor-
mance on the A discrimination to be reliably better in
Group 4-1.3 than in Groups 1-1 and 2-2, which did not dif-
fer, and performance on the B discrimination to be reliably

poorer in Group 4-1.3 than in Groups 1-1 and 2-2, which
did not differ. ANOVAs over the first 16 four-cycle blocks
showed no reliable effect of group for either the A
[F(1,14) < 1] or the B [F(2,21) = 2.53] discrimination.

Finally, one-way ANOVAs showed that the number of
cycles to reach a criterion of 20% difference between S+
and S— responding in three consecutive cycles differed
reliably as a function of group for both the A and the B
discrimination [#5(3,28) = 11.34 and 9.11, respectively].
Subsequent Tukey HSD tests showed that, for the A dis-
crimination, criterion was reached significantly faster in
Groups 4-4 (mean of 8.0 cycles) and 4-1.3 (19.1 cycles)
than in Groups 1-1 (33.1 cycles) and 2-2 (41.2 cycles),
but neither of those pairs of groups differed among them-
selves. For the B discrimination, Group 4-4 (8.1 cycles)
reached criterion faster than any of the other groups,
which did not differ reliably among themselves (range of
35.8—-43.2 cycles).

Comparable analyses of performance to S+ and S—
individually (data not shown) were also carried out. All
of the trends described previously for the difference
score measures were apparent in responding to S— alone
(with a lower percentage time in the food cup corre-
sponding to higher difference scores), although several
of those effects did not reach statistical significance.
Many of those trends were also apparent in responding
to S+ (with a higher percentage time in the food cup cor-
responding to higher difference scores), but few were
statistically reliable.

As just presented, these data are generally consis-
tent with roles for both overall ITI and discrimination-
specific ITIs. The superiority of performance in Group 4-4
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shows that longer overall ITIs generated better learning,
even when the discrimination-specific ITI was equated
(compare with the A discrimination in Group 4-1.3).
Furthermore, the ordering of performance in Groups 2-2
and 4-1.3 (both of which had the same overall ITIs, 1 min)
is consistent with a role for discrimination-specific inter-
val as well: Performance was best with 4-min inter-A
intervals (A in Group 4-1.3), intermediate with 2-min
inter-A intervals (Group 2-2), and worst with 1.3-min in-
tervals (B in Group 4-1.3).

However, the performance of Group 1-1 suggests other
interpretations of these data. Because the discrimination-
specific intervals in Group 1-1 were 1 min, performance
in that group should have been worst of all, rather than
intermediate, as observed. Several accounts for this dis-
crepancy come to mind. Two preserve the notion that dis-
crimination-specific interval is important. First, discrim-
ination performance might be insensitive to the difference
between 1-min (Group 1-1) and 2-min (Group 2-2) dis-
crimination-specific intervals, and differential perfor-
mance in Group 4-1.3 might be the result of a contrast
effect, which made the A (4-min interval) discrimination
performance better and the B (1.3-min interval) discrim-
ination performance worse than would have occurred if
each group had only one interval value for both discrim-
inations. Second, Group 1-1 might have shown enhanced
performance relative to Group 2-2 because of some un-
specified advantage of having to deal with only one dis-
crimination in each session.

Two other accounts for Group 1-1’s intermediate per-
formance deny the importance of discrimination-specific
interval. Both are based on the fact that, in Experiment 2,
the number of cycles in each session differed across the
various groups. Consequently, between-groups compar-

n
o

w
o

N
o

-
o

133

isons of performance over equal numbers of cycles may
include data from different numbers of sessions and after
different amounts of training of the other discrimination.
Some investigators have noted that learning proceeds
more rapidly when fewer trials are given in each session,
independent of ITI (e.g., Papini & Dudley, 1993). Thus,
in Group 4-1.3, for example, performance on the A dis-
crimination may have been superior to performance on
the B discrimination not because of an advantage in trial
spacing per se but because of some other advantage of
having fewer A trials than B trials in each session.

Another perhaps even simpler possibility is to con-
sider the effects of generalization between the two dis-
criminations, A and B. Suppose the rats generalized com-
pletely, treating the A and B discriminations as one. In
that case, the appropriate comparisons would not be of
the number of cycles of a particular discrimination but
rather the total number of cycles of all discriminations,
which was identical in all groups except Group 4-4.

Figure 3 shows the data from the acquisition phase of
Experiment 2, replotted as a function of blocks of sessions
rather than blocks of cycles. ANOVAs such as those con-
ducted for the cycles data revealed no reliable effects,
except for sessions and a superiority of performance in
Group 4-4 to that in Group 1-1 (Tukey HSD test).

The superiority of performance in Group 4-4 to that in
Group 1-1 shows that the advantage of the 4-min ITI
over the 1-min ITI (or of having one fourth as many tri-
als in each session) was large enough to overcome the
former group’s disadvantage of receiving one fourth as
many training trials over the same number of sessions.
By contrast, the lack of differences among performances
in the remaining conditions is consistent with the possi-
bility that the rats in the remaining groups failed to dis-
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Figure 3. Acquisition (mean £SEM) of discriminative responding (respond-
ing on reinforced compound trials minus responding on nonreinforced target-
alone trials) in Experiment 2, plotted by sessions. See text for explanation of the

group designations in the legend.



134 HOLLAND

tinguish between trials on the A and B discriminations.
On the other hand, previous experiments with these same
stimuli showed that the two serial compounds are readily
discriminated (e.g., Holland, 1989a, 1989b). In the ab-
sence of complete generalization between the A and B dis-
criminations, the observation that all groups trained with
overall ITIs of 1 min acquired in the same number of ses-
sions implies that the advantage of using longer intervals
between trials from the same discrimination might have
been large enough to overcome the disadvantage of giving
fewer training cycles with those intervals in each session.
Experiment 3 was designed to disentangle the effects of
discrimination-specific ITI and number of cycles per ses-
sion, which were confounded in Experiment 2, and to re-
duce the possible contribution of generalization between
the two discriminations.

EXPERIMENT 3

In Experiment 3, rats again received training cycles
with two discriminations, A and B. For all these groups,
the overall ITI was 1 min, but the interval between A trials
varied across the groups: 2, 3, or 4 min. In each session,
each group received only one cycle of the A discrimina-
tion but varying numbers of cycles of the B discrimina-
tion. Thus, the interval between A trials and the number
of A cycles in each session were not confounded, as in Ex-
periment 2. To minimize the contribution of generaliza-
tion between the A and B discriminations, the modalities
of the features and targets differed across discriminations.

Experiment 3 also considered whether the inter-A in-
terval effects observed reflected variations in learning or
in performance. At the end of training, all rats were tested
with the longest and shortest inter-A intervals, keeping
the overall ITI constant by interpolating different num-
bers of trials from the B discrimination. Finally, in an ef-
fort to more completely describe the ITI effects observed,
the data from this test session were examined for sequence
effects. Many investigators have noted that performance
on individual trials in discrimination tasks can be affected
by the nature of the immediately preceding trial (e.g.,
Grant, 1975; Han, Gallagher, & Holland, 1998; Hogan,
Edwards, & Zentall, 1981; Pontecorvo, 1983) or by the
occurrence of a response that was incorrect for the present
trial (e.g., Roitblat & Scopatz, 1983), especially when
the ITIs are relatively brief.

Method

Subjects and Apparatus. Twenty-four experimentally naive fe-
male CD-strain rats (obtained from Charles River, Raleigh, NC),
90 days old at the beginning of the experiment, served as subjects.
The rats were housed and maintained as in Experiments 1 and 2.
The apparatus was that used in Experiment 2.

Procedure. Initially, all rats were trained to eat from the recessed
food cup, as in Experiment 2. All rats then received four sessions
of simple conditioning, with the two serial compounds to be used
later in discrimination training. Each X—A compound comprised.
a 5-sec flashing (5 Hz) of the panel light followed, after a 15-sec
empty interval, by a 5-sec steady 1500-Hz tone, reinforced imme-
diately with sucrose; each Y—B compound comprised a 5-sec in-
termittent white noise followed, after a 15-sec empty interval, by a
steady illumination of the houselight also reinforced immediately
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Figure 4. Acquisition (mean £SEM) of discriminative responding (responding on
reinforced compound trials minus responding on nonreinforced target-alone trials)
for the A discrimination in Experiment 3, plotted by cycles. Each cycle comprised
1 reinforced compound trial and 3 nonreinforced target-alone trials. See text for ex-
planation of the group designations in the legend.
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with sucrose. Group 2-2 received 4 reinforced X—A trials and 4
reinforced Y—B trials in each of four 8-min sessions. Group 3-1.5
received 4 reinforced X—A trials and 8 reinforced Y—B trials in
each of four 12-min sessions. Group 4-1.3 received 4 reinforced
X—A trials and 12 reinforced Y—B trials in each of four 16-min
sessions. Thus, the average overall ITI was 1 min (distributed as in
the previous experiments), whereas the average interval between
X—A trials was 2, 3, or 4 min in the three groups.

Next, the rats received training on the two serial feature positive
discriminations, “A” and “B.” Each discrimination cycle comprised
one reinforced serial compound trial and three nonreinforced 5-sec
target-alone trials. In each of 20 sessions, the rats in all groups re-
ceived a single cycle of the A discrimination and one, two, or three
cycles of the B discrimination (Groups 2-2, 3-1.5, and 4-1.3, re-
spectively). Session lengths and ITIs were the same as in the previ-
ous phase.

Finally, all rats’ performance on the two discriminations under
both the 2-2 and the 4-1.3 interval condition was examined in four
test sessions. In the first and fourth sessions, identical to the train-
ing sessions received by Group 2-2, half of the rats in each group
were tested with 2-min inter-A and inter-B intervals. Each 8-min
session included 1 reinforced X—A trial and 3 nonreinforced A tri-
als, intermixed with 1 reinforced Y—B trial and 3 nonreinforced
B trials. The other half of the rats in each group were tested with
4-min inter-A and 1.3-min inter-B intervals, identical to the train-
ing sessions received by Group 4-1.3. Each 16-min session in-
cluded 1 reinforced X—A trial and 3 nonreinforced A trials, inter-
mixed with 3 reinforced Y—B trials and 9 nonreinforced B trials.
In the second and third test sessions, the rats were tested with the
other set of intervals. In all of the test sessions, the interval between
each trial was fixed (1 min, onset to onset). For the 2-min interval
test, in one session, the trial sequence was B, YB, A, A, B, XA, A,
B; in the other session, Trials 4 and 5 were exchanged. These se-
quences were chosen to permit the analysis of the effects of n — 1
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trial type on performance on trial n A discrimination trials (XA and
A trials). For the 4/1.3-min interval test, in one session, the trial se-
quence was B, B, A, YB, B, A, B, XA, YB,B,B, A,B, YB,B, B; in
the other session, Trials 5 and 9 were exchanged. These sequences
were chosen to permit analysis of the effects of n — 1 trial type on
performance on trial n B discrimination trials (YB and B trials).

Results and Discussion

Figure 4 shows the primary data from Experiment 3,
the acquisition of the A discrimination. With an overall
ITI of 1 min and one A discrimination cycle per session
in each group, performance on the A discrimination was
greater the longer the interval between A trials. Thus, the
major finding of Experiment 2 was replicated in Exper-
iment 3 under conditions in which it was less likely that
either stimulus generalization or the number of A dis-
crimination trials per session were major contributors. A
group X block ANOVA showed reliable main effects of
group [F(2,21) = 4.39] and session block [F(4,84) =
151.98] and a significant group X session block inter-
action [F(8,84) = 5.02]. A trend analysis showed reliable
linear variation (across groups) in the linear trend over
session blocks [F(1,21) = 13.62; residual F < 1].

The left side of Figure 5 shows acquisition of the B
discrimination, plotted as a function of discrimination
cycles. As with the A discrimination, over the earlier
portions of training, common to all three groups, perfor-
mance on the B discrimination was better when the inter-
B interval was longer. (Note that the inter-B interval re-
mained confounded with the number of B discrimination
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Figure 5. Acquisition (mean +SEM) of discriminative responding (responding on reinforced compound trials minus re-
sponding on nonreinforced target-alone trials) for the B discrimination in Experiment 3, plotted by cycles (left panel) and ses-
sions (right panel). Each cycle comprised 1 reinforced compound trial and 3 nonreinforced target-alone trials. See text for ex-

planation of the group designations in the legend.
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trials received in each session, as in Experiment 2, as
well as the total number of training trials in each session.)
This claim was supported by a statistical analysis like
that reported in Experiment 2. A group X session ANOVA
of the difference scores for the B discrimination was con-
ducted over the first five four-cycle blocks (common to
all groups). This analysis showed reliable effects of group
[F(2,21) = 3.89] and cycle blocks [F(4,84) = 188.42];
the interaction was not reliable. Tukey HSD tests showed
the discrimination difference scores to be reliably greater
in Group 2-2 than in either Group 3-1.5 or Group 4-1.3,
which did not differ. Finally, with extended training, per-
formance of the two groups with shorter inter-B inter-
vals (3-1.5 and 4-1.3) attained respectable levels.

The right side of Figure 5 shows acquisition of the B
discrimination, plotted as a function of sessions. Unlike
in Experiment 2, the more B discrimination trials given,
the better the performance on that discrimination, de-
spite the shorter inter-B intervals associated with more
training trials. A group X session ANOVA showed a re-
liable effect of session [F(4,84) = 195.61] and a signif-
icant group X session interaction [F(8,84) = 9.71]. It is
perhaps not surprising that the 50% longer inter-B inter-
val in Group 2-2, compared with Group 4-1.3, was over-
whelmed by the threefold difference in the number of B
discrimination trials per session across those groups. Note
that, in Experiment 2, in which there were no group effects
when the data were plotted as a function of sessions, the
threefold difference in the number of discrimination trials
per session across conditions was balanced by a three-
fold difference in the discrimination-specific ITI.

Table 2 shows A discrimination responding in the test
sessions in which responding of all three groups was
tested with both 2-min and 4-min inter-A intervals. The
overall ITI was kept constant at 1 min by interpolating
different numbers of trials from the B discrimination.
Testing at the shorter inter-A interval impaired perfor-
mance of the rats trained with the longest inter-A interval
{Group 4-1.3), but testing with the longer interval did not
enhance performance of the rats trained with the shorter
inter-A intervals. A training interval (group) X test in-
terval X test stimulus ANOVA showed reliable effects of
group [F(2,21) = 5.96] and test stimulus [F(3,63) =

85.83] and significant group X test stimulus [F(6,63) =
8.11], test interval X test stimulus [F(3,63) = 25.46],
and three-way [F(6,63) = 7.87] interactions. Tukey HSD
tests showed that, in Group 4-1.3, test with the shorter
(2-min) inter-A interval depressed responding on X—A
trials but increased responding on A-alone trials. There
were no other reliable differences between 4-min and
2-min test responding within any group.

Finally, responding on each trial type in the test ses-
sions was examined as a function of the identity of the
immediately preceding trial type (Table 3). Performance
was disrupted by “negative trial transitions” within a dis-
crimination. Responding on B-alone trials was elevated
when they were preceded by Y—B or X—A trials, rela-
tive to when they were preceded by A-alone or B-alone
trials, and responding on A-alone trials was elevated when
they were preceded by X—A or Y-B trials, relative to
when they were preceded by A-alone or B-alone trials.
Furthermore, these latter deleterious effects of compound
presentations on trial n — 1 were greater when they con-
tained the same single element that was presented on trial n
(e.g., X—A before A-alone). Likewise, responding to the
X—A compound was lower following presentations of
A alone than following presentations of B alone.

A group X trial n type X trial n — 1 type ANOVA for
responding on B-alone and Y—B trials showed reliable
effects of all three factors [F(2,21) = 13.17; F(1,21) =
39.45; and F(3,63) = 24.25, respectively] and a trial n
type X trial n — 1 type interaction [F(3,63) = 9.92].
Tukey HSD tests showed that responding on B-alone tri-
als was greater after a Y- B trial than after any other
kind of trial and was greater after an X—A trial than after
an A-alone trial. Similar tests showed no differences in
responding on Y—B trials as a function of the preceding
trial. A group X trial » — 1 type ANOVA of responding
on A-alone trials showed only a reliable effect of n — 1
trial type [F(3,63) = 18.94]. Tukey HSD tests showed
that responding on A-alone trials was greater after an
X—A trial than after any other trial type and was greater
after a Y—B trial than after another A-alone trial. Be-
cause there were only 2 XA trials in the test, only the ef-
fects of prior A-alone and B-alone trials on responding on
X—A trials were examined. A group X trial n — 1 type

Table 2

Performance Test in Experiment 3 (Percentage of Time in Food Cup)

Group 2-2 Group 3-1.5 Group 4-1.3

2-2 4-1.3 2-2 4-13 2-2 4-13
TrialType M SEM M SEM M SEM M SEM M SEM M SEM
X—>A 445 £25 429 +2.4 46.6 £2.5 50.2 +2.8 499 +£2.8 584 +3.2
A 35.8 £2.7 33.9 2.4 36.7 £2.0 31.3 2.2 382 £3.0 24.6 +2.7
YoB 442 £15 425 1.3 551 £2.6 534 3.1 66.5 £3.3 64.5 £3.5
B 34.0 £2.6 33.9 23 36.1 £1.2 38.2 1.3 42.1 £2.0 444 2.3

Note—Entries are mean +SEM percentage of time in the food cup. X = feature from
the A discrimination; A = target from the A discrimination; Y = feature from the B
discrimination; B = target from the B discrimination. 2-2 refers to the tests in which
both inter-A and inter-B intervals were 2 min; 4-1.3 refers to the tests in which inter-
A interval was 4 min and inter-B interval was 1.3 min.
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Table 3
Sequential Analysis of Experiment 3 Test Data
(Percentage of Time in Food Cup)

2-2 Test 4-1.3 Test
Trial n type Trial n Type
X—>A A Y-B B
Trialn—~1Type M SEM M SEM M SEM M SEM
X—>A 433 2.0 53.1 +2.8 41.0 1.7
A 444 £15 292 £2.1 538 +25 34.6 2.2
Y-B 349 1.7 553 £2.7 509 #2.1
B 49.6 £2.6 32.1 £2.1 49.6 2.1 353 +1.7

Note—Entries are mean (+SEM) percentage of time in the food cup,
collapsed across all groups. X = feature from the A discrimination;
A = target from the A discrimination; Y = feature from the B dis-
crimination; B = target from the B discrimination. 2-2 refers to the tests
in which both inter-A and inter-B intervals were 2 min; 4-1.3 refers to
the tests in which inter-A interval was 4 min and inter-B interval was
1.3 min.

ANOVA of X—A responding also showed only a reliable
effect of n — 1 trial type [F(1,21) = 7.41]; responding on
XA trials was depressed when they were preceded by
A alone, relative to when they were preceded by B alone.

The observation of interference with responding on
A-alone trials by prior Y—B trials and of responding on
B-alone trials by prior X—A trials might indicate that the
attempt to minimize generalization between the A and B
discriminations was not entirely successful. Alternately,
sucrose delivery, common to both types of compound tri-
als, may have contributed to the interference effect.

GENERAL DISCUSSION

Consistent with Hollands (1995) findings with operant
conditioning procedures, feature positive discrimination
learning using Pavlovian appetitive conditioning proce-
dures was more rapid with longer ITIs (Experiments 1
and 2). Also as in Holland’s (1995) study, in Experiment 1,
there was less transfer of the feature’s behavioral control
to a separately trained target cue after training with longer
ITIs, suggesting that longer ITIs encouraged the use of
an occasion setting strategy. Finally, the results of Ex-
periments 2 and 3 go beyond Holland’s (1995) data in
suggesting that both the overall ITI and the interval be-
tween trials relevant to a particular discrimination play
roles in determining performance. Learning and per-
formance on one feature positive discrimination was
depressed less when the overall ITI was reduced by in-
terspersing trials from a second feature positive discrim-
ination than when it was reduced by providing additional
trials from the first discrimination,

A variety of accounts have been offered for spaced prac-
tice effects. For example, some authors (e.g., Mustaca,
Gabelli, Papini, & Balsam, 1991) have suggested that
shorter ITIs and, hence, higher rates of US presentation
encourage greater context conditioning, which might in
turn influence the effectiveness of various trial types in
generating discrimination learning or performance. In
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the present experiments, the rats trained with lower rates
of US presentation (longer overall ITIs) showed faster
discrimination learning than did those trained with higher
rates. However, in Experiments 2 and 3, groups of rats
trained with identical US presentation rates showed dif-
ferent rates of discrimination learning, depending on
whether the additional USs were presented with the tar-
get cue from the primary discrimination or the target
from a second discrimination.

Although it seems unlikely that the use of two discrim-
inations rather than one would substantially affect con-
text conditioning in these experiments, there is theoreti-
cal precedent for the suggestion that intermixing two types
of reinforced trials might alter the influence of context
conditioning on performance to an explicit CS. In the ser-
vice of accounting for the differential effects of intermix-
ing signaled and unsignaled US presentations on condi-
tioning, Cooper, Aronson, Balsam, and Gibbon (1990)
outlined a “deletion comparator” extension of Gibbon and
Balsam’s application of scalar expectancy theory (Gib-
bon, 1977) to conditioning. In Gibbon and Balsam’s ac-
count, response performance to a CS reflects the ratio of
the average delay to US delivery during the session as a
whole to the average delay to US delivery during the CS
(the cycle/trial, or C/T, ratio). Longer ITIs generate greater
performance by increasing the cycle time. Cooper et al.
proposed that when there were multiple CSs, USs sig-
naled with one CS (and the duration of that CS) were
somehow deleted from the comparison term (the deletion-
cycle duration, or Cyp,). If an analogous deletion occurred
in the present experiments, the CSs and USs from the B
discrimination would be omitted from the comparison
process that determines performance on A discrimina-
tion trials, leaving only the additional empty intervals in
the calculation. Thus, A discrimination performance
should be better with longer inter-A intervals even when
those intervals include trials from another discrimination,
consistent with the data of Experiments 2 and 3. Fur-
thermore, because this deletion calculation would ex-
clude the durations of the CSs from the B discrimination,
inserting B trials when the inter-A interval is extended
would produce poorer performance than merely extend-
ing the ITI. This expectation was also confirmed in Ex-
periment 2: Acquisition was more rapid in Group 4-4, in
which the 4-min inter-A intervals were empty, than in
Group 4-1.3, in which those intervals included trials from
the B discrimination. Applicability of this approach to
the present data, however, awaits further explication of
the nature of such a deletion mechanism.

Another approach to understanding the data of these
experiments follows the lead of Kehoe, Cool, and Gor-
mezano (1991), who suggested that longer ITIs enhance
discrimination learning by reducing proactive interference
from preceding trials (see Wright, Urcuioli, & Sands,
1986, for a review). Many investigators have found trial
sequence effects on learning and performance on dis-
crimination tasks, such that performance on a given trial
is degraded if the immediately preceding trial was of the
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opposite significance (e.g., Grant, 1975; Hogan et al.,
1981; Pontecorvo, 1983) or generated a response that was
incorrect for the present trial (e.g., Roitblat & Scopatz,
1983). Learning or performance would be impaired to the
extent that a memorial record of a previous trial interfered
with processing of the current trial or disrupted the proper
assignment of the effects of reinforcement or nonrein-
forcement to the cues present on the current trial.

Generally, these deleterious effects attributed to pro-
active interference are greater the shorter the ITI (e.g.,
Grant, 1975; Roitblat & Scopatz, 1983); thus longer ITIs
would support more rapid learning. Furthermore, it is
commonly assumed that interference among similar
items is greater than that among dissimilar items (e.g.,
Niemark, Greenhouse, Law, & Weinheimer, 1965). As a
result, in the present experiments, interpolation of trials
from the B discrimination might produce less interfer-
ence with performance on the A discrimination than in-
terpolation of additional A trials. For example, the effects
of an X—A+ trial might be reduced more by an imme-
diately preceding A — trial than by a B— trial. Conse-
quently, both the overall ITI and the inter-A interval would
be expected to influence discrimination performance. The
results of the test session of Experiment 3 supported this
analysis: Responding on A— trials was less accurate (a
greater percentage of time was spent in the food cup)
after X—A+ trials than after Y—B+ trials.

Using an operant “ambiguous feature” discrimination
procedure (X - A+/ A— /X — B— / B+) related to the
feature positive discriminations used here, Han et al.
(1998) also noted an interaction between ITI and trial se-
quence that was consistent with this proactive interfer-
ence account of ITI effects. With short (0.5- or 1-min)
ITIs, they found poorer discrimination performance on
A-alone trials when they were preceded by X—A trials
than when they were preceded by any other kind of'trial,
and they found poorer performance on X—B trials when
they were preceded by B-alone trials than when they were
preceded by any other type of trial. In contrast, with long
(8-min) ITIs in testing, trial sequence was irrelevant.

Interestingly, Han et al. (1998) found that rats with
hippocampal lesions failed to show these sequential ef-
fects when trained and tested with short ITIs, and, indeed,
these rats showed more accurate performance overall
than did normal rats. These results led Han et al. to spec-
ulate that the lesioned rats had working memory deficits
such that the record of the previous trial faded rapidly,
relative to normal rats. As a result, lesioned rats would
not be subject to proactive interference effects even with
short ITIs and, hence, might display superior perfor-
mance with short ITIs. By contrast, when trained and
tested with long ITIs, performance of lesioned rats and
normal rats did not differ. Both groups of rats showed
comparable discrimination accuracy, and neither showed
evidence for sequence effects, consistent with the ex-
pectation that long ITIs would minimize the importance
of proactive interference effects. To the extent that the

superiority of the performance of rats in the groups with
interpolated B trials to those with additional A trials re-
sulted from similar proactive interference effects, one
would predict that, although rats with hippocampal le-
sions would show better performance than normal rats
when trained with short inter-A intervals, that advantage
would be reduced when the inter-A interval was ex-
tended (but the overall ITI was left unchanged) by the in-
terpolation of trials from a second, B, discrimination.

Although the differential effects of interpolating A and
B discrimination trials may be well described by this pro-
active interference account, other evidence from Han
et al.’s (1998) study suggests that proactive interference
alone is not likely to be responsible for the advantage of
longer overall ITIs. If the lesioned rats were unable to
hold a record of the preceding trial for as long as 30 sec,
as suggested by their failure to show sequence effects,
then there would be little difference in the amount of
proactive interference regardless of whether the training
ITI was 1 min or 8 min. But, like normal rats, lesioned
rats showed much more rapid acquisition of the ambigu-
ous discrimination with 8-min ITIs than with 1-min ITIs.
Clarification of the mechanisms by which ITI affects
feature positive discrimination performance awaits fur-
ther study.
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