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The hypothesis that the standard acoustic startle habituation paradigm contains the elements of
Pavlovian fear conditioning was tested. In a potentiated startle response paradigm, a startle
stimulus and a light conditioned stimulus (CS) were paired. A startle stimulus then was tested
alone or following the CS. Freezing behavior was measured to index conditioned fear. The startle
response was potentiated on CS trials, and rats froze more in CS than in non-CS periods. In
Experiment 1, response to a previously habituated, weak startle stimulus was potentiated. In
Experiment 2, response to the same stimulus used as the unconditioned stimulus (US) in training
was potentiated. This CS-potentiated response retarded the course of response decrements over
training sessions as compared with an explictly unpaired control group. Conditioned fear is a
standard feature of this habituation paradigm, serves to potentiate the startle response, and
provides an associative dimension lacking in the habituation process per se.

Borszcz, Cranney, and Leaton (1989) hypothesized that the
standard acoustic startle habituation paradigm contains the
elements of Pavlovian fear conditioning. According to this
hypothesis, fear conditioning arises from the association be-
tween the contextual cues of the startle apparatus and the
startle stimulus itself. The contextual cues serve as the con-
ditioned stimulus (CS), and the startle stimulus serves as the
unconditioned stimulus (US). Freezing behavior develops
during the course of habituation training as a reflection of the
fear conditioning, and the response-energizing effects of fear
elevate startle amplitudes. Under some circumstances, the
response-enhancing effects of conditioned fear can mask the
response-reducing effects of habituation. In support of this
hypothesis, Borszcz et al. (1989) showed that (a) brain lesions
that reduce fear behavior retarded the development of freezing
behavior and facilitated habituation, (b) preexposure to the
startle apparatus (the CS) served as a latent inhibition manip-
ulation to retard the development of freezing and to facilitate
habituation, and (c) after initial habituation training, exposure
to the startle apparatus alone served to extinguish freezing
and reduce startle amplitudes. It was argued that this fear
conditioning brings an associative dimension to the habitua-
tion paradigm in the form of a long-term sensitization process
that interacts with long-term habituation to determine re-
sponse level.
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A variety of corollary data are consistent with this hypoth-
esis. Many experiments have shown that fear potentiates the
startle response (e.g., Brown, Kalish, & Farber, 1951; Davis
& Astrachan, 1978). In the typical potentiated startle para-
digm, a CS is paired with shock in an initial training phase.
In subsequent tests, a startle stimulus either is presented alone
or in the presence of the CS. Startle amplitude is higher in
the presence of the CS. Freezing behavior has been shown to
be a reliable index of fear (Blanchard & Blanchard, 1969;
Fanselow, 1980), and Leaton and Borszcz (1985) showed
strong correlations between startle amplitude and freezing in
a potentiated startle paradigm. Lesions of the amygdala, which
reduce fear-related behaviors generally (Albert & Walsh,
1984), and freezing (Blanchard & Blanchard, 1972) and po-
tentiated startle (Hitchcock & Davis, 1986) specifically, also
retard the development of freezing and facilitate response
decrements in an acoustic startle habituation paradigm (Lea-
ton & Supple, 1987). In addition, an intense auditory stimulus
appears to be similar to a weak shock in terms of its ability to
engage the endogenous opioid systems (Cranney, 1987, 1988)
and to serve as a US in various aversive conditioning para-
digms (e.g., Bakal, Johnson, & Rescorla, 1974; LoLordo,
1967; Lyon, 1964).

One of the implications of this hypothesis is that a startle
stimulus should serve as a US for fear conditioning in any
Pavlovian conditioning arrangement. A discrete CS paired
with a startle stimulus, for example, should acquire the prop-
erties of a fear stimulus. In a potentiated startle paradigm,
this CS should, in turn, serve to potentiate the response to a
startle stimulus. The experiments described here tested this
prediction and some of its implications.

Experiment 1

In Experiment 1, animals were first given initial habituation
training with one startle stimulus. In a training phase, a
second, stronger startle stimulus was paired with a light CS in
a potentiated startle paradigm. In test sessions, the original
startle stimulus was presented alone or in the presence of the
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CS. We expected that the stronger startle stimulus would
support fear conditioning to the CS, so that the response to
the original startle stimulus would be potentiated in the
presence of the CS.

Method

Subjects. Eight adult male Wistar rats obtained from the Univer-
sity of New South Wales Animal Breeding and Holding Unit were
housed in groups of four and maintained on a natural day/night cycle
and ad lib food and water throughout the experiment. The rats were
assigned to a paired group and an unpaired group matched on body
weight. The respective group mean weights were 430 g and 423 g.

Apparatus. The apparatus was similar to that described by Cran-
ney (1988). Briefly, rats were tested in one of four identical startle
chambers, 20 cm X 12 cm X 12 ¢m, that was constructed of Plexiglas
and had a grid floor. The chamber was suspended from a Plexiglas
sheet to which a piezoelectric film was laminated. Abrupt movements
of the rat caused the Plexiglas to flex slightly, inducing a voltage in
the piezoelectric film (Leitner & Rosenberger, 1983). This voltage
was digitized by a microcomputer system, and the peak positive
voltage within 100 ms after the startle stimulus was taken as a measure
of the response. The chambers were housed in sound-attenuated
boxes, two per box, which had large Perspex windows to allow
observation of the rats. The chambers were illuminated by a 15-W
red light bulb.

One Tandy piezoelectric speaker (Type 40-1379) was mounted 6
cm from each of the two side walls of each startle chamber and were
simultaneously activated for all auditory stimulation. Continuous
white noise, 70 dB (SPL), helped masked extraneous sounds. Startle
stimulus and background intensities were measured with a Bruel and
Kjaer sound-level meter (Type 2235), with a microphone placed in a
central position within the chamber. A 220-V, 60-W white light bulb
mounted 11 cm from the rear of the startle chamber was used as a
CS. Before each rat’s session, the startle chamber was cleaned with a
0.5% solution of acetic acid.

Procedure. In the first phase, each rat was given six 5-min preex-
posure sessions in the startle chamber on each of 2 days. The sessions
were given in sets of two separated by 15 min, with the sets separated
by 3 hr. No startle stimuli were presented.

After the 2 days of preexposure, each rat was given three sessions
in the startle chamber each day. Sessions were separated by 3 hr. On
the day after preexposure, the pretraining day, each of the three
sessions consisted of 10 presentations of a 100-ms, 102-dB, 10-kHz
startle stimulus on a 140-s variable interval (VI) schedule. In this and
all subsequent sessions, the first stimulus was presented after the first
2 min of the session. These sessions were designed to produce long-
term habituation to the 10-kHz stimulus.

On the following day, the training day, each of the three sessions
consisted of 10 presentations of a 100-ms, 117-dB white noise startle
stimulus and 10 presentations of a 20-s light CS. For the paired group,
the startle stimulus immediately followed the offset of the light CS.
For the unpaired group, the startle stimulus and the CS were explicitly
unpaired, the CS being presented midway between startle stimuli and
60 s after the last startle stimulus. For both groups, the startle stimuli
were presented on a 140-s VI schedule.

On the following day, the test day, each of the three sessions
consisted of 10 presentations, on the 140-s VI schedule, of the 10-
kHz startle stimulus used on the pretraining day. Five of the stimuli
were immediately preceded by the light CS (LT trials), and five were
presented alone (T trials). LT and T trials were alternated, and the

order of alternation was balanced over sessions and between groups.
During the 20-s CS presentation, and for the 20-s period before the
startle stimulus on T trials, the rats were observed using a time-
sampling procedure. Every 4 s, the rat’s behavior was scored as either
freezing or not freezing. Freezing was defined as the absence of all
visible movements of the body and vibrissae except for movement
necessitated by respiration (Fanselow, 1984). The percentage of time
samples judged as freezing was calculated for each trial. Each rat
received a total of 15 LT trials and 15 T trials over the three sessions.

Results

An analysis of variance (ANOVA) of the pretraining day
data showed a significant reduction in responsiveness to the
10 kHz startle stimulus over the three sessions, F(2,12) =
5.92, p < .05, but no group difference or interaction (both
Fs < 1.0). A meaningful analysis of the training day was not
possible because the intense white-noise stimulus provoked a
maximum response on 72% of the trials in the paired group
and on 52% of the trials in the unpaired group.

The results of the test sessions are summarized in Figure 1.
Mean startle amplitudes for the 15 LT trials and the 15 T
trials are shown on the left in the figure. A 2 X 2 ANOVA (2
groups by 2 trial types) of these data yielded a significant
Group X Trial-Type interaction, F(1, 6) = 30.66, p < .0l.
Neither the group difference (F < 1.0) nor the trial-type
difference, F(1, 6) = 4.08, p > .05, was significant. For the
paired group, startle amplitude was significantly higher on LT
trials than on T trials (mean difference + SE = 28.8 + 5.25),
t(3) = 5.49, p < .05. (All p values for ¢ tests are two-tailed
probabilities.) The reverse pattern for the unpaired group
(mean difference = —13.4 + 5.52) did not reach significance,
t(3) = 2.55, p > .05. Mean percentage potentiation [(LT-T)/
T) % 100] for the paired group was +61.0% + 27.50 and for
the unpaired group was —16.8% =+ 6.15. This difference was
significant, #(6) = 2.76, p < .05.

Mean percentage freezing during the 20-s CS (LT) and for
the 20-s period before the tone on T trials is shown on the
right in Figure 1. An ANOVA again yielded a significant
group X Trial-Type interaction, F(1, 6) = 20.45, p < .01. The
group effect did not reach significance, F(1, 6) = 4.00, p >
.05, but the trial-type difference was significant, F(1, 6) =
8.14, p < .05. The paired group froze significantly more during
the CS periods than during the non-CS periods (mean differ-
ence = 32.3 = 8.43), t(3) = 3.84, p < .05. The reverse pattern
for the unpaired group (mean difference = —7.3 + 2.46) did
not reach significance, ¢(3) = 2.97, p > .05.

For both the startle and freezing measures, the mean re-
sponse for the 15 LT trials and the 15 T trials provided the
most stable index of responsiveness differences. Both for
simplicity and to maintain consistency with the typical poten-
tiated startle paradigm (e.g., Hitchcock & Davis, 1986; Leaton
& Borszcz, 1985), these are the only data shown in Figure 1.
In addition, expected reductions in startle amplitude, F(2, 12)
= 36.75, p < .001, and freezing, F(2, 12) = 32.41, p < .001,
occurred over test sessions for both groups and for both trial
types.
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Discussion

The startle response to a 10-kHz stimulus was significantly
potentiated when the stimulus was presented immediately
after a CS that previously had been paired with a white noise
startle stimulus. The percentage of potentiation was signifi-
cantly greater in the paired group than in the explictly un-
paired group. This latter group showed a nonsignificant trend
to respond less in the presence of the CS than in its absence.
The percentage of potentiation in the paired group, 61%,
compares favorably with the potentiation found in the typical
potentiated startle paradigm with shock used as the US (e.g.,
Davis & Astrachan, 1978; Hitchcock & Davis, 1986; Leaton
& Borszcz, 1985). The freezing response paralleled the group
differences in startle amplitude. The paired group froze sig-
nificantly more during the CS than during non-CS periods,
whereas the reverse pattern in the unpaired group was not
significant.

These data support the theory just outlined, which assumes
that a startle stimulus can be viewed as a US for fear condi-

tioning. The conditioned fear, indexed by the freezing re-
sponse, served to potentiate the startle response and provided
a possible associative dimension to the habituation paradigm.

Experiment 2

Experiment | demonstrated that a startle stimulus can serve
as a US to support fear conditioning and that this conditioning
can, in turn, potentiate startle amplitudes. These results sug-
gest that a CS paired with a startle stimulus should be able to
potentiate the response to any stimulus, even that stimulus
that served as the US to establish the CS. It then follows that
pairing a startle stimulus with a CS during habituation train-
ing should retard the course of response decrements to that
startle stimulus. The response-enhancing effects of the CS
should provoke and maintain an elevated response level to
the startle stimulus as compared with the response level for
an unsignaled startle stimulus. An independent hypothesis,
but one necessary to account for the course of response
decrements during habituation training, assumes that with
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repeated presentations the startle stimulus loses its ability to
serve as a US for fear conditioning. To test these predictions,
we replicated the procedures of Experiment 1 in Experiment
2 except that (a) the same startle stimulus was used in both
potentiation training and in testing and (b) the course of
response change to the CS-paired startle stimulus was followed
over a number of days.

Method

Subjects and apparatus. Twenty-four adult male Wistar rats were
housed in groups of 8 but were otherwise similar to those used in
Experiment 1. They were assigned to a paired group and an unpaired
group matched on body weight (Mean = 335 g). The apparatus was
identical to that used in Experiment 1, except that amplification of
the startle response signal was reduced to avoid ceiling effects in this
response measure, and the background noise level was reduced to 65
dB.

Procedure. The basic daily running schedule replicated that used
in Experiment 1. The procedures differed from Experiment 1 in that
the same white noise stimulus was used in both training and testing,
and there were no startle sessions before the first training day. Each
rat began with six 5-min preexposure sessions on each of 2 days. On
each day after preexposure, each rat was given three sessions in the
startle chamber separated by 3 hr. The third day, Training Day 1,
was procedurally identical to the training day in Experiment 1, except
that the intensity of the white noise startle stimulus was reduced to
110 dB to further minimize ceiling effects, and freezing behavior was
observed. For the paired group, each presentation of the startle
stimulus was preceded by the 20-s light CS. For the unpaired group,
the startle stimulus and the CS were explicitly unpaired. The rats
were judged as either freezing or not freezing following the same
observational time-sampling procedure used in Experiment 1. One-
third of the observations were made by an hypothesis-blind observer.
The observations were made during the 20-s CS period for both
groups, for the 20-s pre-CS period for the paired group, and for the
20-s period before the startle stimulus for the unpaired group. On the
fourth day, Test Day 1, each of the three sessions consisted of 10
presentations, on the 140-s schedule, of the same 110-dB white noise
startle stimulus used on Training Day 1. Five of the stimuli were
immediately preceded by the light CS (LN trials), and five were
presented alone (N trials). LN and N trials were alternated, and the
order of alternation was balanced over sessions and between groups.
During the 20-s CS presentation, and for the 20-s period before the
startle stimulus on N trials, the rats were judged as either freezing or
not freezing. Each rat received a total of 15 LN trials and 15 N trials
over the three sessions. This procedure replicated the test day proce-
dure of Experiment 1 except for the nature of the startle stimulus.

On the fifth and sixth days, Training Days 2 and 3, the same
procedure as for Training Day 1 was used. On the seventh day, Test
Day 2, the same procedure was used as for Test Day 1. In summary,
each rat was given one training day, followed by one test day, followed
by two more training days, followed by a final test day.

Results

To facilitate comparison with Experiment 1, we first con-
sider the results of Test Day 1. These results are shown in
Figure 2. Mean startle amplitudes for the 15 LN trials and
the 15 N trials are shown on the left in the figure. The results
basically replicated Experiment 1. A 2 X 2 ANOVA yielded
a significant Group X Trial-Type interaction, F(1, 22) =
38.76, p < .001. Both the group difference, F(1, 22) = 6.41,

p < .05, and the trial-type difference, F(1, 22) = 67.79, p <
.001, were significant. For the paired group, startle amplitude
was significantly higher on LN trials than on N trials (mean
difference = 44.5 + 3.48), t(11) = 1291, p < .001. For the
unpaired group, this difference was not significant (mean
difference = 6.2 £ 5.10), #(11) = 1.21, p > .05. Mean per-
centage potentiation for the paired group was 67.9% + 10.49
and for the unpaired group was 12.7% = 10.20. This group
difference was significant, #1(22) = 3.78, p < .01.

Mean percentage freezing during the 20-s CS (LN) and for
the 20-s period before the startle stimulus on N trials is shown
on the right in Figure 2. An ANOVA again yielded a signifi-
cant Group X Trial-Type interaction, F(1, 22) = 85.31, p <
.001. Both the group difference, F(1, 22) =8.72, p < .01, and
the trial-type difference, F(1, 22) = 19.84, p < .001, were
significant. The paired group froze significantly more during
the CS periods than during the non-CS periods (mean differ-
ence = 32.4 + 3.68), t(11) = 8.84, p < .001. The reverse
pattern for the unpaired group was also significant (mean
difference = 11.3 £ 3.00), ¢(11) = 3.78, p < .0Ol.

Presenting the data as the means for the two trial types over
the three sessions of Test Day 1 facilitates comparison with
Experiment | but hides changes over sessions. As in Experi-
ment 1, both the startle response measure, F(2, 44) = 12.05,
P < .01, and the freezing measure, F(2, 44) = 36.48, p < .01,
decreased across sessions for both groups and both trial types.
(See the second panels in Figures 3 and 4). For neither
measure was the Group X Session or Trial Type X Session
interaction significant (all ps > .10), but the triple interaction
for freezing did reach significance, F(2, 44) = 5.23, p < .01.

The full course of the training-test sequence is summarized
by session means in Figures 3 and 4. Figure 3 shows the startle
amplitudes for the three training days and the two test days
as a function of trial type and group. Pairing the startle
stimulus with a CS elevated startle response amplitudes. Al-
though the unpaired group showed modest decreases in startle
amplitudes over training sessions, the startle response for the
paired group increased over the initial training sessions and
began to decrease only during Training Day 2. This CS-
induced potentiation decreased with continued pairing of the
CS and the startle stimulus, being less pronounced on Train-
ing Day 3 than on Training Day 1. An ANOVA of this pattern
of results for the training sessions yielded a significant differ-
ence between groups, F(1, 22) = 26.42, p < .001, a significant
effect of sessions, F(8, 176) = 13.91, p < .001, and a significant
Group X Sessions interaction, F(8, 176) = 3.67, p < .01.

The freezing data for the three training days and the two
test days are shown in Figure 4. These data paralleled the
startle response data. The paired group froze more overall
during the periods sampled than did the unpaired group, and
this group difference decreased over training sessions. An
ANOVA of this pattern vielded a significant group effect, F(1,
22) = 15.07, p < .01, and sessions effect, F(8, 176) = 91.18,
p <.001, and a significant Group X Sessions interaction, F(8,
176) = 4.53, p < .001. The development of the discrimination
between CS and non-CS periods began to appear on Session
3 of Training Day 1. The paired group froze more during the
CS than during non-CS periods, whereas the unpaired group
showed the opposite pattern. The discrimination disappeared
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Figure 2. Mean startle amplitudes on light-noise trials (LN) and noise-alone trials (N) and mean
percentage freezing during the light on LN trials and for the 20 s before the white noise startle stimulus
on N trials for the paired and unpaired groups for Test Day | in Experiment 2. (Note that the ordinates
for the two measures are scaled differently and have different starting points. Vertical lines indicate

standard errors.)

along with the freezing response. An analysis of this pattern
of results for the training sessions yielded a significant CS
effect, F(1, 22) = 67.26, p < .001, and significant interactions
of CS X Group, F(1, 22) = 84.85, p < .001, CS X Sessions,
F(8,176) = 5.16, p < .001, and CS X Group X Sessions, F(8,
176) = 9.42, p < .001.

As is shown in the last panel of Figures 3 and 4, the group
and CS differences found on Test Day 1 had largely disap-
peared by Test Day 2. An ANOVA of the startle response
data on Test Day 2 found no significant group or trial-type
differences or interactions (all Fs < 1). Although very little
freezing behavior remained by Test Day 2, when it did occur,
it was during the CS period for the paired group. For the three
sessions, this group showed 2.9% freezing on LN trials and
0.1% on N trials. The unpaired group showed 0.3% freezing
on both LN and N trials. An ANOVA of these freezing
differences yielded a significant group difference, F(l1, 22) =
11.52, p < .01, trial-type difference, F(1, 22) = 12.24, p <
.01, and Group X Trial Type interaction, F(1, 22) = 12.39, p
< .01,

The session means displayed in Figures 3 and 4 provide a
convenient and accurate summary of the full course of train-

ing and testing, but they do not reveal the trial-by-trial devel-
opment of the group and CS differences. The group differ-
ences in startle and freezing developed rapidly within Session
1 of Training Day 1, leading to the differences shown by the
session means. The discrimination between the CS and non-
CS periods on the freezing measure began to develop during
Session 1 of Training Day 1 but only became clearly apparent
during Session 3, as the session means in Figure 4 reveal. It is
important to note that the groups did not differ in either
startle or freezing on Trial 1, Session 1. The mean startle
amplitudes on this trial were 83.8 + 18.6 and 75.6 + 14.2 for
the paired and unpaired groups, respectively, t < 1). No
animal was rated as freezing before Trial 1, Session 1, Test
Day 1. The differences on both measures developed as the
animals experienced the CS-startle stimulus contingencies.

Discussion

The results from Test Day 1 basically replicated the results
from Experiment 1 in showing that a CS previously paired
with a startle stimulus could serve to potentiate the response



284 ROBERT N. LEATON AND JACQUELYN CRANNEY

Train 1 Test 1 Train 2 Train 3 Test 2

140 - 140 - 140 - 140 140

120 b /\- 2ot 120 b 2 o 2 g Paired:CS
o -:{J=. Paired:No-CS
o — =A~  Unpaired:No-CS
; 100 | 100 } 100 100 } 100 | srenepfyenen: Unpaired:CS
a
< 2,
< )
o % A\Q 80 b A‘\"“ 80 + 80 80 b
< \ \6‘ l\\
© \
= A \nl \
N gt 60 A 60 + A 60 - A’A\ 60 |-
p \
©
') > b,y
=

a0} 40 } 40t a0t 40t

20 Y T — 20 Y T T 1 20 T T 1 20 T T Y v 20 T T T 1

t 2 t 2 3 v2 1 2 3 1t 2 3
Sessions

Figure 3. Mean startle amplitudes for each session across all training and test days for the paired and
unpaired groups for stimuli either preceded by the light CS or presented alone (No-CS). (On training
days, all stimuli were preceded by the CS for the paired group and were presented alone for the unpaired

group.}

10 a startle stimulus presented in its presence. These results
provide the logical extension to Experiment 1 by showing that
the response to the same startle stimulus used as the US in
training to establish the potentiating CS is itself potentiated
in the presence of the CS. As in Experiment |, animals in the
paired group froze more during the CS than during the non-
CS periods. The CS inhibited freezing in the unpaired group
because this group froze less during CS periods than during
non-CS periods. This inhibitory pattern was suggested but did
not reach significance in Experiment 1. In neither experiment
was there a significant difference between startle response
amplitudes on CS and non-CS trials for the unpaired group.
This suggests that the startle response may be a somewhat less
sensitive index of the contingencies than the freezing measure.
By Test Day 2, the CS had lost its power to potentiate startle
and retained only the slightest ability to induce freezing. The
60 pairings of the CS and the startle stimulus that intervened
between Test Day 1 and Test Day 2 eliminated the effective-
ness of the startle stimulus as a US.

During training, pairing the startle stimulus with the CS
potentiated responding and retarded the course of response
decrements in the paired group. It was the light as a CS for
the startle stimulus, and not the light alone, that elevated
startle amplitudes. The two groups showed similar startle
amplitudes on Trial 1, Session I, Training Day 1. On this

trial, before any CS-startle stimulus pairings, the light had no
significant effect on the startle amplitude of the paired group.
Similarly, the light had no potentiating effect on the unpaired
group on Test Day 1, and when the light was removed from
the paired group on N trials on Test Day 1, that group’s
response level fell to the level of the unpaired group. The
simple manipulation of providing a stimulus to predict the
onset of the startle stimulus potentiated startle amplitudes
and retarded the course of between-sessions habituation.

General Discussion

The data from these two experiments support in detail the
hypothesis outlined in the introduction. A startle stimulus in
a standard habituation paradigm can serve as a US for fear
conditioning, and the fear CS serves in turn to potentiate the
response to the startle stimulus. With repeated presentations,
the startle stimulus loses its fear-provoking qualities. When a
CS consistently predicts the startle stimulus throughout train-
ing, responses to that stimulus are elevated, and any response
decrements are retarded.

Borszcz, Cranney, and Leaton (1989) hypothesized that the
standard startle habituation paradigm contains the elements
of Paviovian fear conditioning. In that experiment, the con-
textual cues of the startle chamber served as the CS, and the
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Figure 4. Mean percentage freezing for each session across all training and test days for the paired and
unpaired groups during the CS or during equivalent non-CS periods (No-CS).

startle stimulus served as the US. Fear conditioning was
indexed by the development of freezing to the context. Ac-
cording to this hypothesis, fear conditioning elevates startle
amplitudes through the response-energizing effects that ac-
company the central fear state. In the present experiments, a
discrete CS, rather than the context, was associated with the
startle stimulus, and this CS served to elevate startle ampli-
tudes. Fear conditioning was indexed by differential freezing
to this discrete CS. In the Borszcz et al. experiment, preex-
posure to the context served as a latent inhibition manipula-
tion that retarded the development of freezing and minimized
the fear-induced elevations of startle amplitudes. Preexposure
in the present experiments likewise should have retarded
acquisition of fear to the context, but it should have facilitated
acquisition of fear to the discrete CS.

Borszcz, Cranney, and Leaton (1989) also found that the
freezing behavior that developed early in habituation training
extinguished to pretraining levels despite continued pairing of
contextual cues with the startle stimulus. The nonmonotonic
nature of the freezing function was explained by assuming
that with extended presentations, the startle stimulus, like a
weak shock (Annau & Kamin, 1961), loses its ability to serve
as an aversive US. Once the startle stimulus loses its properties
as a fear-invoking stimulus, additional trials become equiva-
lent to extinction trials for conditioned fear. In the present
experiment, the 60 CS-startle stimulus pairings that inter-
vened between Test 1 and Test 2 in Experiment 2 reduced
the fear-invoking properties of the CS to near zero.

We previously discussed (Borszcz et al., 1989) the basic
similarities of this model of startle response habituation with
the dual-process theory of habituation (Groves & Thompson,
1970). Both models maintain that repeated elicitation of a
reflex invokes two independent and opposing processes that
interact to determine response amplitudes. The habituation
process is proposed to underlie response decrements, whereas
the second process, sensitization, serves to enhance response
amplitudes. As habituation procedes, the sensitization process
itself habituates, and the habituation process is progressively
unopposed by the response enhancing effects of sensitization.
The conditioned fear that we find associated with startle
response habituation parallels the form of the sensitization
function described by dual-process theory. Our model differs
from dual-process theory because we emphasize long-term
processes of both habituation and sensitization. We assume,
in agreement with dual-process theory, that habituation is a
nonassociative process. However, we do assume that response
amplitude in some habituation paradigms is influenced by an
associative process that takes the form of fear conditioning,
long-term sensitization.

The influence of associative variables on long-term response
decrements has been described by Wagner’s (1976, 1979)
influential theory of habituation. He proposed that long-term
habituation involves the retrieval of a memorial representa-
tion of the response-eliciting stimulus from long-term to short-
term memory. In the typical startle response paradigm, this
“retrieval-generated priming” is purportedly the consequence
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of exposure to contextual cues (CS) that become associated
with the eliciting stimulus (US) during habituation training.
Priming renders the eliciting stimulus less “surprising” and
results in a decrement in the amplitude or probability of the
response. Within the framework of Wagner’s theory, priming
the startle stimulus with a discrete CS should make the
stimulus less surprising and thus enhance response decre-
ments. In direct contrast to this expectation, it was the primed
sttimulus in the present experiment that provoked the larger
response. When a CS invariably predicted the occurrence of
the startle stimulus, the response to that stimulus was poten-
tiated, and response decrements were retarded. Associative
processes in habituation have been consistently difficult to
demonstrate (Borszcz et al., 1989; Leaton, 1976; Marlin &
Miller, 1981). However, the fear/sensitization effects de-
scribed in the present experiments are associative and do serve
to alter response levels. These factors provide an associative
dimension to responsiveness in a startle habituation paradigm
even though the habituation process itself may be nonassocia-
tive.

Our data would appear to be in conflict with data showing
that an unconditioned response (UR) is often, although not
invariably (e.g., Donegan, 1981), reduced in amplitude when
the US is preceded by a CS, a phenomenon called conditioned
diminution of the UR (Kimmel, 1966). Wagner has pointed
to this phenomenon as supportive of his associative theory of
habituation (Wagner, 1976, 1979; Whitlow & Wagner, 1984).
This phenomenon also provides part of the empirical support
for conditioning theories (e.g.,, Wagner, 1981) that assume
that the CR is sometimes opposite in form, and therefore
antagonistic, to the UR. This assumption is central to condi-
tioning theories of drug tolerance (Siegel, 1975). The present
experiments should have been procedurally adequate to dem-
onstrate the phenomenon. However, a CS enhanced rather
than diminished the startle response as UR. We believe that
the apparent conflict lies in the fact that a given US, like the
auditory startle stimulus, provokes many independent re-
sponses that can be considered URs. In the present situation,
we assumed that the startle stimulus provoked a painlike UR,
which underlay the conditioned fear we indexed with the
freezing response. This fear CR would be expected to diminish
the pain UR just as shock-induced conditioned fear (Fanse-
low, 1984) and startle stimuli (Cranney, 1988) produce hy-
poalgesic effects. Some URs, probably those that are homeo-
statically relevant, initiate compensatory processes in the or-
ganism that can be brought under associative control. Other
URs, even to the same US, do not initiate such processes and
therefore are not directly influenced by associative variables.
Obviously, we believe that the startle response represents this
latter type of UR.
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