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ABSTRACT

THE ROLE OF THE BAR IN THE ACQUISITION

OF BAR PRESS AVOIDANCE

by Edward Rea Christophersen

A considerable amount of research has been devoted to the bar
press avoidance situation in rats, Specifically, numerous investi-
gations have been made in an effort to discover any variable which
would account for the relatively poor avoidance performance in the bar
press situation as compared to avbidance performance in a wheel-
turn or shuttle basr situation,

The present experiment, based upon intensive pilot work, examined
the effect, upon performance, of pairing the presentation of a
retractable bar with the buzzer (CS). Three groups of six subjects
were run in an automated bar press avoidance apparatus. Control
group | resembled the typical avoidance schedule in which shocks are
presented at fixed intervals unless a bar press Is made, in which
case the next shock is postponed. The bar, for control group |
was always in the extended position,

The conditions for the experimental group were identical to
control group 1 except that the bar was extended with the onset of the
CS and retracted with the termination of the CS, i.e., the bar was
present only when the CS was being presented.

Control group 2 was similar to the experimental group except
that, the bar, in addition to being presented with the CS, was
presented irregularly throughout the experimental session.

Subjects were said to have reached criterion performance when
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they avoided 95% of the shocks two sessions in a row.

The results indicated that the pairing of the presentation
of the bar with the CS yielded significantly better performance
than having the bar present throughout the session. The slowest
subject in the experiment group reached criterion one session before
the fastest subject in control group 1. It was suggested that these
results could be atributed to (1) eliminating bar-holding, (2)
eliminating non-reinforced bar presses, or (3) the discriminative
stimulus properties acquired by the bar thru repeated pairing
with the buzzer and the shock.

A group with an intermittently presented bar was included in
an effort to differentiate between the first and third possibilities.

The data indicated that the Introduction of the bar was a strong cue.
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Introduction

Discrimination avoidance procedures are used extensively by the
behavior scientist. In such procedures, an animal is trained to
perform a response in the presence of a stimulus which signals the
occurence of a noxious stimulus, such as shock, noise, wind, or a
strong light. The response, which may consist of bressing a lever,
or of running from one side of an alley to the other, terminates the
signal and prevents the onset of the noxious stimulus, However, the
reported difficulty of establishing a discriminative avoidance habit
with rats in a lever-pressing apparatus severly limits the use of
this favored experimental technique.

Numerous investigations have been undertaken in an effort to
identify the variables which account for the poor performance in
bar-press avoidance; for example: the role of the tone-shock pairing
in warm up, the role of the response in warm up and the role of shock
intensity in warm up (Hoffman, Fleshler, and Chorny, 1961); the length
of ITI and the length of the CS-UCS interval (Meyer, Cho, and Weseman,
1960) ; UCS intensity (Stone 1960; Kimble, 1955; Boren, Sidman, and
Herrnstein, 1959); UCS duration (Chapamn and Bolles, 1964); CS
termination verses UCS termination (Kamin, Campbell, Ryan, and Walker,
1959); the effect of sensory feedback,>post-response time, and reduction
of the shock density (Bolles and Popp, 196l4); systematic variation of
the interval between the response and the onset of the pre-shock
warning signal (Ulrich, Holz, and Azrin, 1964); avoidance with

inescapable shock (Hurwitz, 1964). All of these studies, however,



have yielded essentially negative results.

There has to be some kind of procedural difference to account for
good avoidance learning in the shuttle box or jump-out box while
avoidance learning in a bar press situation remains so poor. Pilot
work was conducted in an effort to find an explanation for this
difference by attempting to get good bar press avoidance.

One of the findings of the pilot work was that the rats tended to
hold the bar down during the response-shock interval(only the initial
depression of the lever counted as a bar press response, holding
counted as only one response). A search of the literature yielded a
number of studies which reported this same finding. Dinsmoor, Matsuoka,
and Winograd (1958) examined bar-holding specificially. Their data
supported the hypothesis that holding behavior is maintained in part
by its preparatory function, i.e., sequences of behavior in the escape
situation indicated that animals turned tﬁe shock off more quickly on
trials when they were holding the bar down at the onset of shock than
on trials when they were off the bar. Anger (personal communication,
1965) has found that rats on a Sidman avoidance schedule hold the bar
as much as 60% of the time,

In the avoidance situation, any time the bar is pressed prior
to the onset of the noxious stimulus, the noxious stimulus is avoided.
But what of the situation where the subject holds the bar down for two
trials in a row? The first trial is counted as an avoidance response
and postpones the shock, but on the second trial the subject is shocked
for essentlally the same response (continuing to hold the bar down).
The present study was designed to see what would happen if the subject

were not allowed to respond without reinforcement during the safe period
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Thus, all responses which were made were reinforced., This was
accomplished by using a retractable lever, The lever was in the
test chamber only when a bar press could be reinforced; its intro-
duction acted, then, as a conditioned stimulus. It was thought
that the prevention of bar-holding, coupled with the discriminative
properties (if any) of the presense of the bar and the prevention
of any '‘unrewarded'' bar presses, would yield significantly better
bar press avoidance learning than had previously been demonstrateq.
Two groups of subjects were run under identical conditions except
that, in the experimental group the bar was retractable and in the
control group | the bar was present all the time. A third group was
run in an effort to differentiate between bar-holding, as such, and

the discriminative properties accompanying the introduction of the bar.



Method
Subjects
Eighteen male albino rats, approximately 90 days old, were

housed in individual cages and allowed free access to food and water,

Apparatus

The experimental space measured (9'' x 10" x 123" high). Three
sides were constructed of wood; the top and the door were of clear
plastic, allowing unrestricted observation of the Ss. The top was
mounted on switches so that when the subject hit the top, shock was
terminated, i.e., a ''top hit'" served as an escape response. The floor
of the compartment consisted of stainless steel rods, 3/32 in. in
diameter and spaced .5 in, apart. A G.E. 313 bulb (1.7 amp) on the
back wall on the enclosure illuminated the chamber during the sesslons.
The response lever was a Lehigh Valley Electronics Model 1405M
Retractable Lever; it was located 2 in., above the grid floor. A
clearly audible non-aversive buzzer served as the warning signal (CS).
The CS-UCS interval was 5 sec, The experimental compartment was
contained within a sound attenuating chest. A blower served as a
masking noise and as a ventilator.

Direct current shocks (100 volts) 1.5 ma in intensity were
delivered through the grid floor until the bar was pressgd or until
5 seconds elapsed, whichever occurred first. An Applegate constant
current stimulator generated the shocks through a polarity scrambling
circult of the type devised by Hoffman (1962).

Bar presses were ‘''rewarded' by termination of the CS and UCS
(if on) and also by turning on a safe light (23in. above the bar)
which denoted the ''safe period'", i.e., absense from shock.

L



Procedure

Experimental Group. During the first four sessions, the
subjects (Ss) were trained to respond by placing them in the
apparatus with the bar extended. After 25 sec. the buzzer was
presented. |If no bar press occurred within 5 sec. the shock was
introduced. If no bar press or ‘'top hit' occurred, the CS and UCS
were terminated at 5 sec., 2 sec. were allowed to elapse, and the
CS was presented again. When a bar press occurred, the CS or CS
and UCS were terminated, the bar was retracted, and the ''safe light"
was turned on. The safe period duration was 25 sec., after which the
bar was reintroduced, 2 sec. elapsed, and the CS was represented,

On session 5, and all later sessions, the bar was introduced
when the buzzer came on, stayed in as long as the buzzer was on,
and was retracted when the buzzer was terminated.

The response-shock Interval of 32 sec., the shock-shock interval
of 7 sec., and the 25 sec. safe light remained constant. The sessions
lasted either 2 hours or until 100 shocks had been presented, which-
ever occurred first,

All bar presses turned on the safe light but only those bar
presses occurring prior to the onset of the shock were counted as
avoidance responses, i.e., if the bar were pressed while it was being
retracted, there was immediate cessation of shock concurrent with the
onset of the safe light.

All Ss were run until they had reached the pre-set criterion of

95% avoidance or above for two sessions in a row.



Control Group 1. The treatment was identical to the experimental
group except that the bar was always extended, i.e., it was never
retracted, All Ss were run until they had reached criterion; those
Ss not reaching criterion by the 11th day were discontinued.

Control Group 2. The treatment was identical to the experimental
group except that the bar was extended and retracted according to the
schedule listed In Table 4 of the Appendix. Also, on every trial,
the bar was extended with the buzzer onset and retracted with the
buzzer termination. The safe period was divided into 4 sec. segments
during which the bar was either extended or retracted according to the
schedule,

Both the experimental and the control group subjects also had
available, as an escape response, a ''top hit''. That is, if the

subject, while being shocked, hit the top, that shock was termlnated.l

An additional experimental group was run, at a later date, without
the ''top hit'' escape response. The rate of acquisition, however, was
similar to the present experimental group. The difference between
shocks prior to reaching criterion was not significant (t=,223, df= 7,

.""50) R > oh’O) P’






Results

Figure | shows the mean percent avoidance T one standard
deviation for the experimental group and control group 1 (bar
always extended). The entire experimental group was avoiding at
least 95% of the shocks on the sixth and seventh day. Two subjects
of control group 1 reached criterion on the eighth day. All other
subjects from control group | reached criterion after the eighth
session. Figure 2, a frequency polygraph of sessions to criterion,
shows no overlap between the two groups. It should be noted that
three of the control group 1 subjects had not reached criterion by
the 11th session and were discontinued.

A t-test was run on those subjects which reached criterion to
determine the significance of the difference in the number of shocks
to criterion (t=2.87, df= 10, .010> p > .005). (See Appendix,
Tables 1 and 2). The experimental group subjects had significantly
fewer shocks prior to reaching criterion.

Figure 3 represents the rate of acquisition of bar press
avoidance for individual subjects in control group 2. The subjects
with a high level of avoidance were discriminating between the
buzzer CS and the introduction of the bar. (See Appendix, Table 3).
Excess bar presses were gradually eliminated, over sessions, in
these subjects. However, two subjects showed little or no avoidance
learning and no discrimination. Because of the high inter-subject
variability, control group 2 was not compared directly with the
experimental group or control group 1.

Figures 4 and 5 represent, respectively the rates of

acquisition for individual subjects in the experimental group and

in control group 1.,



*| dnoub |043u0d pue dnosb |ejuswjiadxs 2yl 40j ‘uojirejAap

piepuels suo = uesw ‘aduepjoAe juadsad jo uosjsedwodr y | °*bi4

: (4holf{-2) SUuaISSIY
/ @ 6 8 L 9 s ¥ € 2 f

L v A J v L . v g

T dnoug) 4oy — — —
dnosg sppusunsedry —

A

A

'\

8 R 3 B @ R 8§ =
2/ ;:amayyanv»fuaqu ubay

S
o\

00/



*Uo)SSas 1Byl U] UOLJIa3L14D paydoeas eyl dnoub

aAj31dadsaus uad s3da(qns jo saqunu syl sjuasaadas Jujod yoe3

*{ dnoidb [os3u0d> pue dnoib |ejuswjiadxe 8yl 40y UO}I3I|JD
buiyoseas 03 Jo0)ad suojssas jJo saqunu a3yl 4o uositedwod y °z °6)4

NOIY3L1I¥) 0L SNOISS3S

U1 ol 6 8 L 9 S | £
SN
‘ /
j \
j X
/ \
/ \
/ \
/ v
/
/
/
¢

| dnou9 (043uU0) . 4
dnou9 |ejusw}.adX] e——Q

AJN3IND3Y4



*Z dnoin |043u0) u} 3Idafqns |enpjA|pu|
yoea 10j 9duepjoAe ssaud ueq jo uojljsinboe jo @Lley *¢°614

(4noy-z) SNOISS3S

it

ot

6

8

L

9z-J

9Z-3

-

£2-9

—

ld\

\o —

ol

114

o€

o

0S

09

o/l

08

06

IN3J¥3d

JINVAI0AY

10



*dnoub
|ejuswjiadxe ayl uj 32afqns |enpjAjpuy yoes
10j @duepjoAe ssaad ueq jo uojljsinboe jo ?ley °4 °by4

(4noy-z) SNOISS3S

ol 6 L 9 S. Y ¢ [4 l

q o0

L J ) ] RJ L v

iom
4 on

4 05

A

09

oL

08

P 001

3INVAI0AV 1IN3J¥3d






°| dnoab |o43u0d u} 329[qns |enplAlpul
yoea 1oy @duepjoAe ssaud seq o uoiljsinboe jo sjey G *b614

(4noy-z) SNOISS3S
i ol 6 8 L 9 S 4 € z |

.z Y v 2 ™ v 14 v  § v 4

ol

(114

o€

0%

0S

09

ol

08

06

001

IN3JY¥3d

3JINVAIOAY

12



W



Discussion

fhe data reported here have demonstrated that it Is possible to
achieve a high percentage of avoidance in the bar press situation.

The control condition in which the bar was always extended was similar
to previous work with bar press avoidance. The method and the apparatus
were meant to reflect previous findings that resulted in better bar
press avoidance. For example: Myers (1962) demonstrated superior
learning with a buzzer warning slénal over a light or a tone; Ulrich,
Holz, and Azrin (1964) found that the use of a warning signal

reduced the number of shocks received; Chapman and Bolles' (1964)

data argued for shock durations longer than brief shocks of ;2 to .3
sec., hence the present study incorporated a 5 sec. maximum duration;
Dinsmoor, Hughes, and Matsuoka (1958) found that learning was better

if the subjects were required to released the bar, i.e., holalng did
not count as a response on the next trial, this was incorporated in the
present work; Boren, Sidman, and Herrnstein (1959), found that
acquisition of the avoidance response was facilitated by using shocks
levels above 1.2 ma hence the present use of 1.5 ma. An additional
variable, the''safe light'', was suggested by the findings of Ulrich,
Holz, and Azrin, 1964, All of the above mentioned procedural variables
were included in control group 1.

The experimental group was identical to control group 1 except
that the bar was extended with the warning signal and retracfed when the
warning signal terminated. This manipulation clearly facilitated the
acquisition of the bar press response in an avoidance situation. This
facilitation can be attributed to several possibilities: (1) elimin-
ating bar-holding as a competing response, (2) eliminating non-

13



reinforced bar pressed, i.e., those bar presses that occur outside
of the CS-UCS interval, and (3) the discriminative stimulus properties
acquired by the bar thru exclusive pairing with the buzzer and the shock.

The group with the intermittently presented bar was included
in an effort to differentiate between the first and third poss-
ibilities. The data didn't shed much light on possibilty (1),
but did indicate that the introduction of the bar was a strong cue.
Further consideration of the discriminative properties of the bar led
to the examinatlion of the training procedure for the group that had the
bar extention paired with the buzzer., The warning signal came on
and the bar was extended. When 5 sec. elapsed without a response,
the shock was delivered. The bar remained extended until it was
pressed; when pressed, the bar was retracted and the safe light was
turned on for the safe period. The bar, in this situation, is used
in a way similar to the way Ulrich, Holz, and Azrin (1964) used the
warning stimulus, i. e., the warning stimulus stayed on (the bar was
in) until the response had been made so that, in agreement with
Azrin, Holz, Hake, and Ayllon (1963), the safe period was made
contingent upon a specific response and the safe period was selectively
associated with the absence of shocks,

The data from the present investigation are handled nicely by
elicitation theory. In terms of elicitation theory (Denny and
Adelman, 1956) conditional fear or anxiety results from the consistent
fashion with which the automomlc responses accompany the attempt to
escape. Cessation of the aversive stimulation, in this case, the bar

press, elicits a relaxational - approach response which is incipiently

14



conditioned to the immediately preceding stimuli of the bar press
and the warning stimuli. With continued trials the relaxational-
approach response is consistently elicited and thereby strongly
conditioned to the stimull accompanying the bar press. The animal
is not allowed to relax for sufficient time to allow extinction to
occur because the relaxation cues come to be associated with the
safe light., On those trials where the subject continues to relax
after the termination of the safe light, relaxation is punished by
the onset of the warning stimulus and the introduction of the bar,.
The present procedure allows the subject to relax, during the safe
light but terminates the relaxation with the beginning of the next

trial,

15
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Schedule of Bar Presentations for Control Group2.
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