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Effects of CS preexposure on inhibition of delay

TODD R. SCHACHTMAN, STEPHEN CHANNELL, and GEOFFREY HALL
University of York, York, England

Two experiments examined the effects of preexpasure to a stimulus on the subsequent acquisi-
tion of conditioned suppression by rats. Variations in the level of suppression within condition-
ing trials were noted so that inhibition of delay (taken here to mean less suppression at the be-
ginning of a trial than at the end) could be detected. Inhibition of delay was observed both during
the acquisition of suppression and (in Experiment 1) when suppression began to wane with con-
tinued postasymptotic training. Preexposure to the to-be-conditioned stimulus retarded acquisi-
tion of suppression and slowed the appearance of inhibition of delay both in acquisition and (in
Experiment 1) in postasymptotic performance. Experiment 2 demonstrated that inhibition of de-
lay was attenuated during conditioning that followed preexposure in which the stimulus was
paired with a weak reinforcer. These results provide no support for the suggestion that preexposure
to a stimulus retards later conditioning because it allows the subject to acquire information about
stimulus duration that in turn fosters the development of inhibition of delay. Rather, they are

compatible with the suggestion that preexposure causes the stimulus to lose associability.

When animals are given extended training in a classi-
cal conditioning procedure with a relatively long condi-
tioned stimulus (CS), conditioned responding may come
to be restricted to that portion of the CS that is most con-
tiguous with reinforcement (e.g., Pavlov, 1927). A more
recent demonstration of the effect was provided by Zie-
linski (1966) in an experiment using the conditioned sup-
pression technique. In each of 21 sessions, rats received
three presentations of a 6-min CS followed by electric
footshock. Suppression during the CS was virtually com-
plete during the first 10 sessions of training, but there-
after some recovery of responding was observed. This
recovery was attributable to the occurrence of responses
in the first third of the CS; responding continued to be
suppressed toward the end of the CS.

These phenomena have been viewed as instances of in-
hibition of delay (Pavlov, 1927). This term can be used
at a descriptive level and need not imply acceptance of
any particular theory of the effect. We use it here to mean
less conditioned responding at the beginning of a CS than
at the end. It is often assumed, however, that inhibition
of delay depends upon subjects’ acquiring information
about CS duration and discriminating between the initial
and terminal parts of the CS-unconditioned stimulus (US)
interval (e.g., Hammond & Maser, 1970; Millenson &
Dent, 1971).

This analysis has implications for the interpretation of
latent inhibition, the retardation of conditioning produced
by prior exposure to the to-be-conditioned stimulus (Lu-
bow, 1973). If the duration of the stimulus is held con-
stant during preexposure and conditioning, then informa-
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tion about CS duration is available during the preexposure
phase. Possession of such information could facilitate the
formation of a temporal discrimination during condition-
ing between the initial and terminal portions of the CS.
Inhibition of delay would then occur rapidly and the over-
all magnitude of the conditioned response (CR) would be
less than that seen in control subjects given no preex-
posure.

Latent inhibition has been variously attributed to the
loss of an attentional response to the stimulus (Lubow,
Weiner, & Schnur, 1981), to a decline in the associabil-
ity of the stimulus (e.g., Pearce & Hall, 1980; Wagner,
1978), or to the learning of a zero correlation between
the stimulus and other events (Weiss & Brown, 1974).
These explanations have in common the assumption that
latent inhibition is an instance of negative transfer from
preexposure to conditioning. The hypothesis advanced
above challenges this assumption and raises the possibil-
ity that latent inhibition may reflect superior learning of
a temporal discrimination during the CS, rather than a
retardation of conditioning.

The present experiments used a conditioned suppres-
sion preparation to assess the effects of CS preexposure
on the acquisition of inhibition of delay. Experiment 1
focused on the importance of nonreinforced stimulus pre-
exposure in providing information about CS duration and
thereby influencing the temporal discrimination possibly
necessary for inhibition of delay. Experiment 2 examined
the contribution of inhibition of delay to the variant of
the latent inhibition effect demonstrated by Hall and
Pearce (1979) in which the target stimulus is accompa-
nied by a weak reinforcer during the exposure phase.

EXPERIMENT 1

In the conditioning phase of this experiment, all sub-
jects received training with a relatively long (120-sec)
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stimulus (a tone) preceding electric footshock. The dis-
tribution of responding during the CS presentations of the
acquisition trials was examined by separately recording
responses in each of the four 30-sec components of the
CS. In this way, changes in the degree of suppression
manifest during a trial might be revealed. Following Zie-
linski (1966), training was extended to allow assessment
of inhibition of delay during the postasymptotic portion
of the learning curve when a loss in the CR typically
occurs.

There were four groups of subjects that differed in the
training they received prior to conditioning. Group Tone-C
(for preexposure to a tone of constant duration) received
120-sec nonreinforced presentations of the tone that was
to be used as the CS in conditioning. Latent inhibition
is to be expected, and thus this group should show retarded
conditioning with respect to the control groups, Group VI
and Group Light-C. Group VI received equivalent preex-
posure to the apparatus but with no presentations of the
tone. Group Light-C (for light preexposure of constant
stimulus duration) received presentations of a light stimu-
lus of the same duration as the target tone preexposure
given to Group Tone-C. Preexposure for Group Light-C
afforded information about the duration of a nontarget
stimulus in the absence of latent inhibition to the target
tone. The fourth group, Group Tone-V (for tone preex-
posure of variable stimulus duration during preexposure),
received the same total amount of preexposure to the tone
as did Group Tone-C, but the duration of the tone varied
from trial to trial during preexposure. Thus, subjects in
this group received a latent inhibition treatment in the ab-
sence of an opportunity to acquire appreciable informa-
tion about the duration of the CS used in the conditioning
phase. This group was thus less likely than was Group
Tone-C to show enhanced development of inhibition of
delay and, inasmuch as inhibition of delay contributes to
the latent inhibition effect, was less likely to yield retarded
conditioning.

Method

Subjects. The subjects were 32 naive male adult hooded (PVG)
rats, approximately 100 days old. The rats were housed, 2 to a cage,
in Perspex cages with the floor layered with wood shavings in a
vivarium maintained on a 16-h light/8-h dark cycle. Sessions were
run during the light portion of this cycle. The rats were maintained
at 80% of their free-feeding body weights and water was available
ad lib in the home cage.

Apparatus. Four identical operant chambers (Campden Instru-
ments, Ltd.) were employed in the study. Each chamber was
equipped with a single response lever adjacent to a recessed food
magazine to which 45-mg food pellets (Campden Instruments, Lid.)
could be delivered. The floor consisted of steel rods (0.4 ¢m in di-
ameter and spaced 1.4 cm center to center) that could be electri-
fied by a Campden Instruments (Model 521S) scrambled-current
shock source. The roof of the chamber consisted of a sheet of white
translucent plastic above which was a 30-W strip light that could
be operated at 100 V to provide the light stimulus. A 64-Q speaker
mounted on the rear wall of the box could be used to present either
a 4000-Hz tone or a 20/sec click train at an intensity of 17 dB(A)
(re: SPL) above a 65-dB(A) background noise level with the inten-

sity measured close to the lever. Each chamber was housed in a
sound- and light-resistant environmental enclosure containing an
exhaust fan that provided background noise.

Procedure. All subjects were initially trained to barpress for food
pellets. On Day 1, the subjects were placed in the chambers with
the levers removed for 30 min and noncontingent food pellets were
delivered on a variable-time 1-min schedule with the magazine flaps
retracted to allow access to the pellets. Day 2 was identical to Day 1
except that the magazine flaps were in their normal lowered posi-
tion. On Days 3 and 4, the levers were inserted into the chamber
and the subjects were given barpress training on a continuous rein-
forcement schedule each day until 75 reinforcements had been de-
livered. On Day 5, the subjects responded on a variable-interval
(VI) 30-sec schedule during a 30-min session. On Days 6-10, the
subjects barpressed on a VI 60-sec schedule for 30 min each day.
Following barpress training, the subjects were assigned to groups
balanced for response rates on the final day of the VI 60-sec base-
line phase. There were initially 8 subjects per group, but 1 animal
in Group Light-C became ill and was eliminated during Phase 1.

Phase 1 was conducted on the baseline and occurred on
Days 11-22. During each of these 12 30-min sessions, subjects in
Group Tone-C were exposed to two 120-sec nonreinforced tone
presentations, initiated 10 and 22 min into the session. Group
Light-C received identical treatment except that the overhead light
was substituted for the tone. Group Tone-V received two presen-
tations of the tone in each of these sessions, but the duration of
the tone varied within and across sessions in such a way that the
average duration over the 12 sessions was 120 sec. The first and
second tone presentations were 60 and 180 sec long on Days 11,
15, and 19; 120 and 90 sec long on Days 12, 16, and 20; 30 and
210 sec long on Days 13, 17, and 21; and 150 and 120 sec long
on Days 14, 18, and 22. The fourth group, Group VI, merely bar-
pressed on the VI 60-sec baseline during this phase. Responses were
recorded during each CS presentation and during a period immedi-
ately preceding the CS and equal in duration to the CS presenta-
tion for that trial. Additionally, responses were recorded separately
during the 30-sec epochs (subtrials) of each CS presentation.

Phase 2 occurred on Days 23-34. In each of these 30-min ses-
sions, all subjects received two 120-sec presentations of the tone,
at 10 and 22 min into the session, with offset of the tones concur-
rent with the onset of a .4-mA, 500-msec footshock. Phase 2 treat-
ments were superimposed on the VI 60-sec operant baseline and
responses were recorded as described for Phase 1.

Results and Discussion

Daily suppression scores. Daily suppression scores
were calculated for each subject, using the ratio a/(a+b)
where a = responses emitted during both stimulus presen-
tations and b = responses emitted during both prestimu-
lus periods in that session. After the first session, group
mean scores did not deviate substantially from .50 dur-
ing Phase 1. In the final session of this phase, the group
mean scores were .53 for Group Tone-C, .52 for Group
Tone-V, and .50 for Group Light-C. These scores did not
differ reliably (F < 1). They were derived from approxi-
mately equivalent baseline response rates. In the final ses-
sion of Phase 1, the mean rates of response in the absence
of the stimulus were 17.19 responses per minute for Group
Tone-C, 12.22 for Group Tone-V, 14.82 for Group VI,
and 17.14 for Group Light-C [F(3,27) = 1.89,p > .10].

Baseline response rates declined during Phase 2, but
did so in all groups, and there were no reliable differ-
ences among them on this measure. The rates over all
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Figure 1. Experiment 1: Group mean daily suppression ratios for Phase 2. Group Tone-C received preexposure to a tone of constant
duration, Group Tone-V received preexposure to a tone of variable duration, Group Light-C received preexposure to a light of constant
duration, and Group VI received pretraining on a variable-interval schedule only.

Phase 2 sessions in responses per minute were 10.14 for
Group Tone-C, 7.25 for Group Tone-V, 11.39 for
Group VI, and 10.36 for Group Light-C [F(3,27) = 2.77,
p > .05]. Suppression scores for Phase 2 are depicted
in Figure 1, which shows that all groups acquired sup-
pression over the first few days of conditioning but that
thereafter suppression tended to be lost. The groups fell
into two pairs. In the preasymptotic phase (up to Day 4),
the two groups given preexposure to the tone acquired
suppression less readily than did the other two groups.
In the postasymptotic phase (from Day 5 onward), the
tone-preexposed groups lost suppression less readily than
did the other two groups.

An analysis of variance for the preasymptotic scores
of the four groups (i.e., the scores for Days 1-4) revealed
a significant difference among the groups [F(3,27) =
5.18, p < .01}, a significant change over days [F(3,81)
= 111.29, p < .01], and a significant interaction between
these factors [F(9,81) = 4.04, p < .01]. A separate com-
parison of Group VI and Group Light-C confirmed that
there was no difference between them. It revealed only
a significant effect of days [F(3,39) = 80.18, p < .01],
other Fs being less than 1. Thus there is no evidence that
preexposure to some different stimulus having the same
temporal duration as that to be used as a CS modifies the
rate of conditioning to that CS.

Both tone-preexposed groups showed latent inhibition.
Comparison of the preasymptotic scores for Group Tone-C
and Group VI revealed a significant difference between
the groups [F(1,14) = 8.97, p < .01], a significant
change over days [F(3,42) = 69.47,p < .01], and a sig-
nificant interaction between these factors [F(3,42) = 9.99,
p < .01]. A similar comparison between Group Tone-V
and Group VI revealed significant effects of groups
[F(1,14) = 8.30, p < .05] and of days [F(3,42) =12.54,
p < .01], but no significant interaction [F(3,42) = 1.61].
The two tone-preexposed groups did not differ from one
another. A comparison of their scores over Days 1-4 re-
vealed only a significant effect of days [F(3,42) = 51.95,
p < .01; other Fs < 1]. These results lend no support,
therefore, to the suggestion that the latent inhibition ef-
fect depends upon the subjects’ having been preexposed
to a stimulus of the same duration as the CS.

An analysis of variance conducted on the postasymp-
totic scores for all four groups (i.e., over the last 8 days
of conditioning) showed there to be a significant differ-
ence among the groups [F(3,27) = 3.80, p < .05] and
a significant change over days [F(7,189) = 8.18,
p < .01], but no significant interaction between these fac-
tors (F < 1). A separate comparison of the scores for
Group VI and Group Light-C confirmed that there was
no reliable difference between the groups (F < 1) and
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no significant interaction between groups and days
(F < 1). There was, however, a significant change over
days [F(7,91) = 6.65, p < .05], reflecting the post-
asymptotic loss of suppression evident in these subjects.
A similar analysis comparing the scores for the two tone-
preexposed groups showed no significant difference be-
tween them (F < 1) and no significant interaction be-
tween groups and days (F < 1). The slight loss of sup-
pression shown by these groups proved to be statistically
reliable [F(7,98) = 2.12, p < .0S5]. Although the tone-
preexposed groups and the control groups both showed
some postasymptotic loss of suppression, the extent of the
effect was clearly greater in the control groups (Figure 1).
This surprising result (given the expectation that a vari-
able that reduces the amount of suppression shown dur-
ing acquisition might also lead to less profound post-
asymptotic suppression) merits further investigation. An
analysis of variance comparing the pooled results of the
tone-preexposed groups with the pooled results of the con-
trol groups over the last 8 days of training confirmed the
existence of a significant difference between preexposed
and control subjects [F(1,29) = 29.42, p < .01]. There
was a significant change over days [F(7,203) = 2.84,
p < .01] and no significant interaction (F < 1).
Within-CS effects: Preasymptotic performance. In
order to investigate changes in suppression within a CS
presentation, suppression ratios were calculated for each
of the four 30-sec intervals (subtrials) of each 2-min CS
presentation in Phase 2. The prestimulus score was de-
rived from the response rate shown in the 2-min period
before each trial. The group mean suppression scores for
the subtrials of Trials 2-4 are shown in Figure 2; the
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scores for Trials 5-7 are shown in Figure 3. Trial 1 was
omitted because little suppression occurred on this trial
(see Figure 1).

Figures 2 and 3 show that even in these very early con-
ditioning trials, the acquisition of suppression was asso-
ciated with inhibition of delay, that is, with greater sup-
pression at the end of the CS than at the beginning. A
clear effect was present by Trial 3 in Groups VI and
Light-C. The tone-preexposed groups acquired overall
suppression more slowly, but the effect was evident in
these groups by Trial 5. An analysis of variance conducted
on the scores for Trials 2-7 including subtrials as a fac-
tor revealed a significant difference among the groups
[F(3,27) = 8.44, p < .01}, significant effects of trial
[F(6,162) = 77.49, p < .01] and subtrial [F(3,81) =
59.69, p < .01], and significant interactions of these fac-
tors (all ps < .01).

There is no support, therefore, for the suggestion that
the latent inhibition effect seen in the preexposed subjects
reflects the rapid development of inhibition of delay. If
anything, preexposure tended to retard the development
of inhibition of delay. Such a retardation is to be expected
solely on the grounds that the control groups acquired
overall suppression rapidly and that when suppression first
appears it does so toward the end of the CS. In order to
detect any effect over and above this, it is necessary to
select trials on which the groups to be compared showed
equivalent overall levels of suppression. The only suit-
able trials during the preasymptotic phase were Trial 3,
on which Groups Tone-C and Tone-V showed overall sup-
pression ratios of .23 and .20, and Trial 5, on which
Groups VI and Light-C showed overall suppression ratios
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Figure 2. Experiment 1: Group mean suppression ratios for the four 30-sec subtrials of Trials
2-4 in Phase 2. See Figure 1 caption for group descriptions.



of .18 and .23. An analysis of variance on the scores for
these trials including subtrials as a factor revealed no over-
all difference among the groups (F < 1). There was,
however, a significant difference among the subtrials
[F(3,81) = 33.05, p < .01}, and a significant interaction
between groups and subtrial [F(9,81) = 3.17,p < .01].

A further analysis comparing just the two preexposed
groups confirmed the existence of a significant effect of
subtrial [F(3,42) = 9.15, p < .01] and revealed no sig-
nificant difference between the groups (F < 1) and no
significant interaction [F(3,42) = 1.93]. An equivalent
comparison for the two control groups yielded a similar
pattern of results—a significant effect of subtrial [F(3,39)
= 22.95, p < .01], but no other significant effects
(Fs < 1). A comparison of the pooled results of the pre-
exposed groups with those of the control groups showed
a significant difference in the extent to which they showed
inhibition of delay. There was no significant main effect
of group (F < 1), but there was a significant effect of
subtrial [F(3,87) = 32.39, p < .01] and a significant in-
teraction between these factors [F(3,87) = 7.32,
p < .01].

Within-CS effects: Postasymptotic performance. The
postasymptotic loss of suppression evident in Figure 1 oc-
curred because of the development of inhibition of de-
lay; that is, when responding during the CS began to re-
appear after asymptote, it did so especially during the first
part of the CS. This effect was more marked in the con-
trol groups than in the groups preexposed to the tone,
which showed within-CS variations in suppression only
toward the very end of training.
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Figure 4 shows suppression scores for subtrials over
the last three trials of conditioning, when the postasymp-
totic loss of suppression was maximal. The control groups
showed clear inhibition of delay on all three trials; the pre-
exposed groups showed no marked effect until Trial 24.

Statistical analyses were conducted on the subtrial
scores pooled over Trials 22-24. An analysis of variance
with groups and subtrials as the factors showed a signifi-
cant difference among the groups [F(3,27) = 3.06,
p < .05], a significant effect of subtrial [F(3,81) =
35.51, p < .01}, and a significant interaction between
the factors [F(9,81) = 2.90, p < .01]. A separate anal-
ysis comparing the two preexposed groups revealed a sig-
nificant difference among subtrials [F(3,42) = 6.65,
p < .01], but no other significant effects (Fs < 1). A
similar comparison of the two control groups confirmed
that they did not differ (¥ < 1), although in these sub-
jects too there was a significant effect of subtrial {F(3,39)
= 35.27, p < .01]. The interaction was not significant
[F(3,39) = 2.14]. An analysis comparing the pooled
results of the two control groups with those of the two
preexposed groups yielded a significant interaction be-
tween group and subtrial [F(3,87) = 6.00, p < .01], con-
firming that the control and preexposed groups differed
in the extent to which they showed inhibition of delay.
There were also significant main effects of group [F(1,29)
= 9.35, p < .01] and of subtrial [F(3,87) = 35.13,
p < .01].

Summary. Experiment 1 demonstrated that nonrein-
forced CS preexposures yield a negative transfer effect
on the development of inhibition of delay during acquisi-
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caption for group descriptions.
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Figure 4. Experiment 1: Group mean suppression ratios for the four 30-sec subtrials of Trials 22-24
in Phase 2. See Figure 1 caption for group descriptions.

tion of conditioned responding, and also during post- -

asymptotic responding. This negative transfer occurred
even when the general attenuation of conditioning that
occurs with CS preexposure was separated from the
inhibition-of-delay effect by comparing groups for the lat-
ter using trials in which overall suppression was similar.
These results invalidate the suggestion that CS preexpo-
sures enable subjects to learn about CS duration, and
thereby serve to facilitate the temporal discrimination be-
tween the initial and terminal portions of the CS, produc-
ing enhanced inhibition of delay. It is necessary to ex-
plain, therefore, why CS preexposure should actually
attenuate inhibition of delay; this explanation will be given
in the General Discussion.

EXPERIMENT 2

Although the results of Experiment 1 allow us to re-
ject the suggestion that latent inhibition is a consequence
of the rapid development of inhibition of delay in preex-
posed subjects, this notion remains viable as an account
of the results of a related preexposure effect reported by
Hall and Pearce (1979). In their experiments, Hall and
Pearce demonstrated that exposure to a stimulus paired
with weak shock produced retarded acquisition of condi-
tioned suppression when the same stimulus was subse-
quently paired with a stronger shock. Pairings of the CS
with weak shock in the first phase of training initially
produced some suppression of responding, which was
gradually lost as training proceeded (see also Ayres,
Moore, & Vigorito, 1984; Kasprow, Schachtman, &
Miller, 1985). Given the pattern of responding within the

conditioning trials in Experiment 1, and the findings of
Zielinski (1966), we may conclude that the reinforced
preexposure procedure used by Hall and Pearce resulted
in the development of considerable inhibition of delay.
Subjects given such preexposure might well show trans-
fer of a tendency to develop inhibition of delay, even
though subjects given orthodox nonreinforced preexposure
do not. Such an effect might be expected on the basis of
prior experiments in which an operant analogue of this
type of transfer effect was used. The temporal discrimi-
nation allegedly required for response scalloping on a
fixed-interval (FI) schedule is similar to that required for
inhibition of delay (Mackintosh, 1974, p. 171). Trapold,
Carlson, and Myers (1965) and Zamble (1969) obtained
positive transfer from an initial phase (in which response-
independent food was delivered on a fixed-time [FT]
schedule) to the development of response scalloping on
an FI schedule in a second phase with the same time base
as the FT pretraining. The possibility of positive transfer
in classical conditioning challenges Hall and Pearce’s as-
sumption that the retarded acquisition produced by their
preexposure procedure should be regarded simply as a
special case of latent inhibition.

In order to investigate this possibility, the present ex-
periments included the training conditions used by Hall
and Pearce (1979) to demonstrate an attenuation of con-
ditioning due to prior pairings of the target CS with weak
footshock. One group of subjects received 60-sec presen-
tations of a click train paired with weak shock prior to
target conditioning. A second group received nonrein-
forced click exposures in this phase, and a third group
received no CS or US exposures prior to target condi-



tioning. All subjects were then given pairings of the click
with stronger footshock. Responding was recorded dur-
ing the three 20-sec components of the CS in order to ex-
amine changes in suppression during the CS. It was an-
ticipated that the detailed pattern of suppression shown
by the groups preexposed to the click alone would match
that of the tone-preexposed groups of Experiment 1. But
would the group given reinforced preexposure differ and
show instead a pattern indicative of enhanced develop-
ment of inhibition of delay?

Method

Subjects. The subjects were 24 naive male adult hooded (Lister)
rats that were approximately 4 months old. The apparatus was iden-
tical to that of Experiment 1 and the subjects were maintained in
the same manner as described for that experiment.

Procedure. All subjects were initially trained to barpress for food
pellets on Days 1-10 as in Experiment 1, except that baseline bar-
pressing sessions of the VI schedule were 50 min in duration. Fol-
lowing barpress training, subjects were assigned to groups (n=8)
approximately matched in terms of their barpressing rates on the
final day of the VI 60-sec baseline phase.

Phase 1 occurred on Days 11-16 of the study and treatments were
superimposed on the operant baseline. In each of these 50-min ses-
sions, subjects in Group Click+ were given six 60-sec presenta-
tions of the click train, the offset of which was concurrent with
the onset of a .1-mA 500-msec footshock. Trials were spaced 6 min
apart. Group Click— was treated in the same way except that foot-
shocks were omitted. Group VI simply continued to barpress on
the VI 60-sec baseline in the absence of discrete stimulus presenta-
tions during this phase.

Phase 2 occurred on Days 17-19. During each of these 50-min
sessions, all subjects received three presentations of the 60-sec click
train, with CS offset concurrent with the presentation of .3-mA
500-msec footshock. Responding was recorded for the 60-sec pre-
stimulus and CS periods in Phases 1 and 2. Additionally, respond-
ing during the three successive 20-sec epochs that made up the 60-
sec click train presentations were separately recorded during Phases
1 and 2.

Results and Discussion

Phase 1. Daily suppression scores were computed for
Groups Click— and Click+, using the total responses
emitted by each subject during all CS presentations and
all prestimulus periods on each day. The mean score for
Group Click— deviated little from .50 across the 6 days
of Phase 1. The performance shown by Group Click+
suggested that a small amount of suppression was initially
acquired, butd1s31pated with further Phase 1 training. The
daily scores for the six Phase 1 sessions for this group
were .41, .47, .42, .50, .51, and .53. Subtrial suppres-
sion scores were calculated for each trial on those days
on which Group Click+ had a mean suppression score
below .50. For this purpose the trial was divided into 20-
sec epochs and the prestimulus score used was one third
of the total responses recorded in the 60-sec period preced-
ing presentation of the CS. There was no sign of inhibi-
tion of delay. Indeed, on all days, the mean suppression
score was somewhat greater for the initial 20-sec epoch
(pooled over all six daily trials) than for the final 20-sec
epoch. The differences were small, however, and were
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inconsistent from one subject to another and from one day
to another. Presumably reliable within-CS differences in
suppression become evident only when suppression is
more profound than that seen here.

The three groups were matched for baseline response
rate at the beginning of Phase 1 training. The treatments
administered in Phase 1 did not influence the groups’
baseline rates differentially. Thus, on the last day of this
phase, Group Click— had a mean response rate of 14.67
responses per minute; Group Click+, 14.40 responses per
minute; and Group VI, 14.12 responses per minute. These
scores did not differ significantly (F < 1).

Phase 2. Baseline rates of responding were maintained
during Phase 2. Over all 3 days of this phase, the rates
were 15.98, 17.51, and 14.13 responses per minute for
Groups Click—, Click+, and VI, respectively. These
scores did not differ significantly (F < 1).

Group mean suppression ratios for each trial of Phase 2
are presented in Figure 5. An analysis of variance con-
ducted on these scores revealed a significant difference
among the groups [F(2,21) = 10.58, p < .01}, a signifi-
cant change over trials [F(8,168) = 32.79, p < .01], and
a significant interaction between these factors [F(16,168)
= 4.22,p < .01]. It is apparent from the figure that all
three groups acquired suppression, but that the groups
preexposed to the click did so less readily than Group VI.
An analysis comparing Group Click— with Group VI con-
firmed that a latent inhibition effect had occurred; the anal-
ysis yielded a statistically significant main effect of group
[F(1,141) = 89.23, p < .01] and of trial [F(8,112) =
25.73, p < .01], and a significant interaction between
these factors [F(8,112) = 8.03, p < .01]. A compari-
son of Group Click+ with Group VI revealed a signifi-
cant effect of group [F(1,14) = 6.48, p < .05] and of
trial [F(8,112) = 23.98, p < .05], and a significant in-
teraction between the two [F(8,112) = 2.47, p < .05].
This retarded acquisition by Group Click+ replicates
previous demonstrations of latent inhibition during re-
inforced preexposure (Ayres et al., 1984; Kasprow et al.,
1985; Hall & Pearce, 1979). Although retarded with re-
spect to Group VI, Group Click+ acquired suppression
more readily than did Group Click—. A comparison of
these two groups yielded a significant interaction between
trial and group [F(8,112) = 2.62, p < .05]. There was
also a main effect of trial [F(8,112) = 20.74, p < .01],
but no significant main effect of group (p > .10). This
difference between the effects of reinforced and nonrein-
forced preexposure replicates that reported by Hall and
Pearce (1979) and demonstrates that the weak shock of
Phase 1 was not without effect.

Subtrial scores were computed for every trial of Phase 2
and are presented in Figure 6. Trial 1 is omitted from the
figure because suppression was minimal on this trial. The
figure shows that when suppression occurred on a trial,
it was almost always more pronounced toward the end
of the CS. An additional analysis of variance, including
subtrial as a factor, was conducted on the Phase 2 per-
formance of the three groups. This analysis yielded a sig-
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Figure 5. Experiment 2: Group mean suppression ratios for Phase 2. Group Click— received preexposure to a clicker, Group Click+
received preexposure to the clicker preceding a weak shock, and Group VI received pretraining on a variable interval schedule only.

nificant main effect of subtrial [F(2,42) = 20.70,
p < .01}, although the interaction between group and
subtrial fell short of significance (p > .10), as did the
three-way interaction among the factors group, subtrial,
and trial [F(32,336) = 1.44, .10 > p > .05].

Although it falls short of the conventional level of sig-
nificance, the three-way interaction indicates a tendency
for differential suppression across subtrials to appear
earlier in training for some groups than for others. Such
an outcome is to be expected, given that the groups ac-
quired suppression at differing rates (see Figure 5) and
that suppression, when it does appear, appears predomi-
nantly in the last portion of the CS.

In order to examine the extent of inhibition of delay
in groups of subjects that acquired suppression at differ-
ent rates, we selected for further analysis trials on which
the overall suppression of the various groups was com-
parable. Since near-complete suppression occurred very
rapidly in Group VI, the only suitable trial for this group
was Trial 2 (group mean overall suppression score =
.14). The preexposed groups achieved this level of sup-
pression by Trial 6, on which the overall scores were . 14
for Group Click+ and .19 for Group Click—. An analy-
sis of variance of the subtrial scores for the three groups

on these trials revealed no significant main effect of group
(F < 1), but a significant effect of subtrial [F(2,42) =
6.52, p < .01] and a significant interaction between these
factors [F(4,42) = 3.68, p < .05]. Thus, the groups
differed in the extent to which they showed within-CS
variation in suppression.

A separate comparison of the two preexposed groups on
Trial 6 showed that they did not differ from one another
(F < 1) and revealed no sign of inhibition of delay. There
was no significant effect of subtrial (F < 1) and no sig-
nificant interaction between the factors [F(2,28) = 1.98].
Group Click—, however, differed from Group VI in its
pattern of within-CS suppression. A comparison of these
two groups revealed no significant main effect of group
[F(1,14) = 2.40], but a significant effect of subtrial
[F(2,28) = 5.75, p < .01] and a significant group X sub-
trial interaction [F(2,28) = 5.55, p < .01]. An equiva-
lent comparison between Groups VI and Click+ revealed
much the same pattern of results, except that in this case
the group X subtrial interaction fell short of significance
[F(2,28) = 2.83, .10 > p > .05]. There was no signifi-
cant effect of group (F < 1), but there was a significant
main effect of subtrial [F(2,28) = 7.95,p < .01]. These
findings match those of Experiment 1, with the pre-
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Figure 6. Experiment 2: Group mean suppression ratios for the three 20-sec subtrials of Trials
2-9 in Phase 2. See Figure 5 caption for group descriptions.

exposed subjects showing less of a tendency toward inhi-
bition of delay even when their overall level of suppres-
sion had achieved that shown by the control subjects.
In general, the detailed pattern of suppression is much
the same for the two preexposed groups and gives no sup-
port to the suggestion that reinforced preexposure retards

subsequent conditioning by a mechanism different from
that underlying the effects of nonreinforced CS preex-
posure. And in neither case is there evidence that the posi-
tive transfer of temporal information acquired during
preexposure causes the rapid development of inhibition
of delay during Phase 2 conditioning trials.
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GENERAL DISCUSSION

Animals that have not received preexposure to the to-
be-conditioned stimulus show inhibition of delay (i.e.,
show a smaller CR at the beginning of the CS than at the
end) both during the course of acquisition and as the CR
begins to wane with prolonged postasymptotic training.
The latter finding confirms the results of Zielinski (1966);
the former is similar to the results of a number of studies
of conditioning of the rabbit’s nictitating membrane re-
sponse (e.g., Coleman & Gormezano, 1971; Schneider-
man & Gormezano, 1964; Smith, 1968; Smith, Coleman,
& Gormezano, 1969). These studies demonstrated a ten-
dency for the latency of the CR to decrease systemati-
cally during the course of acquisition, the onset of the CR
being close to the reinforcer on early trials.

One interpretation of postasymptotic inhibition of de-
lay supposes that the subject comes, with extended train-
ing, to discriminate the beginning of the CS from the end,
and that those cues that define the beginning come to ac-
quire inhibitory properties. It is difficult to imagine such
a mechanism’s operating during the early trials of acqui-
sition, and the effect seen there is more readily interpreted
in terms of the explanation offered for the results of the
nictitating membrane experiments. These have been
viewed (Gormezano, 1972) as supporting Hull’s (1943,
1952) notion that conditioning occurs to the CS trace
present at the time of US onset. Conditioned responding
then generalizes to other CS trace strengths, causing
progressively decreasing latencies of CR onset over trials
until CRs may eventually occur throughout the CS.

The hypothesis guiding the experiments reported here
was that preexposure to the CS, by allowing the subject
to acquire information about its duration, might facilitate
the development of ‘‘true’’ inhibition of delay during ini-
tial acquisition. It was found, however, that preexposure
retarded the development of inhibition of delay, both dur-
ing the postasymptotic phase and during acquisition. Dur-
ing the postasymptotic phase of Experiment 1, preexposed
subjects tended to remain suppressed throughout the whole
CS when control subjects at the equivalent stage of train-
ing were beginning to show inhibition of delay. During
acquisition, preexposed subjects showed no suppression
(and hence no inhibition of delay) during early trials, and
even when suppression did begin to emerge, the tendency
toward an inhibition-of-delay effect was not pronounced.

These results allow the rejection of the suggestion that
the latent inhibition effect is a result of enhanced inhibi-
tion of delay. It becomes necessary, therefore, to try to
explain the present results in terms of our current under-
standing of the effects of stimulus preexposure. Current
theories (e.g., Lubow et al., 1981; Pearce & Hall, 1980;
Wagner, 1978) suppose that preexposure causes a stimu-
lus to lose associability. Since low associability will retard
the acquisition of inhibitory as well as excitatory associ-
ations (Reiss & Wagner, 1972; Rescorla, 1971), an ex-
planation for the effects of preexposure on postasymp-

totic inhibition of delay can be offered. The lowered
associability of the CS will reduce the rate at which in-
hibitory properties are acquired by the cues that define
the beginning of the CS. This explanation assumes, of
course, that postasymptotic inhibition of delay reflects true
conditioned inhibitory learning (see Rescorla, 1967).

If preasymptotic inhibition of delay reflects a failure
of the CR to generalize from the end of the CS to the be-
ginning, then a different account of the effect of stimulus
preexposure is required for the preasymptotic effect. Pre-
exposed subjects’ slow acquisition of a CR to the cues
defining the end of the CS follows from the assumption
that preexposure reduces associability. What requires ex-
planation is that the associative strength acquired by the
end of the CS should generalize relatively well to the be-
ginning of the CS in preexposed subjects, but relatively
poorly in control subjects. If, however, the CS is to be
interpreted as consisting of two discriminable halves (be-
ginning and end), then such an outcome might be antici-
pated by analogy with sensory preconditioning. Preexpo-
sure to the CS involves repeated presentation of its two
parts, and should allow the formation of an association
between them. During subsequent conditioning, associa-
tive strength may be acquired only by the later half of
the CS, and that rather slowly because of reduced associ-
ability of the stimulus. But the existence of the associ-
ative link between the cues defining the beginning and
the end of the CS should endow the beginning of the CS
with the ability to evoke the CR. This account may be
speculative, but the fundamental processes involved do
not differ in principle from those required to explain other
well-documented demonstrations of within-compound
learning (e.g., Rescorla, 1980; Rescorla & Durlach,
1981).
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