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Three groups of albino rats were trained under a free-operant avoidance (Sidman) procedure
with equal shock-shock and response-shock intervals. After stable performance was achieved,
the animals were concurrently exposed to a brief electric shock after each response. The pro-
cedures were as follows: Punishment Schedule I: punishment shock was introduced at an
intensity approximately one quarter that of avoidance shock; increments of nearly this same
size were made as stable performance was achieved at succeeding punishment shock intensities.
Punishment Schedule II: punishment shock was introduced at approximately one-half the
intensity of avoidance shock; after stable performance, punishment shock was increased to the
same intensity as avoidance shock. Punishment Schedule III: punishment shock was introduced
and maintained at the same intensity as avoidance shock. Punishment was continued for all
groups until one of two suppression criteria was attained. All animals made fewer responses
and received more avoidance shocks as a function of increasing punishment shock. Half of the
animals under Punishment Schedule I required punishment shock higher than avoidance
shock to meet their assigned suppression criterion. A comparison of all procedures showed that
suppression was greater when punishment shock was initially at high intensity.

Azrin and Holz define punishment as "a re-
duction of the future probability of a specific
response as a result of the immediate delivery
of a stimulus for that response" (1966, p. 381).
This definition emphasizes function. Defini-
tions of punishment which relate only to pro-
cedure have proven to be unsatisfactory. A
number of experiments have shown that un-
der certain conditions, aversive stimuli will
increase the frequency of the response which
produces them. For example, McKearney
(1968) reported that a fixed-interval schedule
of shock presentation maintained a pattern
of positively accelerated responding in mon-
keys.
Most studies of punishment have focused on

responses developed and maintained on a
schedule of positive reinforcement. These
studies have generally shown that the rate of
a punished response decreases as the intensity

"This work was supported in part by a grant from
the University of South Florida Research Council. A
report of this study was presented at the 1968 South-
eastern Psychological Association Convention, Roa-
noake, Virginia. Reprints may be obtained from Robert
W. Powell, Department of Behavioral Science, Univer-
sity of South Florida, Tampa, Florida 33620.

of the punishing stimulus increases (Azrin,
1960; Appel and Peterson, 1965; Hake, Azrin,
and Oxford, 1967).

In the present experiment, a punishment
contingency was applied to a response being
maintained under negative reinforcement.
Lever-press responses produced an immediate
electric shock, while failure to make the same
response within a prescribed interval, also pro-
duced a shock. Thus, an aversive stimulus,
electric shock, was concurrently employed to
maintain and to suppress responding.

It has generally been found that the con-
current presentation of aversive stimuli dur-
ing avoidance conditioning increases respond-
ing. Sidman, Herrnstein, and Conrad (1957)
found that delivery of non-contingent shocks
during free-operant avoidance training in-
creased response rates. Appel (1960) alternated
periods of free-operant avoidance and pun-
ished extinction, with discriminative stimuli
in effect. The punished extinction procedure
initially increased response rate, but this was
eventually replaced by a low rate under ex-
tinction. Subsequently, the discriminative
stimuli were withdrawn and the two contin-
gencies produced equally high response rates.
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Kelleher, Riddle, and Cook (1963) employed
a multiple schedule consisting of positive re-
inforcement and avoidance. When a condi-
tioned suppression procedure was superim-
posed on the multiple schedule, response rate
increased under both components. This is op-
posite to the conditioned suppression effect
originally demonstrated by Estes and Skinner
(1941) and subsequently replicated many
times. Kelleher et al. (1963) demonstrated
that the increased responding they found in
their subjects was due to the unavoidable
shock.

Recently, several studies have applied pun-
ishment to a response being maintained under
negative reinforcement. Sandler, Davidson,
Greene, and Holzschuh (1966), for example
employed a discriminated avoidance proce-
dure and found that bar-press behavior
increased and avoidance efficiency decreased
as a function of increases in punishment-
shock intensity. A second experiment by
Sandler, Davidson, and Holzschuh (1966) em-
ployed a free-operant avoidance procedure
with punishment scheduled according to a
fixed ratio which decreased gradually from
FR 12 to FR 2. Punishment shock was one-
half the intensity of avoidance shock. Under
these conditions, response rates increased ini-
tially but were quickly replaced by reduced
rates. The number of avoidance shocks re-
ceived did not change appreciably even when
every other response was punished. Both of
the above experiments employed marmoset
monkeys as subjects.
The present investigation was undertaken

to study the effects of increasing punishment-
shock intensity upon the free-operant avoid-
ance responding of albino rats. A functional
definition of punishment was adhered to
throughout.

METHOD

Subjects
Ten male albino rats of the Wistar strain

were used; seven were experimentally naive
and three (A, B, C) had received previous
avoidance training. All of the animals were
six to nine months old at the start of the ex-
periment. They were housed in individual
cages in the department colony and had free
access 'to food and water throughout the ex-
periment.

A Gerbrands rat test chamber, 8 by 9 by
7.5 in., with a single lever at the center of one
end, 3 in. from the floor, was enclosed in a
sound-attenuated chamber. The experimental
program was provided by a series of Grason
Stadler electromechanical circuits. Electric
shock was provided by a 110 v ac shock source
which included 200,000 ohms in series with
the output. To provide for the delivery of two
different shock intensities within a session, a
special module was constructed. This con-
sisted essentially of a relay operated rheostat.
A lever press initiated the shock duration
timer which simultaneously opened the relay
so that the shock current was routed through
the rheostat. When the relay was closed the
shock current was not affected by the rheostat.
The module also contained a milliammeter
and a control knob which permitted adjust-
ment of the shock intensity. The shock was
scrambled to the grid floor of the test cham-
ber. Data were recorded by electromechanical
counters and a Gerbrands cumulative re-
corder.

Procedure
A free-operant avoidance procedure (Sid-

man, 1953) was used. Under this procedure,
there is a fixed time interval between the pre-
sentation of brief electric shocks in the ab-
sence of a lever press (shock-shock interval),
and each lever press postpones the next shock
for a fixed period of time (response-shock in-
terval). In the present case, the shock-shock
and response-shock intervals were each 20 sec.
The shock duration was 0.5 sec. Responses in
the presence of shock did not terminate it.
Experimental sessions were 45 min per day.

All animals were trained with an avoidance-
shock intensity of 1.25 ma. Training was con-
tinued until a stable level of performance was
achieved. Stability was defined throughout the
experiment as a range of 25 or fewer shock
occurrences over five consecutive sessions.
When this criterion had been met the punish-
ment contingency was introduced. Under this
condition each lever press immediately pro-
duced a 0.50-sec electric shock. Three sched-
ules of punishment were employed, with the
animals grouped accordingly.
Punishment Schedule 1. Six rats (A, B, C,

D, E, F) were initially exposed to a punish-
ment-shock intensity of 0.35 ma, which was
maintained until stable performance was
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again achieved. Punishment-shock intensity
was then increased in increments of 0.30 ma,
as stable performance was achieved at suc-
ceeding shock levels. The animal was exposed
to increasing punishment shock until it met
either of two arbitrarily assigned suppression
criteria: (a) 20 or fewer responses over two
consecutive sessions (Rats B, C, D); (b) Avoid-
ance of less than 10% of the scheduled shocks
over two consecutive sessions (Rats A, E, F).
Avoidance parameters remained unchanged
throughout the punishment procedure.
When the suppression criterion had been

met, Rats A, B, and E had the punishment
shock reduced to 0.65 ma. It remained at this
level until stable performance was achieved,
at which point it was reduced to zero. Rats C,
D, and F had punishment shock reduced to
zero after suppression. Assignment to the two
groups was again arbitrary. All animals were
exposed to the avoidance contingency for a
minimum, of 10 sessions after the punishment
shock was withdrawn. If some recovery of re-
sponding occurred during this period, experi-
mental sessions were continued until perform-
ance stabilized.
Punishment Schedule II. Two rats which

had been exposed to Schedule I (C, F) and
two previously naive animals (K, M) were em-
ployed under this schedule. The previously
punished animals were given additional avoid-
ance training. After stable performance was
achieved all animals were exposed to punish-
ment shock of 0.65 ma. This contingency was
maintained until stable performance was
again achieved, at which point punishment
shock was increased to 1.25 ma. Punishment
was continued at this intensity until ani-
mals met the suppression criterion of avoid-
ance of less than 10% of the scheduled shocks
over two consecutive sessions. Punishment was
also terminated if the animal failed to reach
this criterion in 20 sessions.
The two previously naive rats (K, M) were

exposed to reduced punishment shock after
suppression. Albino M had punishment shock
immediately reduced to zero, while Albino K
was expose(l to 0.65-ma punishment before
punishment shock was withdrawn. These con-
tingencies were again maintained until stable
performance was achieved at the respective
intensities.
Punishment Schedule III. Two rats which

had been exposed to Schedule I (A, E) and

two previously naive animals (J, L) were em-
ployed under this schedule. The previously
punished animals were given additional avoid-
ance training. After performance istabilized,
all animals were exposed to a punishment
shock of 1.25 ma. This contingency remained
in effect until the animal met the criterion for
suppression by avoiding less than 10% of the
scheduled shocks over two consecutive ses-
sions. Following suppression, Albino L had
punishment shock withdrawn in accord with
the two-step procedure (0.65, 0.0 ma). Albino J
could not be run under the reduced punish-
ment condition, having died in an accident
unrelated to the conditioning procedure.

RESULTS

Punishment Schedule I
Five of the six animals showed increased

responding during the first punishment ses-
sion; the results for this session are shown in
Table 1.

Performance for the
Table 1

First Session under Punishment

Change
in

Change Avoid-
in Re- ance
sponses Shocks
over over

Mean of Mean of
Five Pre- Avoid- Five

Re- vious ance Previous
Subject sponses Sessions Shocks Sessions

Alb A 665 +316 21 +5
Alb B 192 -381 88 +72
Alb C 578 +261 15 -18
AlbD 287 +28 88 +7
Alb E 531 +188 28 -6
AlbF 783 +393 70 +42

This effect rapidly attenuated, however, so
that all animals showed reduced response
rates as a consequence of the 0.35-ma punish-
ment shock, when the criterion for stable
performance was achieved. Each subsequent
increase in punishment shock produced con-
sistent decreases in responding and increases in
avoidance shocks for all animals. These data
are presented in Fig. 1.

It can be seen that three of the rats (B, D,
E) met their assigned suppression criterion at
a punishment-shock intensity of 1.25 ma. Two
others (A, F) met their criterion when punish-
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PUNISHMENT SHOCK INTENSITY (ft&)
Fig. 1. The mean number of responses and avoidance shocks for each animal over the final three sessions at each

punishment-shock intensity. The data points for Albino A at 1.55 ma represent the mean over two sessions.

ment shock was increased to 1.55 ma, while
the final animal (C) did not display criterion
performance until punishment shock was in-
creased to 2.15 ma. As it turned out, the cri-
terion of 20 or fewer responses over two con-
secutive sessions was the more difficult to
achieve. All of the animals except Albino C
avoided less than 10%'M of the scheduled shocks
while still making more than 20 responses per
session.
The cumulative records for one animal (A)

at each final session during increasing punish-
ment shock are presented in Fig. 2. The record
for the.first day of punishment shock at 0.35
ma is also presented. These records, which
are typical, show that the punishment proce-
dure gradually suppressed responding. The
distribution of responding within a session
was not significantly altered. The initial pre-

sentation of punishment shock produced
bursts of responding, but this effect attenuated
over the course of the session.
When punishment was withdrawn, the ani-

mals showed varying degrees of recovery in
relation to their pre-punishment performance.
These data are shown in Fig. 3 with the points
at the extreme right representing asymptotic
pre-punishment performance.
These data show that the animals subjected

to the more stringent suppression criterion (B,
C, D), i.e., making 20 or fewer responses over
two consecutive sessions, made the smallest
degree of recovery. Rats B and D, in fact,
showed no recovery at all over the period
studied. On the other hand, the animals ex-
posed to the suppression criterion of less than
10% avoidance effectiveness (A, E, F) showed
a much higher degree of recovery in terms of
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Fig. 2. Cumulative records of the last session at each shock intensity during increasing punishment shock for
Albino A. The record for the first day of punishment shock at 0.35 ma is also presented. Avoidance shocks are
indicated by the downward displacements of the response pen.

both number of responses and avoidance Table 2
shocks. Whether the animal had punishment The number of sessions at each punishment shock
shock reduced in one or two steps seemed to intensity.
exert no differential effect in terms of the de- Subjects 0.0 035 0.65 0.951.251.551.85 2.15 0.65 0.0
gree of recovery eventually achieved.
The number of sessions at each punishment- Punishment Schedule IAlbA Sessions 20 6 9 12 2 7 11shock intensity is given for each subject in Alb B Sessions 14 12 8 3 14 11

Table 2. It can be readily seen that the sta- Alb C Sessions 19 5 9 14 5 6 6 23
bility criterion was generally achieved more Alb D Sessions 12 11 5 13 13
quickly as the punishment-shock intensity was Alb E Sessions 16 11 10 5 9 7
increase. Alb F Sessions 14 14 9 5 5 7increased.
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PUNISHMENT SHOCK INTENSITY (IR1.)
Fig. 3. The mean number of responses and avoidance

shocks for each animal over the final three sessions
with decreasing punishment shock. The points plotted
at 2.15, 1.55, and 1.25 ma represent the mean over the
final three sessions before punishment shock reduc-
tion. The data points at the extreme right represent
the asymptotic pre-punishment performance for each
animal.

Punishment Schedules II and III
The data for these two groups are presented

together to facilitate comparison. The num-
ber of responses and shocks emitted by and
delivered to each animal in the two experi-
mental groups over the last three sessions at
each punishment shock intensity is shown in
Fig. 4.
These data show a marked suppression of

responding for all animals with punishment
shock introduced at 0.65 ma. The rats not
previously punished (K, M) also received
many more avoidance shocks. On the other
hand, the previously punished. rats (C, F)
showed essentially no change in avoidance
shocks received. All rats, except Albino C,
showed marked decreases in responding dur-
ing the initial punishment session. Albino C
showed a slight increase. These results con-

trast with those of Punishment Schedule I,
where four of the six animals showed signifi-
cant increases in responding during the initial
punishment session.

When punishment shock was increased to
1.25 ma, three of the four animals met the

criterion for suppression by avoiding less than
10% of the scheduled shocks over two consec-
utive sessions. It is interesting to note that
Albino F failed to meet this same criterion
under Schedule I until punishment was in-
creased to 1.55 ma. Albino C did not meet
the suppression criterion with punishment
shock at 1.25 ma, even though it was exposed
to this contingency for 20 sessions. This ani-
mal required punishment shock of 2.15 ma
before meeting the criterion for suppression
under Schedule I.

All animals in the group that had punish-
ment shock introduced at 1.25 ma showed an
immediate reduction of responding to almost
the zero level. This effect can be seen clearly
in the cumulative records of the final unpun-
ished session, and the initial punishment ses-
sion for Albino L, which are presented in
Fig. 5. All animals met the suppression cri-
terion in the minimum number of sessions.
This group also included one animal (A) that
required punishment shock higher than avoid-
ance shock to meet the suppression criterion
under Schedule I.

In the three animals studied under condi-
tions of reduced punishment shock, two (K,
L) had shock withdrawn in two steps (0.65,
0.0 ma), while the third (M) had punishment
shock reduced to zero immediately after sup-
pression. This latter animal showed complete
recovery of avoidance responding to the pre-
punishment level. On the other hand, of the
animals exposed to a two-step reduction in
punishment shock, Albino K showed only par-
tial recovery avoidance responding and Al-
bino L showed no recovery at all over the
period studied.

Table 3 shows the number of sessions at
each punishment-shock intensity for each ani-
mal.

Table 3
The number of sessions at each punishment shock
intensity.

Subjects 0.0 0.65 1.25 0.65 0.0
Punishment-Shock Intensity (ma)

Punishment Schedule Il
Alb C 8 20
Alb F 14 7
Alb K 6 2 10 10
Alb M 7 2 6

Punishment Schedule III
Alb A,E,J 2
Alb L 2 10 15
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Fig. 4. The mean number of responses and avoidance shocks for each animal in the two groups over the final

three sessions at each punishment-shock intensity. The data points for Albinos A, E, J, K, L, and M at 1.25 ma
represent the mean over two sessions.

These data show clearly that the suppres-
sion criterion was achieved much more

quickly when punishment shock was presented
initially at 1.25 ma, as compared to presenta-
tion at this intensity after punishment with
lower shock intensities.

a
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DISCUSSION
The present results show a functional rela-

tionship between response suppression and
punishment-shock intensity with responding
being maintained by a negative reinforcement

L
15 MINUTES

Fig. 5. Cumulative records of the last unpunished session and the first punishment session for Albino L. Avoid-
ance shocks are indicated by the downward displacements of the response pen.

500'
420

0 340
zo 260
0-

y 180

100.

20'

115

95.

C 75-0
(A 55-

35

15'
0.0

rrrT' I .................. .. I

155

0.0
rf-..

..tv
1*25.,ovow



ROBERT W. POWELL and GRANT MORRIS

contingency. All of the animals showed system-
atic decreases in response rate and increases in
avoidance shocks received as a function of in-
creasing punishment-shock intensity. These
findings are in essential agreement with the
results of experiments in which the effects of
punishment shock upon positively reinforced
responding were studied (Azrin, 1960; Appel
and Peterson, 1965; Hake et al., 1967). They
contrast with the results of experiments in
which "free" or unavoidable shocks were con-
currently presented during avoidance train-
ing. This procedure resulted in increased re-
sponding (Sidman et al., 1957; Kelleher et al.,
1963). This difference in effect would seem to
relate to the contingency between response
and shock which existed in the punishment
experiments, as opposed to the non-contingent
presentation of shock in the other experiments
cited. McKearney's (1968) recent finding, that
a fixed-interval schedule of electric shock pre-
sentation maintained a pattern of positively
accelerated responding in monkeys, further il-
lustrates the importance of the contingency
between stimulus and response. McKearney
originally trained his animals under a free-
operant avoidance procedure. A 10-min fixed-
interval schedule of electric shock presentation
was then added concurrently, and had little
effect on the pattern of responding. When the
avoidance schedule was eliminated, the fixed-
interval schedule of shock presentation pro-
duced a pattern of positively accelerated re-
sponding quite similar to that seen under
fixed-interval schedules of reinforcement.
McKearney pointed out that two of the most
important determinants of the effects of a
stimulus are the manner in which its presen-
tation is related to responses, and the rein-
forcement history of the subject.
The present results also showed that a pun-

ishment shock introduced at a particular in-
tensity will have a greater suppressive effect
upon responding than the same intensity after
exposure to lower shock intensities. These
data similarly suggest that the more gradual
the increase in punishment intensity, the less
effective any particular intensity will be in
suppressing responding. This is essentially
what Miller (1960) found relative to the effect
of increases in punishment shock upon posi-
tively reinforced responses.
Under Schedule I, which involved small

increases in punishment shock intensity, three

of the six animals required punishment shock
higher than avoidance shock in order to meet
the suppression criterion. When exposed to
the schedules employing larger increments in
punishment shock, two of these animals met
the suppression criterion with punishment
shock equal to avoidance shock. All of the
animals initially exposed to the schedules em-
ploying larger increments in punishment
shock, met the suppression criterion with
punishment shock and avoidance shock equal.
It would appear then, that gradual increases
in punishment shock may sometimes generate
behavior which could be described as self-
aversive.
The degree of recovery after punishment

was withdrawn was found to be a function of
the degree of response suppression imposed by
the punishment. The three animals (B, D, L)
that displayed the highest degree of suppres-
sion showed essentially no recovery over the
period studied. Hake et al. (1967) also found
that spontaneous recovery was delayed or ab-
sent after complete suppression. They found
it necessary to reinstatse responding by shaping
with four of their animals. All of the animals
eventually recovered pre-punishment rates.
The difference between the Hake et al. results
and those of the present experiment may re-
late to either of the following points: (a) No
procedure analogous to reshaping was em-
ployed in the present experiment. (b) The
behavior was not studied over as long a period
in the present experiment. The animals that
retained the highest response rates (A,E,F,M)
in the present experiment showed rapid re-
covery to levels which approximated their pre-
punishment performance. This was true even
though the punishment shock severely dis-
rupted' the effectiveness of their avoidance
responding.
The present findings, relative to the perma-

nence of response reduction, are therefore in
general agreement with the results of earlier
experiments which examined this effect after
punishment of positively reinforced respond-
ing (Azrin, 1960; Appel, 1961).
In summary, it can be said that the effects of

punishment examined in the present experi-
ment, which involved negatively reinforced
responding, conform very closely to the results
of experiments which have studied the same
punishment effects relative to positively rein-
forced responding.
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