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One of the most contentious aspects of the Rescorla–
Wagner model (Rescorla & Wagner, 1972; Wagner & Res-
corla, 1972) has been its assertion that contexts and con-
ditioned stimuli (CSs) compete for association with the
unconditioned stimulus (US). This assertion has inspired
a large amount of empirical research assessing competi-
tive interactionsbetween contexts and nominal CSs (e.g.,
Balsam & Tomie, 1985) and has stimulated the develop-
ment of models that hold the antithesis—the assertion that
learning about contexts and CSs occurs independently
(e.g., Gibbon & Balsam, 1981; Jenkins, Barnes, & Bar-
rera, 1981; Miller & Schachtman, 1985).

One class of experiments assessing whether contexts
and nominal CSs compete for behavioral control exam-
ines whether contextual conditioning can be overshad-
owed by a well-conditioned CS. In a typical experiment,
USs are administered to two groups of subjects. In the
signaled group, each US is preceded by a CS; in the con-
trol group the USs are unsignaled.At issue is whether there
will be weaker contextual conditioning in the signaled
group than in the unsignaled group, as predicted by the
Rescorla–Wagner model.

Experiments in this class have produced mixed out-
comes. Baker, Mercier, Gabel, and Baker (1981, Experi-
ment 4) reported that fear conditioning to the experimen-
tal context was attenuated if the shock US was signaled
by a discrete CS. Groups of rats were rewarded for press-
ing a lever, and then in the absence of the lever they re-
ceived six sessions in which eight footshocks occurred
at variable intervals. For half the rats the footshocks were
unsignaled, and for the other rats each shock was imme-
diately preceded by a 60-sec visual CS. Then, during two
recovery sessions, the lever was again present and the rats
could again earn food by pressing it. Suppression of lev-
erpressing, relative to the last baseline training session,
was the measure of fear conditioned to the context. Baker
et al. reported that rats that had received unsignaled foot-
shocks showed greater suppression than rats that had re-
ceived signaled footshocks, which suggests that when the
CS was a good predictor of the US, the context did not be-
come strongly conditioned; that is, the CS overshadowed
the context.

In contrast, our laboratory has reported a series of ex-
periments in which a tone CS failed to overshadow con-
textual or temporal conditioningin conditioneddefensive
freezing in the rat (e.g., Williams, Frame, & LoLordo,
1992). In Experiment 1 of Williams et al., four groups of
rats experienced a single shock in each of five condition-
ing sessions. Shock was either signaled by a 30-sec tone
CS or was unsignaled, and shock onset occurred either
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In two experiments, we examined the conditions under which signaling an unconditioned stimulus
(US) with a nominal conditioned stimulus (CS) interferes with the conditioning of situational cues in
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temporal location showed greatest freezing at around that same time. For groups that had received
footshocks at various times, freezing declined across the test session. Experiment 2 showed over-
shadowing of pretrial freezing after more extensive conditioning with many trials per session, but only
if the intershock intervals were variable rather than fixed.
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120 or 1,200 sec after the rat was placed in the apparatus.
Conditioning was followed by two types of tests: First,
defensive freezing to the CS and to temporal cues was
examined in another context that had never been rein-
forced with shock. This test lasted 2 days, with the CS
presented either 120 or 1,200 sec after placement. In this
test, rats froze in the stimulus-free intervals that matched
the postplacement time at which shock had occurred in
the prior conditioning stage. There was little freezing at
other session times. Importantly, we found no evidence
that signaling the US affected pretrial freezing. In a sub-
sequent test, the rats were returned to the original condi-
tioning context, and freezing was assessed for 1-min ob-
servation periods (60–120 and 1,140–1,200 sec after the
rat was placed in the chamber). As in the first test, high
levels of freezing were observed when the test interval
matched the US time in conditioning, but we also ob-
served freezing early in the session in the group that had
been conditionedat 1,200. For Group 1,200, the freezing
observed at the 120-sec test interval can only be attrib-
uted to the formation of a context–US association; this
group had never experienced shock at the 120-sec time.
Critically, the results of this second test in the original
conditioning context also revealed no evidence of over-
shadowing. Rats that had been given signaled shocks
during conditioning did not freeze less in any of these
observation periods than those given unsignaled shocks.
Using 15 sessions of conditioning, Experiment 2 repli-
cated the null effects of the signaling manipulation in
Experiment 1.

Although there are many procedural differences be-
tween the experiments of Baker et al. (1981) and Williams
et al. (1992), including the use of multiple USs versus a
single US per session and different measures of fear, per-
haps the most likely cause of the discrepant findings is
the use of a fixed time between the rat’s placement into
the chamber and presentationof the US by Williams et al.,
versus a variable time to the first US presentation and a
variable intertrial interval (ITI) between successive US
presentations, in the experiment of Baker et al. Consis-
tent with this possibility, Balsam and Gibbon (1988)
found no overshadowing of context by an auditory CS in
pigeon autoshaping with a fixed time between food USs.
On the other hand, Odling-Smee (1975a, 1975b) and
Marlin (1981) found that a CS overshadowed context in
fear conditioning with a variable ITI.

The aim of the present experiments was to determine
whether, in a procedure otherwise like that of Williams
et al. (1992), a more unpredictable US presentation time
would allow the CS to overshadow the context. The con-
ditioningparameters of Experiment 1 were similar to those
used by Williams et al. (1992). A single footshock US
was delivered at a fixed or variable time after the rat was
placed in the context, and the US was either signaled or
unsignaled. In a second experiment,we used conditioning
parameters that more closely approximated those of Baker
et al. (1981). A larger number of USs, separated by either
fixed or variable ITIs, were scheduled in each of nine

conditioningsessions, and the context was then tested for
its ability to control behavior in the signaled and unsig-
naled groups.

EXPERIMENT 1

In Experiment 1, we asked whether signaling a foot-
shock US with a tone CS would interfere with contextu-
ally evoked freezing if placement in the context provided
little information about when the shock would occur.
Half of the rats of each of the signaled and unsignaled
groups received the US at a fixed time after placement in
the chamber, and the other half received the US at a vari-
able time after placement in the chamber.

Method
Subjects. The subjects were 48 experimentally naive male Sprague-

Dawley rats obtained from Charles River, Canada. The rats ranged
between 350 and 400 g in weight. They were maintained on an ad-
lib food and water schedule and were housed in individual wire-mesh
cages in a colony room on a 16:8-h light:dark cycle. Experimental
sessions occurred during the light portion of the cycle.

Apparatus. The apparatus was the same as that used by Wil-
liams et al. (1992). Two distinctively different contexts were used.
Context 1 (conditioning apparatus) was a white rectangular box
(58 cm long 3 19 cm wide 3 18 cm tall). The floor consisted of 2.5-
mm diameter stainless steel bars spaced 1.5 cm apart. These bars al-
lowed the presentation of a 1.0-sec, 1.0-mA shock, delivered by a
Grason-Stadler shock generator and scrambler (Model E1064GS).
The box sat on the floor of the experimental room and was brightly
illuminated by a 40-W, 120-volt (AC) lamp.

Context 2 (test apparatus) was located in an opened sound-
attenuating box that was dimly illuminated by a 25-W, 120-V (AC)
directed red light source located 1 m from the cube. The red light
provided ample illumination for video recording, but was nearly in-
visible to the rats. Context 2 was a standard operant chamber, mea-
suring 23 cm long 3 20 cm wide 3 20 cm tall, with clear acrylic
sides and ceiling. The stimulus panel, rear wall, and floor tray were
aluminum. The floor consisted of 4-mm stainless steel bars spaced
1.9 cm apart.

The same room housed both of the apparatuses. A speaker that
could provide a 1500-Hz, 82-dB (C-scale) tone hung from the ceil-
ing of the room. The animal’s behavior was monitored remotely by
a Panasonic WV-1550 low-light video camera that was positioned
1 m away from each apparatus. All sessions were videotaped. An
Apple IIe computer located in an adjacent room controlled experi-
mental events.

Behavior. The primary data were the percentages of sampled be-
havior that contained a freezing response in the pretrial and trial pe-
riods. A time sampling technique was used to measure freezing.
Once every 5 sec during the recording periods, when the pacing sig-
nal occurred on the video playback, the rat was scored as either
freezing or not. Freezing was defined as the absence, over the next
0.25 sec, of any visible movement of the body and vibrissae except
that required in order for respiration to occur. Videotapes were later
rescored by an independent observer as a check on the primary ob-
server’s reliability. The 2nd observer was not informed about group
membership. Interobserver reliability was calculated at 92.8% by
dividing the total number of agreements by the total number of sam-
ples (N 5 540). The primary observer’s data were used for subse-
quent analysis; they were transformed into a percentage and ana-
lyzed with a repeated measures analysis of variance (ANOVA) using
a p < .05 rejection criterion. Included as between-subjects factors
were signaling (CS vs. no CS groups) and schedule (fixed vs. variable).
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Depending on the particular analysis, the within-subjects factors were
session and interval (the time of the observation after placement).

Procedure. The rats were first placed once into each of the two
contexts for 5 min to allow them to become familiar with them. The
order of context exposure was counterbalanced across the two days
of this phase.

The two variables manipulated in the subsequent conditioning
stage were (1) signaled versus unsignaled shock and (2) a fixed ver-
sus variable time to US presentation. There were four groups (n 5
12): Group VCS (a variable time US preceded by a CS), Group FCS
(a fixed time US preceded by a CS), Group VnoCS (a variable time
US not preceded by a CS), and Group FnoCS (a fixed time US not
preceded by a CS). Conditioning lasted six sessions (Days 3–8). For
the fixed groups, a single US was always presented 600 sec after
placement into the conditioning context, with the US either imme-
diately preceded by a 30-sec tone CS (FCS group) or not (FnoCS
group). For the variable groups—the VCS and VnoCS groups—the
US was also presented once per session, but 60, 120, 400, 800, 1,020,
or 1,200 sec after placement in the context. Each of the six placement–
shock intervals was experienced by each rat over the course of the
six conditioning sessions, which resulted in a mean presentation
time of 600 sec across sessions. The order in which the intervals
were presented was counterbalanced using a Latin square procedure;
2 rats in each of the VnoCS and VCS groups received one of the six
sequences of intervals specified by the Latin square. All rats were
removed from the chamber 90 sec after the occurrence of shock.
Thus, session length was fixed for Groups FCS and FnoCS, but it
varied for Groups VCS and VnoCS.

In the CS groups, freezing was recorded during the 30-sec trial
period, as well as in the 30-sec period prior to CS onset (pretrial).
Freezing was recorded during the corresponding intervals in the no-
CS groups.

In order to examine control of freezing by temporal cues and the
auditory CS in the absence of ceiling effects resulting from strong
contextual control, rats were placed in the previously unreinforced
test context and freezing was observed during a 30-sec pretrial pe-
riod and a subsequent 30-sec CS (the trial period). The CS began
90, 570, or 1,170 sec after the start of the session in three separate
tests, one on each of Days 9–11. The order of testing of the three in-
tervals was counterbalanced; 2 rats in each group were tested with
each of the six possible orders of the three test intervals. The rats
were removed 90 sec after the offset of the CS. We assumed that
handling and placement in the conditioning context resulted in in-
ternal stimuli that varied over time and to which conditioning could
occur. When we discuss temporal cues, we are referring to such stim-
uli. Handling and placement in the other context should have many
stimuli in common with handling and placement in the condition-
ing context, and so there should be considerable generalization be-
tween the temporal stimuli in the two contexts.

On Day 12, in order to assess control of freezing by contextual
cues, the rats were returned to the original conditioning context, and
freezing was measured during the 60–120, 540–600, and 1,140–
1,200 sec intervals. No CSs or USs were presented.

Results and Discussion
Conditioning. All groups came to anticipate the de-

livery of shock. The main finding was that, if anything,
acquisition of pretrial freezing was more rapid, and not
less, in the FCS and VCS groups than in the FnoCS and
VnoCS groups (see top panel of Figure 1). A 2 3 2 3 6
repeated measures ANOVA on the pretrial data revealed
a main effect of signaling[F(1,44) 5 4.31], which was the
result of more freezing overall in the CS groups than in
the no-CS groups, and a main effect of session [F(5,220) 5
55.20], which was caused by the acquisition of defensive

freezing. There were no other main effects or interactions.
The fact that higher rather than lower levels of pretrial
freezing were evident in the CS groups relative to their
no-CS counterparts indicates that pretrial freezing was
not overshadowed by the CS. Additionally, we found no
evidence, using the one trial per session procedure, that
fixed and variable placement–shock intervals supported
different levels of freezing.

The bottom panel of Figure 1 shows the data from the
trial period. Because no CS occurred during this period
for the FnoCS and VnoCS groups, the freezing occur-
ring during this time can be regarded as a control level for
assessing the extent to which the tone augmented freez-
ing in the FCS and VCS groups. As shown in Figure 1,
conditioned freezing to the tone emerged quickly in the
FCS and VCS groups, as indicated by a sharp increase in
freezing between Sessions 1 and 2. This reflects freezing
conditioned to the tone above any freezing conditioned
to temporal and contextual cues. A 2 3 2 3 6 repeated
measures ANOVA confirmed this interpretation by re-
vealing main effects of signaling [F(1,44) 5 5.09] and
session [F(5,220) 5 31.75] and a signaling 3 session
interaction [F(5,220) 5 6.21]. Further examination of
the signaling 3 session interaction revealed more freez-
ing in the FCS and VCS groups than in the FnoCS and
VnoCS groups on Sessions 2 [F(1,44) 5 21.73] and 3
[F(1,44) 5 8.31]. Freezing to the tone reached asymp-
totic levels on Session 3 in the FCS and VCS groups, and
these groups did not differ from their respective no-CS
groups thereafter, since baseline levels of freezing in-
creased in the no-CS groups.

CS test. The data of the CS test shown in Figure 2 are
organized in order to aid comparisons between the CS and
no-CS groups. The top panel shows freezing in the fixed
time groups, and the bottom panel shows freezing in the
variable time groups as a function of the time of CS onset
in test (90, 570, or 1,170 sec) and period (pretrial and
trial). The data most critical for the experimental hypoth-
esis are the comparisons between the CS groups and their
no-CS counterparts in the pretrial periods.

A 2 3 2 3 3 repeated measures ANOVA on the pre-
trial data of the CS test revealed a different pattern of freez-
ing across intervals (90-, 570-, and 1,170-sec) as a func-
tion of schedule (fixed vs. variable), which produced an
interaction of schedule and interval [F(2,44) 5 13.88].
However, we did not find any main effects or interactions
involving the signaling variable, nor were there any other
main effects or interactions.These null results for the sig-
naling variable are consistent with the data of the acqui-
sition stage, which also revealed no evidenceof lower pre-
trial freezing in the CS groups than in the no-CS groups.

Further analysis of the schedule 3 interval interaction
revealed that freezing was maximal at the training time
in the fixed time schedule, indicating that temporal con-
ditioning occurred and transferred across contexts. The
level of freezing in the pretrial period was highest at 540–
570 sec after placement, lowest at 60–90 sec, and inter-
mediate at 1,140–1,170 sec. This produced an increas-
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ing linear trend [F(1,44) 5 7.50] and a quadratic trend
[F(1,44) 5 11.09] across observation intervals for the
combined FCS and FnoCS groups. Thus, the rats in the
FCS and FnoCS groups were not especially afraid of the
context in which the CS test occurred; they were most
afraid at the time, relative to placement in the context, at
which they had previously experienced shock. Williams
et al. (1992) observed analogous effects in groups of rats
given other f ixed placement–footshock intervals. For

groups in the present experiment that had experienced
USs at variable postplacement times, the VCS and VnoCS
groups, pretrial freezing declined in a linear fashion over
the test session [F(1,44) 5 10.70].

A brief comment should be made about the data of the
trial period, which are also shown in Figure 2. As ex-
pected, a 2 3 2 3 3 repeated measures ANOVA revealed
that higher levels of freezing were evoked by the tone in
the signaled groups—Groups FCS and VCS—than in the
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Figure 1. Mean percentages of samples scored as freezing in the pretrial
and trial periods during the six conditioning sessions of Experiment 1. Rats
were presented with the unconditioned stimulus (US) at a fixed time after
placement into the context in Groups FCS and FnoCS or at a variable time
after placement in Groups VCS and VnoCS. In the conditioned stimulus
(CS) groups (FCS and VCS), the US was signaled by a 30-sec tone, whereas
in Groups FnoCS and VnoCS, no CS occurred. Freezing during the pretrial
period reflects the combined control of the context and time cues. In the CS
groups, freezing in the trial period reflects the combined effects of context,
time, and tone CS. In the no-CS groups, the CS was not presented, and so
performance during the trial period is a resampling of control by context
and time. FCS, fixed, signaled; FnoCS, fixed, unsignaled; VCS, variable,
signaled; VnoCS, variable, unsignaled.
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unsignaledgroups,Groups FnoCS and VnoCS [F(1,44) 5
41.92]. There were no other main effects or interactions.
The tone had previously been reinforced in the CS groups
and was novel in the no-CS groups. Taken together, these
data and those of the conditioning stage indicate that the
null effects observed in the pretrial period cannot be ex-
plained away by suggesting the tone CS had not become
strongly excitatory, and therefore, had little opportunity
to interfere with temporal conditioning.

Context test. When the rats were returned to the orig-
inal context of conditioning for a test in the absence of
the CS and US (Figure 3), similar levels of freezing were
observed in the FCS and FnoCS groups, and in the VCS
and VnoCS groups, in all three test intervals (60–120,
540–600, and 1,140–1,200 sec). A 2 3 2 3 3 ANOVA
revealed only a main effect of interval [F(2,88) 5 13.89]
and an interaction of schedule and interval [F(2,88) 5
3.96]. Thus, these data confirm the findingsof prior stages
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Figure 2. Mean percentage of samples in which freezing was observed dur-
ing the conditioned stimulus (CS) tests in the unreinforced context for rats in
the fixed time (FCS, FnoCS) and variable time (VCS, VnoCS) groups of Ex-
periment 1. Each rat received the CS during the trial period, 90–120 sec after
placement in the chamber in one session, 570–600 sec after placement in a sec-
ond session, and 1,170–1,200 sec after placement in a third. The data are shown
separately for the three testing times as a function of the 30-sec periods (pre-
trial and trial periods). FCS, fixed, signaled; FnoCS, fixed, unsignaled; VCS,
variable, signaled; VnoCS, variable, unsignaled.
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that signaling the shock with the tone failed to attenuate
conditioning to contextual cues in the VCS group and to
temporal and contextual cues in the FCS group.

Again, in the context test, we found a different pattern
of freezing in the fixed and variable time groups as a
function of observation interval, which produced the
interaction of schedule and interval. There was a mar-
ginally significant linear decline in freezing as the session
progressed in the FCS and FnoCS groups [F(1,44) 5
3.73, p < .06], and the data were quadratic in form
[F(1,44) 5 4.07]. In the fixed time groups, some freez-
ing at the early test time would be expected because fear
conditionedto context would be present, but there should
be no conditioned fear to the early temporal cues because
shock had never been presented at the early time. At the
540-600 sec interval, there should be considerable con-
ditioned fear to time cues, and perhaps a decrease in fear
as a result of the contextual cues having undergone some
extinction. The quadratic trend is compatible with both
of these assumptions.By contrast, in the VCS and VnoCS
groups there was only a sharp linear decline in freezing
during the context test [F(1,44) 5 26.91]. In the VCS and
VnoCS groups, contextual conditioningmay simply have
extinguished over the unreinforced test session.

EXPERIMENT 2

Maes and LoLordo (1996) found no evidence of over-
shadowing of contextual freezing after a single session
in which 10 footshocks, each preceded by a 10-sec CS,
were presented at variable ITIs. Similarly, an unpublished

experiment by the present authors revealed no overshad-
owing of contextualfreezing by a 30-sec auditoryCS when
eight trials were given at variable ITIs in one session.
Odling-Smee (1978b) reported that with variable ITIs,
overshadowing may be hard to detect at moderate shock
intensities without a large number of conditioning ses-
sions. For this reason, Experiment 2 included nine con-
ditioning sessions with eight trials per session. The exper-
iment was a 2 3 2 factorial design that included signaled
or unsignaled shocks and f ixed or variable ITIs. The
VnoCS and VCS groups experienced variable intervals
from placement to the first US, between successive USs,
and from the last US to removal.All intervals in the FnoCS
and FCS groups were a constant 309 sec.

Method
Subjects and Apparatus. The subjects were 32 experimentally

naive male Sprague-Dawley rats (8 per group) obtained from
Charles River, Canada. The same two distinctive contexts used in
Experiment 1 served as the conditioning and test contexts. The CS
and US were identical to those of Experiment 1.

Procedure. On Day 1, the rats were familiarized with the condi-
tioning context. On Day 2, subjects were exposed to Context 2,
which was not used again until the last day of the experiment for the
CS test. No events were programmed during these 5-min sessions.

Pavlovian conditioning occurred on Days 3–11. Eight footshocks
were presented in each session. In the VCS and VnoCS groups,
there were variable intervals between placement in the chamber and
the first shock, between successive shocks, and between the last
shock and removal from the chamber. These intervals were randomly
drawn without replacement from the following list: 34, 76, 112,
153, 204, 267, 352, 483, and 829 sec. Each rat was exposed to a dif-
ferent random sequence in each session. Rats in the FCS and FnoCS
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Figure 3. Freezing during the context test for rats in the fixed time and vari-
able time groups of Experiment 1. Freezing was assessed during the 60-sec in-
tervals beginning 60, 540, and 1,140 sec after placement in the chamber. The
test occurred in the original conditioning context on the day after the last con-
ditioned stimulus (CS) test. FCS, fixed, signaled; FnoCS, fixed, unsignaled;
VCS, variable, signaled; VnoCS, variable, unsignaled.
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groups received a fixed ITI that was the arithmetic mean of the in-
tervals used in the variable ITI groups (i.e., 309 sec). The time be-
tween placement and the first shock and the time between the last
shock and removal were also 309 sec. Again, shocks were signaled
in the VCS and FCS groups, but not in the VnoCS and FnoCS
groups. Freezing was not assessed during conditioning, unlike in
Experiment 1, because of the high density of shock USs.

On Days 12–14, we assessed the level of context conditioning.
Freezing was recorded in Context 1 during five 1-min postplace-
ment time intervals (60–120, 540–600, 1,140–1,200, 1,740–1,800,
and 2,340–2,400 sec). Rats were removed from the chambers 60 sec
after the last observation period. Thus each daily session was 41 min
long. No CSs or USs were presented during these sessions. This as-
sessment of context conditioning occurred 1, 2, and 3 days after con-
ditioning because, unlike in Experiment 1, contextual control had
not been assessed during the conditioning sessions.

On Day 15, the effects of the auditory CS were assessed in Con-
text 2. All four groups received five presentations of the 30-sec tone
CS. Freezing was recorded during 1-min intervals (60–120,
540–600, 1,140–1,200, 1,740–1,800, and 2,340–2,400 sec). The
tone CS occurred in the last 30 sec of each recording period; the first
30 sec of the recording period was the pretrial period. In Experi-
ment 2, after the experiment was completed videotaped sessions
were scored by an independent observer who was blind to the ex-
perimental treatment of the animal.

Results and Discussion
Context test. The major finding of the present exper-

iment was that, after many sessions of conditioning with

many trials per session, we found overshadowingof freez-
ing in the variable ITI condition but not in the fixed ITI
condition. Figure 4 illustrates the mean percent freezing
for each of the 1-min observation intervals of the context
test. The figure shows a large overshadowing effect in
the variable ITI condition,with significantly more freez-
ing in the VnoCS group than in the VCS group. A 2 3 2
3 3 3 5 repeated measures ANOVA on these data re-
vealed main effects of schedule [F(1,28) 5 5.42], ses-
sion [F(2,56) 5 25.78], and interval [F(4,112) 5 11.32],
and interactionsof session and interval [F(8,224) 5 2.43]
and of signaling 3 schedule 3 session 3 interval
[F(8,224) 5 2.00]. Of most interest is the four-way inter-
action that was caused by variations in the magnitude of
the overshadowingeffect in the variable ITI groups across
intervals and successive test sessions. Significant differ-
ences between the VCS and VnoCS groups were found on
the first, fourth, and fifth intervals of Session 1 [small-
est F(1,28) 5 6.08] and the first and third intervals of
Session 2 [smallest F(1,28) 5 4.43]. Consistent with Ex-
periment 1, there was no evidence of overshadowing for
groups that received USs at regularly scheduled inter-
vals. The level of freezing in the FnoCS and FCS groups
was similar during each of the sampled intervals. In sum-
mary, Experiment 2 showed that with extended condi-
tioning, there was overshadowing in the variable ITI con-
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Figure 4. Freezing in the conditioning context for rats that had previously received signaled
or unsignaled shocks at variable or fixed intervals for nine sessions in Experiment 2. On each of
three daily sessions, freezing was assessed during the 60-sec intervals from 60 to 120 sec (Inter-
val 1), 540 to 600 sec (Interval 2), 1,140 to 1,200 sec (Interval 3), 1,740 to 1,800 sec (Interval 4),
and 2,340 to 2,400 sec (Interval 5) after placement in the conditioning chamber. FCS, fixed, sig-
naled; FnoCS, fixed, unsignaled; VCS, variable, signaled; VnoCS, variable, unsignaled.
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dition but not in the fixed ITI condition.As predicted, the
temporal cue provided by the constant placement–US
and US–US interval was not overshadowed.

These results suggest that Williams et al. (1992) may
have failed to find overshadowing because their design
allowed placement cues to signal the precise arrival time
of the US. Why, in their Experiments 3 and 4, when the
US was presented alternately at 120 sec and 1,200 sec
after placement, was there no overshadowing? It could
be that scheduling the US at two times is not the same as
having variable presentation time, especially given that
temporal control has been observed to some extent after
only a single conditioning trial (Maes & Vossen, 1992).

Why did Experiment 2 show that variable ITIs sup-
ported higher levels of freezing to context than did fixed
ITIs (in VnoCS vs. FnoCS)? The most likely explana-
tion is that the rats learned something about when shock
occurred. For example, the rats in Group VnoCS experi-
enced both long and short US-free periods followed by
reexposure to the US. Thus, it is possible that they learned
that shock occurred at unpredictable intervals. If so, high
levels of freezing would be expected throughout the test
session. By contrast, in Group FnoCS the shocks were pre-
sented at constant intervals; thus, the rats in this group
may have experienced an extinction trial when shock did
not arrive at its usual time in test. The lower rate of freez-
ing in Group FnoCS relative to Group VnoCS in the first
observation interval can also be understood by assuming
that the rats had learned something about the interval be-
tween placement in the context and the occurrence of the
first US. Unlike Group VnoCS, Group FnoCS had never
experienced a US during the first 2 min after placement
in the conditioning context, the period that corresponds
to the first observation interval.

Of course, it is always possible that the variable and
fixed schedulesaffected overall levelsof freezing for other
reasons. For example, it is possible that Group VnoCS be-
came sensitized to the shock because of a variable ITI. If
so, there might have been less freezing in Group FnoCS
than in Group VnoCS because a sensitizedUS could serve
as an especially effective reinforcer. Ruling out this al-
ternative account would seem to require an independent
assessment of the vigor of the unconditioned scrambling
reaction to shock (e.g., Fanselow, 1982) at the end of
conditioning stage, a test that we did not conduct. To be
meaningful, such a test would have to occur in a different
context than that used for conditioning.

CS test. As expected, the data from the final CS test
confirmed that the CS had become excitatory in the VCS
and FCS groups. A 2 3 2 3 5 repeated measures ANOVA
on the pretrial data revealed no main effects or interac-
tions of any of the variables. Freezing in the pretrial pe-
riod was very low even in the first observation interval.
A 2 3 2 3 5 ANOVA on the data of the CS period re-
vealed main effects of signaling [F(1,28) 5 73.14] and
interval [F(4,112) 5 2.63], and an interaction of signal-
ing and schedule [F(1,28) 5 5.76]. As expected, the CS
groups froze more than their no-CS counterparts, and

freezing in both the CS and no-CS groups declined over
intervals. The signaling 3 schedule interaction was
caused by greater difference in freezing to the tone CS
between the FCS and FnoCS groups than between the
VCS and VnoCS groups. Overall levels of freezing to the
tone CS were FCS 5 80%, FnoCS 5 0%, VCS 5 62%,
and VnoCS 5 16%.

GENERAL DISCUSSION

The present experiments support the notion that when
footshock USs occur at regular temporal intervals, rats
quickly learn about the time of US presentation, and this
learning is difficult to overshadow. Experiments 1 and 2
showed no evidence that pretrial freezing was lower in
the FCS group than in the FnoCS group. On the other
hand, at least with multiple sessions of many trials per
session, contextuallyevoked freezing was overshadowed
in otherwise identical circumstances when footshock
USs were presented at variable intervals (Experiment 2).
With variable intervals, pretrial freezing can only come
under the control of contextual cues. Thus, the variable
groups in Experiment 2 might have frozen more than the
fixed groups because they could not learn the US’s ar-
rival time. They were not “better” conditioned. Because
placement in the context did not tell the animal when the
US would occur, pretrial freezing was overshadowed by a
CS that signaled the precise arrival time of the US. Thus,
the present experiments have identified a major factor
that accounts for previous discrepancies in the literature.
There was evidence of overshadowing only when USs
were scheduled at variable times, and only when there
were many sessions and many trials per session.

Experiments examining overshadowing in overlap-
ping serial compounds of discrete CSs (CS1–CS2–US)
provide similar data to those found in the fixed time con-
ditionsof the present experiments. In this procedure, CS1
onset is followed by CS2 onset, and the two CSs termi-
nate with the onset of the US. Kehoe (1983), studying
nictitatingmembrane conditioningin the rabbit, and Ayres
(1966), investigating conditioned suppression in the rat,
both found that CS2 failed to overshadow CS1. In this
case, closer proximity of CS2 to the US would seem to
make it a better predictor of the US’s arrival time. How-
ever, CS1 marks the beginning of the trial, and it is the
first event to signal the US. In the present experiments,
placement of the rat in the conditioning context provided
information that was not available from other cues pres-
ent at that time. In the FCS and FnoCS groups, placement
also signaled when the US would occur, as CS1 does in
an overlapping CS1–CS2 compound.

In Experiment 1 there was a variable time between the
rat’s placement in the conditioning chamber and the oc-
currence of the US in the VCS and VnoCS groups. Un-
like in Experiment 2, the presence of an excitatory CS
had no effect on the level of freezing in the pretrial pe-
riod. Perhaps performance in this instance was preas-
ymptotic, and further conditioning would have revealed
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overshadowingof situationalcues. Odling-Smee (1978b),
using the context preference measure of conditioned
fear, found that with a 1.3-mA US there was no overshad-
owing after 4 conditioningsessions. However, he observed
substantial though incomplete overshadowing after 12
sessions. Moreover, in an experiment otherwise like Ex-
periment 2, but with a single conditioning session, there
was no overshadowing of situational cues by the discrete
CS even with variable intervals between trials (see also
Maes & LoLordo, 1996). Whether more conditioning tri-
als in the one trial per session procedure of Experiment 1
would have revealed overshadowing in the variable time
groups remains to be seen. Conclusions based on com-
parisons between the two experiments reported here must
be tempered because the experiments differed in several
conditioning parameters other than the total number of
trials (6 vs. 72). These included number of sessions (6 vs.
9), number of trials per session (1 vs. 8; but see above),
and mean ITI (600 vs. 309 sec).

One possible explanationfor why overshadowingmight
have emerged with extended conditioning is that cue
competition would not normally begin until the CS has
acquired a meaningful level of associative strength.How-
ever, our CS was always well conditioned and there was
only a single case of overshadowing.In addition,Williams
and LoLordo (1995) found no evidence that an already
excitatory tone CS blocks the conditioning of temporal
and contextual cues. A better account of our data is pro-
vided by discrimination theory. According to this theory,
when signaled shocks occur at variable intervals, rats
may gradually learn to be afraid of the context and the
CS, and not to be afraid of the context in the absence of
the CS (McAllister, McAllister, Weldon,& Cohen, 1974).
If we assume that the VCS group receives a relatively
large number of unreinforcedcontext-alonetrials for every
reinforced presentation of the context–tone compound,
then we would expect generalization of conditioned re-
sponding from the compound to context alone, followed
by a decline in responding to context alone as it is re-
peatedly unreinforced. On the other hand, when the in-
terval between placement in the conditioningchamber and
the occurrence of footshock is fixed, as in Group FCS,
there is no basis for discrimination because both time
since placement in the chamber and time since the start
of the CS are perfectly correlated with the occurrence of
footshock.

Apparently at odds with the results of our experiments
is a report by Maier and Keith (1987, Experiment 4; see
also Jackson & Minor, 1988), who observed that a brief
visual signal strongly overshadowed context when rats
received 100 intense tailshocks at fixed 60-sec intervals
in a single session. Goddard (1995) found a similar effect
when a visual stimulus preceded each of 150 food pre-
sentations that occurred at 60-sec intervals. One hundred
trials are more than we used in any of our experiments,
and so it is possible that our outcomes with fixed ITIs are
also preasymptotic. On the other hand, Balsam and Gib-
bon (1988) found that although increasing the number of

food presentations at fixed intervals from 2 to 1,200 pro-
duced an increase in the associative strength of the context
in which the food was presented, there was no overshadow-
ing of context by an auditory CS even after 1,200 trials.

One issue of special concern is whether the overshad-
owing seen in Experiment 2 is a secondary consequence
of baseline differences in freezing in the variable and
fixed time groups. McAllister et al. (1974) found that as
ITI duration increased from 165 to 285 sec across groups,
with the CS–US interval held constant at 4 sec, the ab-
sence of overshadowing was replaced by overshadowing.
This outcome was largely attributable to greater context
conditioning in the control group with an increased ITI.
In the present experiments, it is quite unlikely that vari-
able ITIs were having their effect by merely increasing
baseline levels of freezing. There were similar and high
levels of freezing in the VnoCS and FnoCS groups in Ex-
periment 1 but no overshadowing. Additionally, in Ex-
periment 2 of Williams et al. (1992) there were high lev-
els of freezing in combination with a very large number
of conditioning sessions but there was no overshadow-
ing. In that experiment, the lack of overshadowing is best
attributed to the fixed temporal placement of the US ei-
ther early (120 sec) or late (1,200 sec) in the condition-
ing session.

In closing, it is worth calling attention to a shared im-
plication of these data and those of an earlier experiment
by Odling-Smee (1978a). Using a delay conditioning
procedure, Odling-Smee found that a nominal CS would
not overshadow context if CS duration varied from trial
to trial (7, 13, 33, 65, or 98 sec). In this case, the CS was
associated with the US, but the time from CS onset to
the arrival of the US was uncertain. An entirely different
result was obtained with another group of rats that re-
ceived a trace procedure with a variable duration CS. As
in the delay procedure, CS onset did not predict the ar-
rival time of the US. However, the offset of the trace CS
was always followed 10 sec later by the US, and this con-
stant interval provided a precise temporal cue for the ar-
rival of the US. Odling-Smee found that the level of
overshadowingseen in the trace group trained with a vari-
able CS duration was similar to the level of overshadow-
ing seen in a delay group trained with a constant CS du-
ration. Thus, the variable duration CS overshadowed
situational cues only when it told the animal when the
US would occur. Our results indicate that situational
cues become vulnerable to overshadowing only when
they predict the arrival time of the US with less reliabil-
ity than the nominal CS.
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