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One-trial backward fear conditioning
in rats as a function of US intensity

PAUL E. BURKHARDT
University of Wisconsin, Oshkosh, Wisconsin 54901

In a one-trial backward conditioning procedure, four groups of seven rats each received a
4-sec white noise conditioned stimulus (CS) immediately following a 4-sec electric grid shock
unconditioned stimulus (US). For different groups the US intensity was .5, 1.0, 1.6, or 2.0 mA.
A fifth group served as a sensitization control and received a single 4-sec, 2.0-mA US presenta-
tion, but no noise CS. All the rats were later presented the CS while licking a drinking tube
for water, and CS-elicited suppression of licking was taken as an index of excitatory conditioning.
The magnitude of this suppression was found to increase as a function of US intensity.

Investigations of classical conditioning have indicated
that backward pairings of conditioned stimuli (CSs)
and unconditioned stimuli (USs) produce a variety of
results. Champion and Jones (1961), Matsumiya (1960),
and Mowrer and Aiken (1954) discovered that backward
presentations of CSs and USs endowed the CS with
“excitatory” tendencies. In direct opposition to this
evidence, Maier, Rapaport, and Wheatley (1976),
Moscovitch (1972), Moscovitch and LoLordo (1968),
Pavlov (1928), Plotkin and Oakley (1975), and Siegel
and Domjan (1971, Experiment 1; 1974, conditioned
suppression experiment) reported that backward CSs
acquire “inhibitory” properties. Still other investigators
(Bernstein, 1934; Harris, 1941; Spooner & Kellogg,
1947) have contended that nonassociative factors such
as pseudoconditioning or sensitization are responsible
for the initial responding to the backward CS.

Recently, a number of studies (Heth, 1976; Heth &
Rescorla, 1973; Mahoney & Ayres, 1976) have demon-
strated reliable excitatory effects in a backward fear
conditioning paradigm. Although the differences
between backward and control groups in each of these
studies were significant, the levels of conditioning
obtained in the one-trial backward conditioning pro-
cedure by Mahoney and Ayres (1976) were extremely
small, and no replication of their results has since been
reported. The one-trial backward conditioning procedure
is particularly interesting because it eliminates the
possibility that any excitatory effects observed could
be due to remote forward associations. It also would
appear to minimize the possibility that any obtained
results might be complicated by the learning of “auto-
contingencies” (Davis, Memmott, & Hurwitz, 1975).
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The purpose of the present investigation was, first, to
attempt to replicate the effects reported by Mahoney
and Ayres and, second, to increase the magnitude of
their effects by using higher shock intensities.

Beritov (1965) has examined the properties of US
intensity in a backward conditioning paradigm. His
observations revealed that responding was inversely
related to the US such that the strongest evidence of
backward conditioning was obtained when a relatively
weak US was employed. To explain these results, Beritov
proposed a US-produced cortical inhibition mechanism
that blocked the transmission of impulses from the CS
to the US cortical sites. The amount of inhibition
produced was a direct function of US intensity. Based
on this theory, the use of higher shock intensities in the
present study would decrease, rather than increase, the
effects of backward conditioning shown by Mahoney
and Ayres (1976).

There are, however, several theoretical positions that
predict that higher shock intensities should yield more
excitatory conditioning in a backward paradigm. Accord-
ing to Cautela (1965), backward conditioning reflects a
forward pairing of the CS with the perceived pain of an
aversive US. This perception of pain would be more
acute under higher intensities of shock, and, therefore,
the CS should become more excitatory.

Another theory, proposed by Terry and Wagner
(1975), also predicts greater conditioning in a backward
paradigm when higher shock intensities are used. Terry
and Wagner hypothesize that the CS-US association
depends upon the posttrial rehearsal of these events in
short-term memory. This rehearsal is more likely to be
initiated when surprising events occur during the course
of training. Shocks of higher intensity should be more
surprising than those of lower intensity and, hence,
more likely to be rehearsed along with events with which
they are temporally contiguous, including backward
CSs.

Finally, Mowrer and Aiken (1954) view excitatory
backward conditioning as a product of a second-order
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conditioning process. Initially, the apparatus cues
become excitatory through the presentation of the US.
The CS then acquires conditioned strength by preceding,
or occurring simultaneously with, the excitatory
apparatus cues. According to this theory, the apparatus
cues, and thus the backward CS, should control greater
excitation when a US of higher intensity is employed.

METHOD

Subjects

Thirty-five male Sprague-Dawley rats, approximately 100-
110 days old, were obtained from Harlan Industries, Madison,
Wisconsin. The animals were watered and fed freely for 1 week
before the start of deprivation.

Apparatus

The apparatus was one Grason-Stadler Model E conditioning
chamber housed in a .56-m cube of 2.5-mm metal. The chamber
was lit by a 28-V cue light located on one wall 14.5 cm above
the floor and 14.5 cm from an adjacent wall. On one wall of
the conditioning chamber was a 2 x 2 cm hole through which a
drinking tube was placed. The tube was attached to a bottle
of tap water and to a drinkometer that recorded licks. The CS
was an 80-dB white noise (re: 20uN/m?) produced by a Wavetek
Digital VCG Model 133 noise generator and presented through a
10-cm speaker mounted on the ceiling of the chamber. The US
was a scrambled grid shock provided by a Grason-Stadler
Model E1064GS shock source. Events in the experimental
chamber were controlled and recorded by programming equip-
ment located in an adjacent room.

Procedure

All rats were water deprived 23.5 h prior to Day 1 of pre-
liminary training. Throughout the rest of the experiment, they
were allowed access to water for .5Sh following each daily
session.

Preliminary training. In the first 4 days of training, each rat
was allowed to make 110 licks on the drinking tube. The
dependent measures recorded included the latency to the first
lick, time between Licks 1 and 90, time between Licks 90 and
100, and time between Licks 100 and 110.

Conditioning. On Day 5, the water bottle was removed
from the conditioning chamber, and four groups of rats (n=7)
each received one presentation of a 4-sec 80-dB white-noise CS
starting simultaneously with the termination of a 4-sec grid
shock US of .5, 1.0, 1.6, and 2.0 mA. These groups were labeled
Groups .5, 1.0, 1.6, and 2.0, respectively. The control, Group C,
received a single 4-sec 2.0-mA grid shock US. The US was turned
on 150 sec after each rat was placed in the conditioning chamber;
the duration of each session was 432 sec.

Test for conditioning, Days 6 and 7 were tests for condition-
ing. The procedure used here was identical to preliminary
training except that the noise CS was turned on after 100 licks
and remained on until 10 additional licks had occurred.
Dependent measures recorded included the latency to the first
lick, time between Licks 1 and 90, time between Licks 90 and
100, and time between Licks 100 and 110. The last three
measures were defined as the recovery time, pre-CS time, and
CS time, respectively. The CS time was taken as an index of
excitation conditioned to the CS.

RESULTS

Of the four dependent measures recorded in this
experiment, the CS time was most relevant to the main
prediction that CS-elicited suppression of licking should
increase with shock intensity. The results tend to sup-
port this hypothesis.

Table 1
Median CS Times in Seconds on Test Days 1 and 2 and
Dummy CS Times for the Last Lick-Training Session

Last Train- Test Test

Group ing Session Day 1 Day 2

C 1.3 2.7 1.9

.5 1.2 2.9 2.8

1.0 1.3 48.8 243

1.6 1.2 539 45.0

2.0 1.3 84.5 32.7
Note—-N = 7.

Table 1 depicts median CS times for each of the
groups on the 2 test days and dummy CS times on the
last lick-training day. A Kruskal-Wallis analysis of vari-
ance indicated that the groups did not differ in terms
of CS times during the last lick-training day (H=3.2,
p > .5). However, inspection of CS times on Test Day 1
revealed that group differences were significant (H =
29.62, p < .01). Planned comparisons using two-tailed
Wilcoxon rank sums tests (Wilcoxon & Wilcox, 1964)
demonstrated that Groups 1.0, 1.6, and 2.0 suppressed
significantly more than both Groups C and .5 (Ts=
77, p <.01). In addition, a Jonckheere’s test against an
ordered alternative (Hollander & Wolfe, 1973, pp. 120-
123) found the following rank order of groups to be
highly reliable: C, .5, 1.0, 1.6, and 2.0 (J*=5.81,
p < .0002). Further two-tailed Wilcoxon rank sums
tests obtained significant differences between the
following adjacent groups: .5 and 1.0 (T =77, p < .01),
and 1.0 and 1.6 (T =69, p < .05).

On Test Day 2, significant differences were again
observed (H = 22.40, p < .01). Planned Wilcoxon
rank sums tests showed that Groups 1.0, 1.6, and 2.0
differed significantly from Group C (Ts = 72, p <.03).
It was also determined that Groups 1.6 and 2.0 differed
from Group .5 (Ts =177, p < .01).

An examination of the remaining dependent measures
revealed no reliable differences among groups on the
last lick-training day, Test Day 1, or Test Day 2.

DISCUSSION

The results of the present investigation replicated, in part,
the excitatory effects of one-trial backward fear conditioning
reported by Mahoney and Ayres (1976). The significant dif-
ferences observed between the control, Group C, and Group 1.0
support their findings. In fact, more pronounced differences
were obtained between backward and control groups in the
present study. While more excitatory backward conditioning
was found in this experiment than in that of Mahoney and
Ayres, such variations between studies is presumably due to
differences in equipment, rats, and the time of the year (see
Kamin, 1965, for a discussion of these variables).

In addition to replicating the findings of Mahoney and
Ayres (1976), the present results clearly demonstrate that the
US intensity is an important determinant of conditioning in a
backward conditioning paradigm. The magnitude of suppression
was found to be directly related to the strength of the US.
Groups receiving higher intensities of shock showed more
suppression to the test CS than did those receiving lower inten-
sities. This monotonic relationship between group suppression
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and US intensity was evident from inspection of median CS
times in Table 1.

The clear effects of shock intensity on one-trial backward
conditioning in the present study contrast with those described
by Beritov (1965). In his examination of both forward and back-
ward conditioning procedures, Beritov found that responding in
a forward paradigm was directly related to the US intensity,
whereas responding in a backward paradigm was inversely
related to the US intensity. Since the manipulation of US
intensity in these two procedures had different behavioral effects
according to Beritov’s general observations, he concluded that
forward and backward conditioning developed independently
and obeyed functionally different laws. The distinction between
these two conditioning procedures was necessary for Pavlovian
theorists to formulate a uniprocess account of both classical
and instrumental conditioning. This theory was proposed to
explain instrumental conditioning in terms of Pavlovian principles
and became known as the bidirectional conditioning hypothesis
(see Gormezano & Tait, 1975).

The results of the present study do not support the hypoth-
esis that forward and backward conditioning processes have
different behavioral effects. Instead, the evidence presented here
indicates that the two procedures may reflect similar processes.
Theorists who predict the existence of excitatory backward
conditioning (e.g., Cautela, 1965; Mowrer & Aiken, 1954,
Terry & Wagner, 1975) appear to agree with the viewpoint
presented in this study.

An important aspect of the present experiment was the
utilization of a US-alone control procedure, which provided a
conservative baseline to evaluate conditioning. For this control
group, the test CS was novel and therefore should have produced
some unconditioned suppression (see Domjan & Siegel, 1971).
The selection of the most intense US, 2.0 mA, in this study was
designed to maximize sensitization by the US. The small amount
of sensitization observed in the control group, Group C, serves
to strengthen the conclusion that the excitatory effects found in
the remaining groups were indeed due to associative rather than
nonassociative processes. (See Mahoney & Ayres, 1976, p. 360,
for a discussion of the baseline provided by the US-alone and
explicitly unpaired controls and a comparison of their effects.)

The present evidence that a backward conditioning procedure
can produce reliable excitatory conditioning is in agreement with
a number of empirical and theoretical articles (Cautela, 1965;
Champion & Jones, 1961; Heth, 1976; Heth & Rescorla, 1973;
Mahoney & Ayres, 1976; Matsumiya, 1960; Mowrer & Aiken,
1954; Terry & Wagner, 1975). Moreover, this investigation has
demonstrated that the US intensity parameter is a critical
determinant of such conditioning.
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