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Warning stimuli for two punishment conditions were alternated with periods of appetitive
responding by rats. In either warning stimulus, the first response produced a brief shock,
terminated the stimulus, and started an interval during which the baseline appetitive schedule
was in effect. Not responding resulted in stimuli of random duration, which terminated with
a shock under one condition and without a shock under the other. Each subject was exposed
to several shock intensities, with trials for the two conditions programmed during alternate
portions of the session. In general, response frequency in the warning signal for either con-
dition decreased with increasing intensity; however, at a given intensity, responding was more
frequent in the stimulus invariably terminating with shock than in the stimulus terminating
without shock when no response was made. The frequency difference was greatest at intensities
intermediate between those producing minimal and maximal suppression.

Experimental findings suggest that a warn-
ing stimulus may be more aversive than the
noxious event it signals. The sense in which
this description has been interpreted is that
the rewarding effect of terminating the warn-
ing stimulus may successfully compete with
the punishing effect of the coterminous nox-
ious event. For instance, an experiment by
Kamin (1956) showed that termination of the
warning signal in the traditional shuttle-box
avoidance situation was sufficient to maintain
some non-maximal level of responding even
when such responding did not avoid shock. A
series of discriminated avoidance experiments
by Sidman and Boren (1957) and Sidman
(1957) showed that conditions may be devised
in which rats will respond at a higher rate to
postpone a warning signal than to postpone a
shock. In these studies, animals responded in
the dark to postpone onset of a light. If the
light was permitted to come on, responding in
its presence postponed shock. If a shock was
permitted to occur, darkness was reinstated.

'Partial report of a Ph.D. dissertation, Columbia
University, 1965. The author is indebted to Professor
Howard F. Hunt (sponsor) for his guidance and
support, and to Mr. James Towey for invaluable assist-
ance in conducting the experiment. The research was
supported by U.S.P.H. Service Grant MH 07279 to Dr.
Hunt and by and in the facilities of the New York
State Psychiatric Institute. Reprints may be obtained
from the author, New York State Psychiatric Institute,
722 West 168th St., New York, N.Y. 10032.

They found that when the response-light
interval was long, relative to the response-
shock interval in the presence of light, sub-
jects tended to wait for light termination at
the cost of the associated shock, and spent the
greater part of the session responding to post-
pone light onset.
The present experiment examined two

punishment contingencies under which warn-
ing stimuli may terminate with shock, as in
the avoidance experiments cited above. Under
both conditions the first response in the warn-
ing stimulus terminated it, and was accom-
panied by a brief shock. In the absence of a
response, warning signals terminated at some
random time after onset. Under one condition,
termed Unavoidable Shock (US), shock was
delivered at the termination., of the warning
stimulus when no response was made. This
condition is similar to that investigated by
Kamin, since every trial ended in shock
whether the subject responded or not. Under
the other condition, termed Avoidable Shock
(AS), warning signals terminated without
shock if no response was made. This condition
is comparable to a punishment contingency in
which shock is delivered after each response
and not otherwise. Between signals (inter-
stimulus interval) responding was maintained
on a positive reinforcement schedule, so that a
response in the presence of the warning stim-
ulus for either condition produced the onset
of this interval, as well as a shock.
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This feature, common to both experimental
conditions, means that suppression under AS
provides a baseline for evaluation of sup-
pression under US. Production of the inter-
stimulus interval, during which the appetitive
schedule is in effect, provides the same support
for responding in either warning stimulus, and
a response-produced shock provides the same
negative reinforcement. The difference be-
tween conditions lies in the consequence of
not responding, and so differences in response
frequency in the two conditions should reflect
differences in the conditioned aversiveness of
not responding in the warning stimuli. Ter-
mination of the warning signal by a response is
perforce termination of a period of no re-
sponse in the signal. The extent to which
this event contributes to response strength on
US trials may be evaluated by comparison with
AS responding, when waiting in the signal is
never shocked.
Many sources establish that the suppression

produced by punishment varies with shock
intensity (reviewed in Azrin and Holz, 1966;
and Church, 1963). Accordingly, subjects were
exposed to several intensities to obtain com-
parisons between the AS and US conditions
at different levels of suppression.

METHOD

Subjects
Six naive albino rats were housed in pairs

with food constantly available in the living
cages. They served in experimental sessions
on alternate days, with three animals, one
member of each pair, being run on a given
day. After each experimental session, subjects
were placed in a watering cage for 2 hr with
food and water available, and then returned
to the living cage. On days when an animal
was not run, water was available in the living
cage for 30 min at the same hour at which the
session was to begin on the following day.

Apparatus
Sessions were conducted in a two-lever

chamber enclosed in a sound-attenuating chest
(Lehigh Valley, #316 and #316C). Retractable
levers protruded through one wall of the
chamber with a water dipper (0.02 cc cup) lo-
cated midway between them at the base of the
wall. The levers required approximately 15 g
of force to activate the microswitch. Only the

right-hand lever was operative for experi-
mental consequences, and only responses on
this lever are reported. (Responding on the
non-functional lever was recorded. However,
no appreciable responding occurred except by
three of the subjects for a short period after
shock was introduced. Non-functional respond-
ing only occurred in the AS warning stimulus,
and inspection of the records revealed oc-
casional adventitious coincidence of a response
with termination of the AS stimulus by the
apparatus.)
The chamber could be illuminated with a

General Electric #304 miniature lamp shining
through translucent white paper covering the
rear Plexiglas wall. Additional illumination
was available through stimulus jewel lights
located directly above the levers. Auditory
stimulation could be provided through a
speaker located in the rear of the enclosing
chest. The grid floor of the chamber consisted
of 16 stainless steel bars, 3/16 in. in diameter,
which were connected to the output of a
Grason-Stadler #E1064GS constant current 60
cycle ac shock generator and scrambler. Two
walls and the levers served as an additional
electrode. Specification of shock intensity in
this report refers always to dial settings on
the shock generator.

Procedure
Subjects received seven sessions, 21/3 hr long,

of preliminary training on a variable-interval
schedule (VI 40-sec) of lever pressing for water
reward. Throughout preliminary training, and
during the interstimulus interval when the VI
schedule was in effect, the rear house light
was on and a Lehigh Valley #1524 noise
generator provided a continuous masking
noise. The stimulus for one of the punish-
ment conditions was a rapid (4 per sec) inter-
ruption of the noise level with no change in
illumination. The other stimulus was a re-
duction and change in the source of illumina-
tion with no change in the masking noise. For
this stimulus the rear light was turned off and
the two lights over the levers were turned on.
For three subjects the warning signal for the
US condition was the change in illumination,
and that for the AS condition the rapid inter-
ruption of the noise level. For the other three
subjects, these stimulus assignments were
reversed. Whenever either stimulus was on,
the VI reinforcement schedule was not in effect
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and any reinforcements available but not ob-
tained before stimulus onset were cancelled.
The sequencing of warning stimuli, re-

sponses, and shocks are schematized for the
US and AS conditions on the left and right,
respectively, of Fig. 1. During intervals be-
tween warning stimuli, responding was main-
tained on the VI baseline schedule. When a
warning stimulus was on under either con-
dition the first response produced a brief
shock (0.5 sec), stimulus termination, and the
onset of the interstimulus interval (top three
rows). Throughout the study, interstimulus
intervals were 1 min long. When no response
was made in the warning signal it terminated
with a shock under the US condition (lower
left), and without shock under the AS con-
dition (lower right). The termination of either
warning signal without a response was pro-
grammed by a probability generator (Lehigh
Valley #1485). In the presence of the stimulus
the probability generator was pulsed at suc-
cessive 6-sec intervals. The device was set so
as to pass, on the average, one in 10 input
pulses, and the first pulse passed terminated
the warning signal. This arrangement resulted
in a distribution of warning signal durations
which was roughly exponential in form with
a 1-min mean (, = T/P = 6 sec/0.1 = 1 min).
A maximum duration was fixed at 5 min.

Experimental sessions were divided into
four successive periods: two 10-min periods fol-
lowed by two 1-hr periods. In each portion,
only one of the two warning stimuli was pre-
sented. If, for instance, Avoidable Shock was

scheduled first, the AS stimulus came on as
programmed in Fig. 1 during the first 10-min
period, then the US stimulus during the next
10 min, the AS stimulus was again presented
for the next hour, and in the final hour, the
US stimulus was presented. The condition
programmed first in each session was alter-
nated from day to day. Thus, AS and US
alternated within each session and the starting
condition alternated from session to session.
The two 10-min portions at the start of each
session were included to allow for "warm up"
effects (Azrin 1956, 1959, 1960). Possibly be-
cause of the small number of trials during the
10-min periods, no reliable differences ap-
peared between these and later periods, and
so the data from corresponding portions of
the session have been pooled.

After preliminary training all subjects were
run for eight days with the shock circuit dis-
connected from the grid (0.0 ma). At 0.0 ma
both conditions are similar to a Chain: FR 1
or variable-DRO 60-sec, VI 40-sec. Production
of the interstimulus interval typically results
in a high level of response frequency in the
stimuli, from which suppression produced by
punishment may be observed.

After 0.0 ma, all subjects were given ex-
tended exposure to 0.2 ma (a minimum of 44
and a maximum of 88 sessions). Shock intensity
changes were then programmed for each sub-
ject which depended on the animal's perform-
ance at 0.2 ma and at later intensities. The
course of these experimental changes is de-
scribed in the Results.

AVOIDABLE SHOCK
(AS)

RESPONSE

Signal

Response JIi 41 L1 1..l....... .I

Shock

TIME 1min.

NO RESPONSE
Sign -l

Respons 1

Shock

Fig. 1. Schematic temporal specification for US and
AS. The sets of three lines represent the presence or

absence of warning stimulus, response, and shock;
both when a response occurs in the stimulus (upper
three rows), and when it does not (lower three rows).
The passage of time is from left to right.

RESULTS

Initial Suppression and Recovery
Figure 2 presents cumulative records for the

last day without shock (day 8), the first day
at 0.2 ma (day 9), the twelfth day at 0.2 ma
(day 20), and the last day at 0.2 ma (day 52)
for Rat 45P. Responding on the VI baseline
during the 1-min intertrial interval was re-

corded cumulatively and onset of the signal is
indicated by a deflection of the recording pen.

The pen remained deflected until the trial was
terminated. Response-terminated trials reset
the pen vertically downward; trials terminated
by the probability generator returned the pen

to its undeflected position.
Before shock was introduced, nearly every

stimulus under either condition was termi-

UNAVOIDABLE SHOCK
(US)
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RAT 45 P
Day 8 0.0 Ma
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Fig. 2. Cumulative records for one subject before shock (day 8), and during exposure to 0.2 ma (days 9, 20,

and 52). For each day, the upper record is the last hour under the AS condition, and the lower record is the last
hour under the US condition.
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nated immediately. These records are typical
of all animals at day 8. The next pair of
records, the first day at 0.2 ma, show severe
suppression under either condition both in
the warning stimuli and the interstimulus in-
tervals. Again, these records are typical of all
animals on the first day of shock. After 12 days
at 0.2 ma, unpunished responding during the
interstimulus interval had recovered to pre-
shock levels. Typically, responding stopped
abruptly at the onset of the warning stimulus
for either condition and resumed immedi-
ately after termination. Response-terminated
trials were less frequent than before shock was
introduced, and this suppression was greater
under the AS condition. By day 52, responses
occurred in more than 75% of the trials for
either signal, and again suppression remained
somewhat greater under the AS condition.
For instance, the steplike portion at the upper
right of the AS record indicates that the sub-
ject occasionally avoided shock when the
probability generator terminated the stimulus
relatively early. Under the Unavoidable Shock
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DAYS (LAST IN BLOCK OF FOUR)
Fig. 3. Response probability (the proportion of

response-terminated trials) in the AS and US con-

ditions before introduction of shock (0.0 ma), and
throughout exposure to the initial shock level (0.2 ma) .

Each point represents data pooled over blocks of four
sessions.

condition, waiting in the warning stimulus
was less frequent.
The relative frequency with which subjects

responded in the warning stimuli (response
probability) is plotted on the ordinate of Fig.
3 for five of the six animals. For the subject
not shown, responding was virtually elimi-
nated both in and out of the warning stimuli
throughout 44 sessions of punishment train-
ing. Subjects differed considerably in the rate
at which recovery occurred, and in the level of
responding eventually attained. But for all
subjects, after sufficient exposure to the two
contingencies, response probability was greater
in the US than the AS warning stimulus.
Recovery of unpunished responding in the

interstimulus intervals preceded somewhat the
recovery of punished responding (as in Fig. 2).
There was no consistent difference between
baseline rates in the US and AS portions
of the session, and rate relative to preshock
rate did not covary with the terminal level of
response probability. All subjects showed
marked suppression of interstimulus respond-
ing just before stimulus onset. The histogram
on the left of Fig. 4 presents the per cent of
total responding averaged over subjects during
successive quarters of the interstimulus inter-
val. On the right, individual gradients are pre-
sented. The discrimination of trial onset time
is evidenced by the degree to which histogram

4040
0 20 lii

z
040- 0 5
a-

1 st 2nd 3rd 4th 1 23 4
SUCCESSIVE QUARTERS Of THE

INTERTRIAL INTERVAL
Fig. 4. Distributions of appetitive baseline re-

sponding during the last four days at 0.2 ma, over the
interstimulus interval for the US and AS halves of the
session. Individual gradients have been pooled in the
gradient on the left.
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bars deviate from 25% in the last 15-sec period.
A comparison of the filled and hatched bars
reveals no differential interstimulus respond-
ing during the US and AS portions of the
session.
The lack of a contingency effect for ap-

petitive responding is perhaps not surprising,
since the contingencies were in force only dur-
ing warning stimuli. However, the latencies of
responses that occurred in the warning stimuli
also did not show a substantial US-AS differ-
ence. Generally, response latencies were quite
short for all subjects. Individual latency dis-
tributions for response-terminated trials for
the last four days at 0.2 ma showed a mode
below 6 sec and most frequently the median
lay below 6 sec also. The largest median
latency was 9.2 sec (Rat 43P, AS) and the
smallest was 4.8 sec (Rat 45P, US). For each
subject, median latency was shorter before
shock was introduced. The range of medians
at 0.0 ma was 3.8 to 5.2 sec.

In general, US latency was somewhat shorter
than AS latency, but the differences were very
small. The range of differences between US
and AS median latencies for the last four days
at 0.2 ma is 0.3 to 3.5 sec. The small size of
the latency difference bears on an interpreta-
tion of the response probability difference.

60 43P
80 _ 40 -

20 '*N-o
70 RESPONSES PER

OPPORTUNITY
US 0-* 60 r\45P

60 - AS 0-0 40 -

W' * RELATIVE 20
z 50 FREQUENCY

0 US JIMAS 80
C04Q ~~~~~~ 60
W40~~~~~~~4

I.- ~~~~~~~204P
Z 30 F.w
0

20 L20 BL

Fig. 5.4 Repos frqec atdfeetie fe

10 40 r\46NP
20 -

0 6 12- 182~430364 2 0 12 24 36
SUCCESSIVE 6 SEC. INTERVALS IN WARNING

STIMULUS

Fig. 5. Response frequency at different times after
signal onset as a proportion of the number of signals
at least as long (latency per opportunity). The data
are taken from the last four days at 0.2 ma and are
pooled over subjects for the plot on the left. The
histogram bars represent pooled relative frequency
distributions for response-terminated trials.

Given the exponential distribution of signal
durations in the absence of responding, typi-
cally longer AS than US latencies would
produce lower AS than US response probabili-
ties.- This is true because a long latency has
fewer opportunities to occur. In fact, however,
responses most frequently occurred within the
first 6 sec of either warning signal, and the
probability generator never terminated signals
of this duration. This point is clearer in Fig.
5, which presents latencies per opportunity.
The frequency of response-terminated trials
at different latency values is plotted as a pro-
portion of the number of trials that long or
longer. Along with the pooled gradients on
the left are pooled latency distributions (calcu-
lated for response-terminated trials only). The
severe skew evident in both distributions is
typical of individual subjects. Both US and AS
conditional probability gradients show a
tendency toward low response probability at
long durations, which reflects this severe skew.
The strong tendency to respond early in the
signal means that the number of long latencies
in either condition was small relative to the
number of trials of long duration.
The summary response probability measure

(Fig. 3) may be regarded as a weighted average
of points along each individual conditional
probability gradient. That is, P(R) = lPiWi,
where Pi is the probability of a response in the
ilk category given an opportunity, and Wi is
the relative frequency with which such oppor-
tunities occur. The US-AS difference evident
in the response probability measure is evident
in its components as well. The largest contri-
bution comes from trials of 12 sec or less, since
these first two intervals include more than
70% of the responses for each animal. How-
ever, the contingency effect is also discrimina-
ble at longer durations. The difference be-
tween the US and AS conditions appears to
affect whether or not responses occur, but not
the latency at which they occur.

Suppression at Different Shock Intensities
After the determinations at 0.2 ma, subjects

were run at several different shock intensities.
For four animals, response probability at 0.2
ma was relatively high in both conditions and
these subjects were moved to higher shock in-
tensities. For the fifth animal, whose response
probability was relatively low, shock intensity
was decreased.
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Data on latency to respond in the warning
stimuli and interstimulus interval responding
at different shock intensities did not differ
from the results presented for the 0.2-ma de-
termination. A Friedman two-way analysis of
variance by ranks was performed on median
latencies and interstimulus rates for both
punishment contingencies with p > 0.5 in all
cases. Latencies remained low even when re-
sponses in the warning stimuli occurred very
infrequently; and unpunished responding,
with one exception which will be noted, re-
mained at the 0.2-ma levels. Reductions in
rate occasionally observed at higher intensities
appeared to result from greater suppression
just before onset of the warning signal.
The frequency of punished responding, how-

ever, did vary with shock level. Figure 6 pre-
sents response probability as a function of in-
tensity. For the top four subjects, shock
intensities were run in an increasing order
and, for the lower subject, in a decreasing
order. The first two intensities after 0.2 ma
were run for 12 days each. Subsequent in-
tensities were run for eight days. Within the
limits of exposure studied, recovery was not
observed at intensities other than 0.2 ma. The
data points represent performance during the
last four days at each intensity.
For all subjects, response probability in the

AS condition varied inversely with shock in-
tensity. For four of the five subjects, response
probability in the US signal also dropped
with intensity but not as rapidly. One animal,
43P, showed no substantial reduction of re-
sponse strength in the US signal even at severe
shock intensities. This subject showed marked
suppression of responding between trials at
intensities above 1.0 ma, and direct observation
of the 2.5-ma determination seems worth re-
cording. Responses never occurred during the
warning stimulus for Avoidable Shock and
responding between AS trials was restricted
to the first half of the 1-min interval. Under
the Unavoidable Shock contingency, this
animal responded in over 80% of the trials.
Almost no responses occurred during the inter-
vals between trials, with the result that there
were more punished than unpunished re-
sponses during the US half of the session. The
shock at the end of each US stimulus was
accompanied by considerable jumping and
vocalization. After the trial was over, the sub-
ject would typically approach and lick the

dipper, which was dry, for several seconds and
then crouch immobile until the onset of the
next US warning stimulus.
For the other animals, the US function is

similar to that for AS except that it is dis-
placed upward in shock intensity. At low
levels of shock, animals frequently terminated
both signals, at intermediate levels response
probability was higher when shock was in-
evitable on every trial, and at sufficiently
severe shock, response probability was low in
both conditions. x2 comparisons of correspond-
ing US and AS points are significant at the 0.05
level for differences of about 0.06 at low levels
of response probability, and for differences of
0.04 at high levels of response probability.

Except for Rat 43P, shock intensity was
changed until US and AS functions appeared
to converge at some low level response proba-
bility for increasing intensity, and at some
high level of response probability for decreas-
ing intensity (Rat 45NP). Subsequently, ani-
mals were returned to 0.2 ma for a redetermi-
nation. A comparison of the squares with the
circles in Fig. 5 reveals that for animals that
received interpolated experience at higher in-
tensities, response probability upon redetermi-
nation was lower. For the subject that received
interpolated experience of lower shock intensi-
ties, redetermination values are higher for US
and the same for AS. The reduction in re-
sponse probability for the subjects receiving
interpolated higher intensities may reflect the
severity of the maximum intensity experi-
enced. Rat 46NP, which received the lowest
maximum intensity, showed the smallest re-
duction in response probability; Rat 45P,
which received a relatively severe maximum
intensity, showed a correspondingly large re-
duction in response probability for the rede-
termined values. In line with findings of
"behavioral inertia" in response to changes in
punishment intensity (Hake, Azrin, and Ox-
ford, 1967), suppression upon redetermination
is increased after exposure to a more severe
punishment intensity. Redetermination expo-
sures lasted a minimum of eight and maximum
of 28 days, and the reduced levels of respond-
ing were reliable over these periods.

DISCUSSION
The emergence of differential response

strength in the two warning stimuli is the
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Fig. 6. Response probability at different shock intensities. Intensity is plotted on a log scale and the abscissa

for Rat 45 NP has been shifted to the right.

central finding of this study. Punishment was

less effective in suppressing behavior when
shock was inevitable on every trial than when
waiting in the warning stimulus avoided shock.
Dinsmoor (1954, 1955) described in detail the
"avoidance hypothesis" as an explanation of
the suppression produced by punishment. In
the usual punishment procedure, the com-

pound of stimuli associated with performing
the response is the only such compound ever

paired with shock. The stimulus compound
associated with not responding is never paired
with shock and should therefore constitute
a reinforcing change from stimuli associated
with a sequence of behavior normally ending
in a response. Response suppression results

from interrupting such sequences, thereby pro-

ducing a change from "dangerous" to "safe"
stimulus compounds.
The existence of any suppression at all

under the two contingencies appears to require
some speculation about (unrecorded) behavior
leading to a (recorded) response, but the
difference observed between the AS and US
response frequencies does not strictly require
an analysis of this sort. A response in either
warning stimulus produced: (1) a shock,
(2) onset of the interstimulus interval during
which the appetitive schedule was in effect,
and (3) termination of the warning stimulus
or, equivalently, termination of a period of no
response in the stimulus. The two conditions
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are identical with respect to the negative re-
inforcement value of a response-produced
shock, and with respect to the positive rein-
forcement value of the onset of the inter-
stimulus interval. Periods of no response,
however, have had different histories in the
two warning stimuli. Irrespective of the
variety of behavior other than bar pressing
which subjects engage in during the warning
stimulus, periods without a response may be
expected to acquire some conditioned aversive-
ness in the US stimulus, and no conditioned
aversiveness in the AS stimulus. Responses
terminate such periods, and should reflect this
difference.
An alternative or supplementary view might

hold that the reinforcement for interrupting a
sequence of behavior normally leading to a
bar press, is less under the US than the AS
condition. Under AS, interruption of such
a sequence eliminates conditioned aversive-
ness; under US, some conditioned aversiveness
remains associated with any behavior what-
ever in the warning stimulus. If interruptions
occur more frequently in the AS stimulus one
might expect longer AS than US latencies.
While the latency difference is generally in
the appropriate direction, it is usually so
small as to provide little support for this
view. With the possible exception of latencies,
data relevant to this interpretation have not
been recorded here, and evaluation of the
role of aborted incipient responses must await
information on their actual occurrence.
The failure to find differential suppression

of interstimulus responding just before the
onset of the two warning stimuli may be re-
lated to the 6-sec minimum stimulus duration
in the absence of a response. Responding im-
mediately after signal onset produced shock
and signal termination, while not responding
produced neither. Contact with the difference
between the contingencies depends upon
sampling trials of at least 6-sec duration.
Thus, the onsets of the two stimuli may not re-
flect differences in conditioned aversiveness
which nevertheless appear after the trial has
began. The extent to which the distribution
and minimum interval of signal durations in
the absence of a response are parameters of
the amount of pre-signal suppression (Fig. 4)
and of the severe skew in the latency distribu-
tion (Fig. 5) are presently under investigation.
The US-AS difference evident in the con-

ditional probability gradients suggests that the
variability in duration when signals are ter-
minated by the apparatus results in differences
in conditioned aversiveness associated with not
responding at any stimulus duration.
The recovery of punished responding ob-

served after shock was introduced is consonant
with previous reports (Azrin, 1959, 1960;
Appel, 1963; Appel and Peterson, 1965; Azrin
and Holz, 1966). Recovery was usually more
rapid under the US condition (Fig. 3), but it is
not clear whether this is a function of the con-
tingency difference, the more frequent contact
with shock under US, or the higher terminal
level of responding under US. Recovery has
also been observed after increasing shock in-
tensity (Azrin, 1960; Hake et al., 1967). The
failure to find recovery at intensities above 0.2
ma may be related to the durations of exposure
to the higher intensities (12 and 8 days), al-
though these durations were sufficient to
observe recovery in some subjects after the
initial introduction of shock (Fig. 3). Recovery
has previously been found in experimental
arrangements in which responding produces
both shock and occasional positive reinforce-
ment and may reflect the acquisition, by shock,
of discriminative or secondary reinforcing
properties (e.g., Azrin and Holz, 1966). In the
discrete trial situations studied here, shocks
and water rewards were never delivered simul-
taneously, and so the recovery phenomenon
is not restricted to direct association of pri-
mary reward with the aversive stimulus.
The range of shock intensities spanning

minimal to maximal suppression is compar-
able to previous reports on punishment with
rats (Appel, 1963; Appel and Peterson, 1965),
with the exception of one subject. The Avoid-
able Shock function for Rat 43P is similar to
those obtained with the other subjects, but
this animal continued to respond in the US
stimulus at levels of shock more than double
those frequently used to condition non-
discriminated avoidance behavior (Boren, Sid-
man, and Herrnstein, 1959). It is not clear
what the parameters of this deviation are. It is
possible that at severe intensities, particular
topographies or modes of lever pressing re-
duced the aversiveness of a response-produced
shock relative to that of an unpredictable shock
delivered by the apparatus. Rat 43P appeared
to be solely under the control of shock and
signal termination at severe intensities, and
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its behavior seems similar to a recent report
on monkeys, of responding maintained by
shock (Morse and Kelleher, 1966).

For the other subjects, the US intensity
function shows the same downward trend as
that for AS. The interpretations put forward
above for the difference between conditions
do not explain, without adjustment, the
change in US response probability with shock
intensity. Whether the difference between
conditions results from a greater reinforcement
value for terminating US as opposed to AS
trials, or from a reduction in reinforcement
value for aborting an incipient response in
the US signal, the critical variable is the
difference between the aversiveness associated
with lever pressing in either warning signal,
and the aversiveness of periods of no response
in the US signal. The US intensity functions
suggest that the difference between these two
levels of aversiveness changes with shock in-
tensity.
Other sources may also contribute to sup-

pression at the higher intensities. Direct ob-
servation of the subjects suggested that at these
levels of shock, the US warning stimulus
elicited "freezing" behavior, similar to be-
havior observed in the "anxiety" paradigm
(Hunt and Brady, 1955). Also, shock frequency
may play a role. When responses occurred
early in every warning signal, subjects re-
ceived approximately 70 shocks per session in
each condition. When no responses were made
in either signal, no shocks occurred in the
AS condition, and about 35 shocks occurred
in the US condition. Particularly at relatively
severe shock intensities, suppression under
either condition may reflect a discriminable
reduction in shock density.
The responding for punishment obtained

under the Unavoidable Shock condition bears
some resemblance to human behavior col-
loquially described as "expiation", "facing the
music", and the like. When shock is inevitable
on every trial, subjects terminate the threat
of punishment at the cost of the punishing
event itself. They, so to say, "get it over with".
The utility of such a description, however, is
limited by the range of intensities at which

responding under US is maintained. For the
work presented here, threats are worse than
punishments only at levels of punishment just
worth avoiding.
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