shortly after an N trial converts the N trial
to an R trial (mechanism unspecified,
Surridge & Amsel, 1966) or converts N to
R by interfering with the consolidation of
the frustration reaction (Lobb & Runcie,
1967). The important point for our
purposes is that both hypotheses assume
that the effectiveness of ITR will decrease
as the time between nonreward and ITR
increases. Our results, of course, show just -
the opposite effect. The effectiveness of
ITR increased with increasing time
between nonreward and ITR. Surridge &
Amsel (1966) also suggest that ITR effects
may be due, in part, to a design artifact.
They point to the fact that some ITR
studies include a PR control group that
receives ITR following R trials. They
assume that this procedure increased the
reward magnitude of R trials, and that ITR
effects may be due to an increase in
resistance to extinction for the PR control
rather than to (or in addition to) whatever
decremental effects are caused by ITR
following N trials. This hypothesis cannot
account for the present results since our
PR control did not include ITR.

Only one hypothesis that might account
for the effectiveness of ITR at PR-30 and
the failure of ITR at PR-i5 has occurred to
the present authors. It will be recalled that
these two groups differed not only in the
waiting period following the N trial and
preceding ITR, but they also varied in the
time following ITR and the start of R trials
(15 sec wait for PR-15 and immediate in
PR-30). This latter interval may have
facilitated a discrimination between R and
ITR trials in the PR-15 group. These Ss
received ITRs that were *“set off” from N
or R trials by a 15-sec interval both before
and after the ITR placement. The PR-30 Ss
were placed in the startbox for R trials
immediately after ITR placement (this has
been the common procedure in successful
ITR studies). Perhaps an increased
discriminability between R and ITR trials
in PR-15 Ss caused the decrease in the
effectiveness of ITR. A similar
discrimination hypothesis has been
suggested by Capaldi & Oliver (1967) in
accounting for the decreased effectiveness
of ITR following its repeated use.
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Suppressing an avoidance response by a pre-aversive

stimulus’

H. M. B. HURWITZ and A. E. ROBERTS,
University of Tennessee, Knoxville, Tenn.
37916

Subjects trained under a free
operant-avoidance schedule were exposed
to a I-min clicker (CS) followed by an
unavoidable shock (US). During the
preaversive stimulus, overall response rates
declined and frequency of shock increased.
During this period, the response-frequency
distribution was U-shaped. When the US
was removed, response rates increased and
shock rates decreased.

Hurwitz & Black (1968) reported that
when a signaled shock was superimposed
on responding maintained by a
free-operant-avoidance schedule (FOA)
(Sidman, 1953), response rates during the
signal (CS) were often only marginally
affected (when compared to nonsignaled
response rates). On the other hand, shock
rates during CS increased dramatically,
compared to shock rates during
nonsignaled periods. It should be noted
that under the FOA schedule increases in
shock rates during CS can only result from
reduced responding, so that the
distribution of responses during CS must
be different from response distributions
during nonsignaled periods.

The purpose of this study was to
investigate the distribution of avoidance
responses during periods prior to the
signal (pre-CS), during the pre-aversive
signal (CS), and following termination of
the signal (post-CS).

SUBJECTS

Three female hooded rats, who were

experimentally naive, were employed as Ss.
PROCEDURE

An FOA schedule was programmed so
that 0.1-sec shocks of 0.8 mA were given at
S-sec intervals unless a lever press occurred,
in which case shock was postponed for
20 sec. Houselights were turned on at the
beginning of the session and, coincident
with a lever press, were momentarily
extinguished.

After 39 daily 2-h training sessions
under a free-operant-avoidance schedule, a
signal (CS), followed within 60 sec by a
shock (US), was superimposed on FOA
responding. The CS-US was presented on a
variable-interval schedule, with a mean rate
of 4 min. Shock was the same intensity as
that used under the FOA procedure. Thirty
CS-US pairings were presented on each
session.

After 20 sessions in which the CS-US
was given, the experimental conditions
were changed, and the CS was presented
alone without being followed by US. Ten
sessions were given under this extinction
procedure.

- RESPONSE MEASURES

The effects of the CS-US procedure were
investigated in terms of number of FOA
shocks occurring in signaled and
nonsignaled periods of the session. A
distribution of responding was obtained in
the following manner: The 60-sec pre-CS,
CS, and post-CS periods were divided into
five 12-sec intervals; responses occurring
during each interval were separately
recorded.
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RESULTS

Figure 1 presents mean response rates
for the following experimental periods:
Panel A, the first 10 CS-US sessions;
Panel B, the final 10 CS-US sessions; and
Panel C, the last 8 sessions in which CS was
presented alone.

Panel A presents mean response rates for
each interval of the pre-CS, CS, and
post-CS periods for each S during the first
10 CS-US sessions. Point T presents the
mean response rate observed for each S
during the last 10 FOA training sessions.
The introduction of the CS-US procedure
resulted in reduced pre-CS responding for
one S (S2). Pre-CS responding was
generally stable for all Ss. The onset of CS
resulted in a temporary increase in
responding for two of three Ss,
immediately followed by reduced
responding for all Ss; toward the end of the
CS period, responding again increased.
Response distributions during the CS
periods indicated a U-shaped function over
time. Compared to both pre-CS and CS
periods, enhanced response rates occurred
during early post-CS intervals, followed by
a gradual reduction in responding during
later intervals.

Panel B presents mean response rates for
each 60-sec period for each S during the
final 10 CS-US sessions. Pre-CS responding
was not systematically different from that
observed during the first 10 CS-US sessions
(Panel B compared to Panel A). The onset
of CS resulted in a temporary increase in
responding for all Ss, followed by reduced
responding; toward the end of the CS

period, responding again increased. The

U-shaped function during CS observed in
Panel A is quite pronounced in Panel B, as
is the enhanced responding during the
post-CS periods.

Panel C presents the mean response rates
of each S during the final eight sessions,
during which CS was presented alone.
Pre-CS response rates under this procedure
matched those previously observed.
Response rates during CS were greater than
during the pre-CS period and during the CS

)

| S S S S S S S B B B S

MEAN RESPONSES PER MINUTE
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Table 1
The Mean Shock Rates for Each S During Each
Experimental Period. See text for details.

S1 S2 S3
CS ¢ C ¢ € cCs
A 58 X |.a0 X (.31 X
B .92 167|.25 .62 |.46 147
C .58 .56|.34 .20 |.34 .28

periods shown in Panels A and B. The
increased responding during post-CS
periods shown in Panels A and B was not
maintained when CS-alone was presented.

Table 1 presents the mean shock rates
for the experimental periods identified in
Fig. 1. Row A presents mean shock rates
during the final 10 FOA training sessions;
Row B presents mean shock rates for all
CS-US sessions_during signaled (CS) and
nonsignaled (CS) periods; and Row C
presents mean shock rates during the CS
and CS periods of the final 5 sessions,
during which CS was presented alone.

Shock rates during signaled periods were
greater than during nonsignaled periods for
all Ss, although the CS-US procedure
resulted in greater shock rates as compared
to the last FOA training sessions. When CS
was presented alone, shock rates during CS
approximated those during nonsignaled
periods.

DISCUSSION

The results of this experiment show that
when a stimulus pair, CS-US, is presented
in competition with a free-operant-
avoidance schedule (FOA), response rate
during the signaled period declines. In

addition, responding during the
pre-aversive stimulus (CS) shows
substantial changes over time: The

observed U-shaped response function
probably reflects. the fact that after the
initial decline in response rate, the rate
increased because the animal received
some of the avoidable shocks in the latter
part of the CS interval. Such differential
responding during CS would not have been
observed had a single response count been
obtained, as is commonly done.

T T T T T T T T T T T T T

POST

PRE cs

This finding is contrary to the
conclusion reached by Rescorla & Solomon
(1967), who claimed that a pre-aversive
stimulus enhances anxiety-motivated behav-
ior. The results, furthermore, are at
odds with some earlier studies where it was
reported that a pre-aversive stimulus
enhances avoidance behavior. These studies
differ from the present one in several
respects: Different species were used as Ss,
and different parameter values than those
reported in this paper were examined
(Kelleher, Riddle, & Cook, 1963; Waller &
Waller, 1963).

Finally, it should be pointed out that
the conclusions of Rescorla & Solomon
(1967) are based on experimental
procedures in which the probe operations
used to identify the functional properties
of CS involved a CS-US extinction
procedure, i.e., presenting CS alone (e.g.,
Rescorla & LoLordo, 1965). The data
shown in Panel C demonstrate that this
procedure does not result in enhanced
responding during CS, relative to pre-CS
response rates. It is, therefore, appropriate
to conclude that CS does not have a
unitary function—as suggested by Rescorla
& Solomon (1967)—but affects behavior
differently depending on whether the
stimulus continues to be associated with a
US.

Our finding, that CS presented alone
results in enhanced responding, raises a
fundamental issue: why a stimulus, no
longer a signal for US, acquires
response-enhancing properties maintained
over hundreds of presentations. Additional
experiments are in progress to answer this
question.
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