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Shock-frequency reduction and avoidance behavior
in a running wheel*

CHARLES R. CROWELL
McMaster University, Hamilton , Ontario, CanadaL8S 4k1

The effect of response-contingent shock-frequency reduction upon the strength of a
locomotor avoidance response was studied in a three-phase procedure. In the first and third phases, a
locomotor response resulted in a reduction in the probability of shock per 2-sec interval from 0.5 to O.l.
In the second phase, however, the probability of shock was fixed at 0.5, regardless of locomotor
behavior. It was observed that Ss started Phase 1 with a relatively strong tendency to perform the
locomotor response that was maintained throughout that phase. In the second phase, locomotor
behavior declined to a near-zero level while substantial recovery of the response tendency was noted in
the final phase. Whereas these results are consistent, in some respects, with the supposition the
shock-frequency reduction can serve as a source of negative reinforcement, the failure to observe an
initial increase in performance during Phase 1 suggests an alternative interpretation of the present results.

Herrnstein and Hineline (1966) proposed and tested a
novel avoidance-conditioning procedure. In their
experiment, shocks were progranuned to occur at 2-sec
"step" intervals with a certain probability. The
probability of shock per step at any given time was
determined by whether a response or a shock had
occurred most recently. Typically, although not always,
a higher probability of shock was delivered if a shock
had occured last (postshock schedule). Following a
response , the probability of shock was reduced
(postresponse schedule) until the next programmed
shock occu red at which time the probability in effect
reverted to the higher value again. On the average, this
schedule provided a reduction in the frequency of shock
following a response that was proportional to the
difference in the two probability values. If the two
probabilities were equal then no reduction in the
frequency of shock occurred, on the average.

In their experiment, Herrnstein and Hineline explored
the effects of several pairs of probability values and
noted that the strength of a barpress response in rats was
related to the amount of shock-frequency reduction
following that response . This "random shock" procedure
was thought , by the authors, to have eliminated all
obvious candidates for an explicit conditioned stimulus
(CS), and thus the apparent learning under this
procedure was assumed to indicate that such a CS was
not a prerequisite for avoidance conditioning.

Rossi and Rilling (1971) have confirmed the findings
of Herrnstein and Hineline (1966) in an investigation
employing the treadle response in pigeons as a
dependent measure. The purpose of the present study
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was to extend the generality of the above fmdings to
locomotor avoidance behavior in a running wheel.

METHOD

Subjects
The Ss employed in this study were five naive female alb ino

rats, 70 days old at the start of the experiment. They were
obtained from Carworth Farms, lnc. , Portage, Michigan
(Sprague-Dawley derivations), and were individually hou sed and
main tained under constant-light conditions with free access to
food and water.

Apparatus
The apparatus was a small rodent running wheel (Lehigh

Valley Electronics. Model 147-11) 23 cm in diam and 7 ern wide ,
mod ified so that wheel movement was unidirectional. The
running surface of the wheel was con stru cted of 1.5-mm in diam
stainless steel rods spaced 0.64 ern apart center to center. Every
other grid in the wheel was wired in common and a commutator

. allowed the grids to be electrified. A response was defined as a
quarter turn of the wheel on the average. Elec tric shock was
produced by a Gra son-Stadler shock generator (Model E1064CS)
set for a nominal intensity value of 0.3 rnA. All shocks were
0.3 sec in duration.

Procedure
This experiment consisted of three phases: an initial

acquisition phase in which the postshock and postresponse
probabilities ere 0.5 and 0.1, respectively ; an ex tinction phase
during whic . both probabilities were 0 .5 ; and a reacquisition
phase similar to the initial phase. Each of the five Ss was
administered the same sequence of phases. The probabilities
were determined by two schedules of irregularly spaced holes
punched in a multichannel paper tape . This tape was advanced at
the rate of one step every 2 sec throughout each of the 20-min
experimental sessions. One channel of the tape determined the
postshock probability, while the other channel controlled the
postresponse probability.

The occurrence of a hole in the effective channel resulted in
the delivery of a brief shock to a rat in the running wheel. With a
0.5 probability of shock in effect, a hole occurred, on the
average, every second tape step which resulted in an average
intershock interval of 4 sec. A 0.1 probability schedule, however,
produced an average intershock interval on the tape of 20 sec,
since only one shock would occur out of 10 steps. Each session
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Fig. l. Mean locomotor response speed as
a function of sessions during acquisition,
extinction, and reacquisition phases.
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was started with the postshock schedule in effect and a
locomotor response resulted in a shift of control of shock
delivery from the postshock to the postr esponse schedule.
Contro l of shock delivery remained with the postre spon se
schedule un til the next shoc k was delivered, whereup on contro l
was au tomatically transferred back to the postshock schedule.
Locomotor behavior during the postrespon se schedule had no
programmed consequences. A total of 20 sessions was
admini stered, 10 of acquisition and 5 each of extinction and
reacqu isition .

RESULTS

The mean response latency from the onset of the
postshock schedule was computed for every rat during
each session and was transformed into a response speed
in cm/sec. The group speed function over sessions is
plotted in Fig. 1 for each of the three phases. During the
initial acquisi tion phase , sessions were blocked by twos .

Figure 1 indicat es that the Ss tend ed to start training
with relatively high levels of performance. The apparent
increase in speed over the course of acquisition was not
significant. During the first session of extinction,
response speed declined resulting in a mean speed on
that day that was substantially slower than on the last
day of acquisition. A progressive and significant decline
in response speed was observed over the subsequent four
sessions of extinction [F(4,16) = 5.49 , p < .05] . A
consistent and significant increase in speed was noted
over the course of reacquisition [F(4 ,16) = 11.99,
p < .05] .

An alternative measure of performance in this
situation is based upon the number of programmed
shocks that are "avoided" by a S in a session. This

measure is analogous to conventional measures of
percent avoidance and may be calculated as follows:

Max - Obt
percent avoidance = MM' x 100.

ax - ill

where Max refers to the maximum number of shocks
that would be delivered (on the average) in the absence
of responding ; Obt refers to the number of shocks
obtained by a S; and Min refers to the minimum number
of shocks that a S could receive in a session (i.e., the
number programmed to occur on the post response
schedule alone) .

Figure 2 depicts the percent avoid ance function
during acquisition and reacquisition. The function based
on this measure during extinction is not informative
since, by definition , no shocks can be avoided in that
phase. lt may be noted that these functions are
comparable with those based upon the speed measure .
During acquisition, the change in performance from the
initial block to the final block is not significant. In the
reacquisition phase , however , a significant increase in
percent avoidance was noted over sessions [F(4,16) =
20.46, p < .05] .

DISCUSSION

The result s of thi s study are similar to th ose of Herrnstein and
Hineline (1966) and Rossi and Rilling (1971) in ~hat a. respo~se

leading to a reduction in the frequency.of aversIve.sttrnulat ~on

was ob served to increase in strength. Unlike the previous studies,
however, thi s increase in response strength was not observed
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Fig. 2. Mean percent avoidance as a
function of sessions during acquisition and
reacquisition phases.
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during the initial acquisition phase. Moreove r, in sharp contrast
to the findings of Herrn stein and Hineline (1966), the changes in
locomotor behavior observed in this study dur ing extinction and
reacquisition were relatively rapid, occurring with in a few
sessions. These result s may be interpreted as fur ther suppor t for
the conjecture that redu ctions in shock rate following responses
are a source of negative reinforcement if thc failure to obtain an
increase in performance dur ing the first acquisition phase is
attri buted to some facto r such as the tendency for shocks to
elicit locomotor responses early in training. Since th is tende ncy
might be expected to decline in streng th as a functio n of the
organism's repeated experie nce with shock, the maintenance of
locomotor behavior in the latt er stages of the first acquisition
period cou ld have been due, in par t, to the reinforcing effects of
response-con tingent shock-rate reduction. During extinct ion,
however, responses were not followed by a reduction in the
frequency of shock and were often followed by an immediate
shock. Thu s, the decline in the tendency to respo nd noted
during this phase may have resulted from some combination of
extinction and pu nishment pr ocesses. On this view, the behavior
observed during reacquisitio n seems to reflect most clearly the
presumed reinforcing effects of response-contingent shock-rate
reduction since progressive increases in percen t avoidance and
response speed were noted .

In the face of a lack of improvement in performance during
initial acquisitio n, however, an alternative interpreta tion of the
result s of th is study can be formu lated that involves only
punishment rather than negative reinfor cement processes.
According to this view, the maintenance of performance during
the first acquisition period would be attributed solely to
whatever factors were responsible initially for the appearance of
the locomotor behavior (e.g., shock elicited running). Th e
decline in locomotor beha vior dur ing ex tinction would be

regarded as an example of the pun ishing effects of close
tempo ral proximit y of responses and shock provided by the
extinction procedure. The recovery of locomot or behavior
during reacqu isition would represent "extinc tion" of the effect s
of the prior pun ishment and the consequent reinstatement of the
factors responsible fo r locomotion in the first ph ase.

Thus, the results of this study do not provide unambiguous
support for the suppos ition that locomotor behavior is
strengthene d by response-co nti ngent reductions in the frequency
of shock , a notion implicit in the agruments advanced by
Herrnstein (1969). Manipulation s such as tho se involving the
absolute freque ncy of shocks delivered by the postshock
schedule should allow the alternative interpretations of the
results of this study to be unraveled, inasmuch as this factor
could influence the extent or magnitude of shock elicited
running.
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