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I. Introduction

When a rat is placed on a runway and food is &t the end of the

alley, it is safe to assume that he will learn to run the elley for

the revard of food. However, there are many factors thast can be =

varied to affect his performance (overt evidence of learning) in the —_

runvay. In this experiment, the performance of the subjects will

change by varying the size of the reward or by verying the deley of_

the reward. Specifically, as the amount of reward at the end of the _ , g”
~alley is increased, the speed of running the alley is increased;‘and %’””*’
as the delay of reward is increased, the speed of running the alley
is decreased (Thorndike, 1898; Pubols, 1960).

Numerous studies have been concerned with rates of acquisition
and extinétion under different amounts of magnitudes and frequencies
(percentages) of reward, while only a few have been concerned with
deiay of reward. The purpose here is to predict behavior when magni-

tude and delay of rceward are varied independently.

The effect of reward magnitude on runway performance. In a

review of literature concerned with the effect of reward magnitude on

runway performance (Pubols, 1960), it was concluded that "acquisition

performance is an increasing function of the reward magnitude (p. 11)."

Others have confirmed Pubols' conclusion (Armus, 1959; Pavlik and !
Reynolds, 1960; Hill and Spear, 1963; Clayton and Koplin, 196l4; Ratliff,

1965).

Pubols' review is also concerned with the effect of magnitude of



reward on extinction. He states that "the magnitude of reward affects
resistance to extinction indirectly through diffgrences in terminal
levels of reward performance (p. 111)." So it would follow that
animals given iarge magnitudes of reward during acquisition have more
resistance to extinction. Yet in an earlier study, Zeaman (1949)

found that animals given smell reward magnitudes were more resistant

to extinction. Studies done since Pubols' review support Zesmen's —
findings (Hulse, 1958; Armus, 1959; Lawson, et al, 1959; Wagner, 1961).

The interaction of delay and magnitude of reward on runway perfor-

mance. - Davenport (1962) presented learning curves for amount versus
delay of reward. Choices showed the initial preference for the larger
amount, yet the final preference was for the shorter delsy. Logan
(1965) found comperable results but not enough to confirm Davenport's
(1962) findings. However, Logen (1965) states that there is reason,
from his data, to believe that amount of reward did control earlier
choices. No mention as to the rate of learning the correct choices
was made, whereas Hill and Spear (1953) have shown that the rate of

learning depends on the difference in the amount, between two choices,

when either the smaller or larger choice is held constant across groups.

Purpose of the present study. The purpoée of this study is to

clarify and accurately describe the interactive effects of several

amounts of reward and delasy on acquisition and extinction of rats in

o straight runway. A factorial study involving several levels of reward

and delay is presented to further describe and possibly predict what

effects these independent variables have on learning curves.



The major pufpose of this paper, then, is to determiﬁe the inter-

active effects of delay and magnitude of reWard, and to present the

results in a clarifying and informative manner.




IT. Method

Subjects. Forty-fiVe 90 day old, experimentaliy naive, female,
albino rats of the Sprague-Dawley strain, with initial weights of 100-
150 grams were used for the study. The snimals were kept on a 23 hour
food deprivation schedule. The weight fluctuation throughout the

- study was less than 10 grams (refer to Figure 1). The deprivation
level was determined by the amount of weight loss at the start'of the
deprivation schedule. Free access to water was permitted except during
the running sessions.

Apparatus. Figure 2 represents the straight alley runway sixty
inches long which was used to measure response latencies. The start
box (SB), 12 inches long, the goal box (GB), 12 inches long, and the

- alley, 36 inches long, had plexiglass sides and top. The floor and
back were constructed of pressed unfinished hardbbard. The inside

’diménsions were M% inches deep and 5 inches wide throughout.

Cramer clocks {.0L sec.) were used to measure the running laten-
cies in three separate segments of the runway. The location of the
photocells in the runway for clock triggering were at h, 25, and b1
inches from the SB door. The times recorded were SB latencies, from
the time the animal orients to the SB door to It inches in the runway.
Runway latencies were measured from the time the animal broke the photo-
electric beam of the second clock, two-thirds the distance down the
runwvay. Goal box response times were measured from the time the
animal tekes to tranverse the last 15 inches of the runway plus 5

2

inches into the GB, bresking the photoelectric beam of the third clock.

B e 2211 g £
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Design. A 3X 3 (3 space X space 3) factorial paradign -combining
three magnitudes, 2, 4, and 12, k.5 mg. Noyes pellets, with three
reward delays of O, h, and 8 seconds after entering the GB was used.

There were five animals randomly assigned to each cell., The values

of these two parameters were chosen in order to exsmine a specific

area within the continuum of reward parameters under which snimels

were known to have successfully performed.

Prehandling. Seven days prior to the first experimentszl dsy,
the animals, on deprivation diet, were slloved to run freely in sn
open field 5ox for 2 minutes each day. Prehsndling consisted of
picking each animal up every 15 seéonds, and then holding it for 5
seconds each of the 7 days. DNuring the time sllowed in the open field
box, the animals were presented with five 4.5 mg. Noyes pellets to
eat; the unesten pelliets were returned to the home cage with the sni-
mal. The daily food retion was administered 30 to 45 minutes after
the prehandling end the experﬁnental sessions.

Acquisition., Acquisition began 2h hours after prehendling wes
terminated. One trial per dsy was run for eszch animal; The animels
were placed in the SB, the GB door opened, snd the SB door opened when
the snimal oriented toward it. Immediately upon the snimel's exit from
the SB, the door was closed to prevent retrscing, and following the
anﬁmal's entrance into the GB, the GB door vas closed; Depending on
the snimal's experimental condition, the food compariment (FC) door
was opened st the ssme time as the GB door (immediate reward groups)

or the FC door was closed (4 or 8 seconds) in order to sdminister the



delsy effect. Thé animals were allowed to eat all of the pellets before
being returned to the home cage. |
There were six snimals which failed to leave the SB on five con-
secutive triezls within a 2 minute intervel after the SB door wes
lopenéd. These snimels were then dropped from the study esnd replesce-

ments introduced.

s

A

Aeguisition wasternmdrmted when asymptotic performance levels were
attained in all nine groups as assessed individually; this happenedntp
have occurred at the forty-first trisl. Acquisition performance was
determined at the point where the latency time no lbnger decreased
(running speed increase) over a specified number of trisls (s ieveling
of the response curve).

Extinction. During extinction each animal was run once a day,
a5 in acquisition. All conditions remsined identical to the conditions
during acquisition except forvthe absence of the food pellets in the
FC,

Three consecutive failures to enter the GB within thirty seconds
was the extinction criterion. EFach animal was discarded upon reaching

that criterion. BExtinctions ceased for all animals at 30 trials.



IIT. Results

Analysis of data. All running latencies for acquisition were

first converted to reciprocals and an snalysis of variance (Lindquist,

1953) was computed on all three clocks separately. TFor extinction

data, as a whole, an Anderson transformetion (Anderson, 1964) wes com-

puted because of the different levels of performance reached by the

various groups at acquilsition asymptote. With the help of the Aﬁderson
transformation, the varying number of trisls and levels of performance
were equated so that an analysis of variance could be properly spplied
to the extinction data. There was no slope analysis performed in this
study. The various groups will be designated as follows: Group I,

2 magnitude, Group II, 4 magnitude, Group III, 12 magnitude,

Start box latency (C-l). Figure 3 represents the latency response

curves for all groups leaving the start box.

An analysis of variance indicated that there were significant
differences among all groups for delay, megnitude, and interaction of
delay and magnitude across trials {?elay F = 5.3, p{.001, magnitude
F = 13.0, p<.001, interaction F = 6.0, p <.001].

Group II and Group III appeared to interact at the delay of 8
seconds for reward (refer to Figure 4L}, Group II ran slower at U
seconds delay than Group III. However, when the delay weas increased
to 8 seconds, Group IIY ran slower than Group II. Tt appears that four
pellets at 8 seconds delay was more rewarding, as assessed by shorter
latency than twelve pellets at 8 seconds delay. Further examination

of Figure % shows that Group III at O and.h seconds delsy rperformed
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better than Group II, yet possible competing responses or frustration
components could have entered in when the reward delay was increased.

Runway latency (c-2). Figure 5 represents the latency response

curves for all groups traversing the runway. The esnalysis indicated
that there was no significant difference between sny of the groups

across btrials [%elay F o= 2.8, magnituvde F = 2.6, interaction F = .8].

he lack of significant difference and interaction (refer to
Figure 6) between the groups indicates that mid-runwey performance is
not as instructive of the effects of delay and magnitude of rewaid
on strength snd rate of lesrning as start box or goal box latencies.

Goal box latency (C«3). Figure T represents the latency response

curves for all groups entering the goal box.

The_analysis indicated that there were significant differences
between all groups ecross trials [?elay F = h.h,‘;}ﬁ.OS, magnitude
F = 5.3, pg.0l, interaction F = 147.0, p<g .OOJZI.

After careful examination of the curves, it becames evident that

the significent differences among groups is actually caused by Group III.

Group III at 4 seconds delay shows a great increase in latency from the

zero delay conditions. Aside from this great reduction in performance

of Group I1I there is a slight difference between groups, again sug-

gesting that interaction of Group II and Group III at the 4 secand delay

point (Refer to Figure 8).

Throughout the runway acquisition, the performance of Group I was

nificant effect due to delay.

lover (slower latency) than either of the other groups with little sig-
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Extinction, Figure 9 represents the latency response curves for
extinction;

Through anslysis of'variance, there appeared to be no significant
difference among the groups across trials. Although there was no
statistical significance, through visusl inspection of the curves,’
Group II appeared to interact with both Groups T and IIT. Group II

eppeared to be more resistant at g delay of 8 seconds than either Group

I or III, yet slower and less resistant at delays of 0 and & seconds.
Generally, Group I was less resistant than Group III; however, at
delays of 8'seconds, Group III was much more resistant to extinction

than at a delay of 0 or I seconds.
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IV, Discussion

The main point indicdated by the present results is that when
delay of reward varies (either increased or decreased) in the same .

direction as magnitude of reward a balance of performance level should

be reached. Davenport (1962) showed thet "equal reinforcement contours

indicated that to balance a unit increased in delay of reward in a

two-choice spatial diserimination task, there should be a log unit
increase in magnitude of reward." However, in the apparatus that
measures latency times as performance levels (present study) rather
than choices, Davenport's results become inapplicable. It was found
that Logan's (1960, pp. 251-253) "relative quantification” applies
much more adeguately to the present results. Logan's "relative quan-
tification" deals with the increased ratios of delay and magnitude
variables. The important balance point in Logan'é results (1965)
was-in the delay range of 5 to 15 seconds and magnitude of one to

three Noyes pellets., In this study the important values secemed to be

both the 12 magnitude, 4 and 8 second delay groups, and the 4t magnitude,

ki and 8 second delay groups.

Admittedly, delay is a much more complex variable than magnitude
and similarly has a much more serious effect on performance than
magnitude. The data from the start box latency show that the U mag-
nitude group at 8 seconds delay is superior in performance to the 12
-magnitude group for the same delay. It appears that waiting 8 seconds

for 12 pellets is less rewarding than waiting 8 seconds for I pellets.



There are also siﬁilar results (although not quite as striking as the
start box data) for the goal box latency. These data seem to be
contrary to what Thorndike's law of effect prediéts and what common
sense would expect. To explain this discrepancy, secondary reinforce-
ment enters into the discussion.

On each trial there are stimuli associated with running down the

runvay and either being rewarded immediately or hawving to wait for

the prescribed delay for the reward which enter into the store of
associated stimuli. The normal stimuli such as color, smell, and the
feel of the runway are soon associated with the runwsy and its reward.
There are also sensations which can be referred to as negative stimuli,
naniely confinement (Hulse, 1958). The confinement of the goal box

can be considered as negative stimuli which would become associated
with the goal box upon leaving the start box and entering the goal
box. Referring back to the gfaphs in the results, the performance of
the 12 magnitude, 4 delay group is superior to either the 12 magnitude,
8 delay and Ut magnitude, b delay.groups; they are sufficiently rewarded
to offset the confinement of the goal box. Yet when the delay is in-
creased to 8 seconds for the 12 magnitude group, the performance falls;
the L magnitude, 8 delay group performance ié superior. It can be
explained by the negative effect of the tofai time of confinement in
the goal box (to wait 8 seconds and eat twelve pellets as opposed to
eating only four pellets). The k magnitude, 8 delay group spends the
same amount of time waiting in the goal box but does not develop these

negative secondary reinforcers. The reward magnitude of 4 does not
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require the same confinement time as the 12 magnitude reward group
for eating.

Extinction data foliow along according to theory and the results
of other studies, except for the L magnitude, 8 delay group (refer to
Figure 9), The results indicated that the 4 magnitude, 8 delay group
is more resistant to extinction than the 12 magnitude, 8 delay group

and the 2 magnitude, 8 delay group. Again, we can use the idea of

secondary reinforcement to explain the results. The 4 magnitude, 8
delay group spends less total.time in the goal box confinement than
the 12 magnitude,‘8 delay group and is also more greatly rewarded for
its confinement than the 2 magnitude, 8 delay group; therefore, the k
magnitude, 8 delay group does not have as great a negative secondary
reinforcement associated with the goal box.

The next step in lhis exploration of ﬁhe intgraction of delay
and magnitude of reward on learning (acquisition and extinction) is
to again limit the variables arcund Logan's.prescribed values of "rel-
ative quantification" in order to better predict the interactive

relationship of these two variables.



Summaxy

A three by three faétorial étudy involving three levels of reward
and three levels of delay was performed in order to describe the
interactive effects of magnitude and delay of reward. Using a étraight
alley runway in order to measure latency performance, forty-five

Sprague~-Dawley rats were given forty-one acquisitioh triais and thirty

extincetion trials. The most significant difference occurred within
the group receiving the largest reward magnitude at ¥ and 8 seconds
delay. In éddition, it was noted that the group recelving the smallest
reward magnitude performed at slower latencies than either of the
other two groups. The results are explained through the concept of

negative secondary reinforcement, namely confinement within the goal

. box which served to increase latencies.



References



References

Anderson, N. H, Comparison of Different Populations: Resistance to
extinction and transfer. Psychol., Rev., 1963, 70, 162-179 .

Armus, H. L. Effect of magnitude of reinforcement on acquisition
and extinction of a running response, J. exp. Psychol., 1959,

58, 61-62.

Clayton, K. N. & Koplin, Sally T, T-maze learning as a joint function

of probability and magnitude of reward. Psychon, Sci., 196lL,
1, 381-382 '

Davenport, J. W. The interaction of magnitude and delay of reinforce-
ment in spatial discrhnination.lg; comp. physiol. Psychol.,

1962, 55, 267-273.

Hill, W. F. & Spear, N. E, Choice between magnitudes of reward in a
T-maze. J. comp. physiol. Psychol., 1963, 56, T723-726.

Hulse, S, H. Zmount end percentage of reinforcement and duration of
goal confinement in conditioning and extinction. J. exp.
Psychol.,, 1958, 56, L8-57.

Lirdquist, E. F. Design and Analysis of Experiments in Psychology and
" Education. Boston: Houghton Mifflin Company, 1953.

Lawson, R., Levine. S., Bronson, R. K., Cross, H. A,, Fuchs, A, H.
Resistance to extinction of a generalized response as a function
of stimulus and amount-of-reward conditions during training.
Psychol. Rep., 1959, 5, 553-559.

Logan, F. A, Incentive. New Haven: Yale University Press, 1960.

Logan, F. A. Decision making by rats: delay versus smount of reward.
J. comp. physiol. Psychol., 1965, 59, 1-12,

—

Pubols, B. H. Incentive magnitude, learning, and performance in animals.

Psychol. Bull., 1960, 57, 89-115.

Ratliff, R. G. Runway acquisition and extinction as a joint function
of magnitude and per cent of reward. Unpublished doctoral dis-
sertation proposal, Vanderbilt University, 1965.

Reynolds, W. ¥, & Paulik, W. B, Running speeds as a function of depri-
- vation period and reward magnitude. J. comp. vhysiol. Psychol.,

1960, 57, 89-115.




25

Thorndike, E. L, Animal Intelligence. An experimental study of the
associative processes in animals. Psychol. monogr., 1898, 2,

Wagner, A. Effects of amount and percentage of reinforcement and

number of acquisition trials on conditioning and extinction.
J. exp. Psychol., 1961, 62, 23L4.ohp,

Zeaman, D, Response latency as a function of the smount of reinforce-
ment. J. exp. Psychol., 1949, 39, h66-483,




	The interaction of delay and magnitude of the reward on acquisition and extinction in the straight alley runway
	Recommended Citation

	tmp.1519432084.pdf.pfz3S

