11 University of Tennessee, Knoxville
i LN IWERSITY of

TENNESSEE TRACE: Tennessee Research and Creative
FHOREE Exchange
Masters Theses Graduate School

8-1953

An Experimental Analysis of the Reinforcement Process

Raymond Robert Shrader
University of Tennessee - Knoxville

Follow this and additional works at: https://trace.tennessee.edu/utk_gradthes

b Part of the Psychology Commons

Recommended Citation

Shrader, Raymond Robert, "An Experimental Analysis of the Reinforcement Process. " Master's Thesis,
University of Tennessee, 1953.

https://trace.tennessee.edu/utk_gradthes/11

This Thesis is brought to you for free and open access by the Graduate School at TRACE: Tennessee Research and
Creative Exchange. It has been accepted for inclusion in Masters Theses by an authorized administrator of TRACE:
Tennessee Research and Creative Exchange. For more information, please contact trace@utk.edu.


https://trace.tennessee.edu/
https://trace.tennessee.edu/
https://trace.tennessee.edu/utk_gradthes
https://trace.tennessee.edu/utk-grad
https://trace.tennessee.edu/utk_gradthes?utm_source=trace.tennessee.edu%2Futk_gradthes%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/404?utm_source=trace.tennessee.edu%2Futk_gradthes%2F11&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:trace@utk.edu

To the Graduate Council:

| am submitting herewith a thesis written by Raymond Robert Shrader entitled "An Experimental
Analysis of the Reinforcement Process." | have examined the final electronic copy of this thesis
for form and content and recommend that it be accepted in partial fulfillment of the
requirements for the degree of Doctor of Philosophy, with a major in Psychology.

W. 0. Jenkins, Major Professor
We have read this thesis and recommend its acceptance:
E. Ohmer Milton, Willis Moore

Accepted for the Council:
Carolyn R. Hodges

Vice Provost and Dean of the Graduate School

(Original signatures are on file with official student records.)



August 10, 1953

To the Greduste Council:

I am submitting herewith e thesis written by Baymond R, Shrader
entitled ™An Experimental Analysis of the Reinforcement Process.” 1 -
recomend thet it be asecephbed in pertiel fulfillment of the reguire=
ments for the degree of Doctor of Philosophy, with a major in

Psychologye
W, /) %M

¥ jor Profgysor

Te hove read this thesis and recommend
:‘ch.s aece;v!:ame:

(#\ WW wwxﬁ\
£ %WM Wlta,

1

Accepted for the Coumsil:

ﬁm’x o)% thé Gradunte School



;

" AN EXPERIMENTAL ANALYSIS OF THE REINFORCEMENT PROCESS

i T
R
A,

4 THESIS

Submitted %o
The Graduste Council
of '
The University of Tennessee
in
Partial Fulfillment of the Requirements
for the degree of
Doctor of Philosephy

by
Raymond Robert Shrader

Auvgust 1953




TABLE OF CONTENTS
CHAPTER FAGE
I [ ] IMEOWGTIm » - L] o L J - - - » . R J & » E ] - L] - ] L ] L ] '. L »

Theoreticel background . . « ¢ & & 4 ¢ o o ¢ o » o ¢ o

Statement of problem and related background materisl . .

O W

Stzatement of hypotheses e e s e s e e e
ITI. THE EXPFERIMENT . & 4 4 2 ¢ o s o« 2 o » » 5 2 2 o » « » 2 o 11
The first light-up experiment . . + » o ¢ o « o s o » ¢ » 11
The zecond light-up experiment . . 4+ « o o « » s ¢ » » » 13
The third light-up experiment . . « « « ¢ o « 2 v 2 o « » 15
The ‘'spread of effect' experiment . . . . . . ; s e e e 16
TIT. EESULTS o v v e v'e s o e o o mmnn s omnnnnnes 19
The first lightwuﬁ experiment . . « 4 4 s s 6 e o 0 a0 19
The geccnd light-up experiment . . . . e e e e 23
Summary antlysis « » « s ¢ 0 0 s o 2 o 2 e w8 s o4 o= os s 28
The third light-up experiment « « + &« o s = o« » s » » + o 30
The *Spread of effect? experiment « s s s s ale s e s e . 3h
IV, DISCUSSION & . 2 « o o o o« 2 65 2 8 o o s % 2 v s o » ¢ » » 37
Increesed slimuletion se reinforcement . . ¢ o » & « o o 37
The configuity explenetion . . » ¢ & o o o » 4 ¢ 2 = » » 38

The drive reduction explanstion . + + « « 2 o 2 s s « ¢ &« FA

&

Guessing hebitsz and the 'spreed of effeect! . . . . . ..

V. SUMMARY AND CONCLUSIONS . v v s v s o s o o v o o o o s s s 4B

BIBLImmH!Q‘nt'l.l.."g"9‘.".?.0.“..,0’ 48

APPENDIX » [] L] £ ] L] - L] ‘,I - ‘ * - * & s L] L - - L) L] » - - » - L] L4 - E 51




IABIE
I,

11,

III,

Iv.

VI Y

LIST OF TABLES

Ray Seores and Percentage Scores for Light-up

" end Contrel Subjects in the First, snd Second
Twelve Hours, sand Combined Twenty-four Heurs
Conditioning and Extinetlon . 4+ + o 4 v o o s o 4 &

The © 'feﬁts of Differences Between the lesns of

Percentage Scores of Light-np Subjects and

Control Bubjects in Extinction « « o« v v ¢ 2 5 © « ¢ .

Responses, Bird by Bird, in the First Half, Second
" Hel?, end Tobel Three Howr Extinetion Pericd for

Two Groups of Experixéen%:a’l Birds and One Control

Grmmneﬂa.lﬁﬁi"iaﬂ#.iis".ueica-

The t Tests of the Differences Between the Heans of
Coded Responses in Extinetion of the 100 Per Cent
Light-up Group andv the Goxr’hroi Group o « o + ¢ « o »

The t Tests of the Differences Between the lieans bf
Coded Respgnsas, in Extinction of the APR Light-up
Group and the Control GIoup .+ « o & o » o » ¢ v &

7 Test of the Differences Between the Fﬂeané of Coded
Responses in Extinction of & Combined AFR Light-
up and 100 Per {ent Light-up Group snd s Control

erp..uu:._a'--ota'n'$o-o’uti.'o

PAGE

22

23

25

VII;

P-Values for Three Individuel Experiments znd Combined

P-Velues for f1]1 Experiments « s« o« o v « o s s « s o



TABLE
VIII,

IZ,

2,

XiI,

XIlI,

V.

Rém Seores and Percentepes in the Firet Three
and Lest Three Hours of & Ten Hour Operant
Level Periocd of Responding for Two Increased
Stimulation Groups and & Conirol Group . » .

Figher's Exact Test Applied to Percen'héga Data
of Operent Level Respending for Three Groups
o:E'ASubjee‘hs........;....,.....

llean Per Cent Repetition of Humbers by Eighteen
Subjeets Following Repeéted Rewerded Numbers,
Non-repeated Rewarded Numbers, and Ra_nd@ly
Repsated Non-rewarded Numbers . » « » « « » &

Hourly Operent Responses for Three Groups of

.Pigeﬂnse.....‘...-...;..--e.'

Words Used on Flash Cards in "Spread of Effect®

Emrment .- 6 * & 2 @*® w -.c'ca * @ L A ] »
Repstition of Numbers in Three Serial Positions
Following & Repested Rewarded Number, and

Following & Non-repeeted Rewarded Number with

Instructions to Learn to Repeat Rewsrded Numbers

Repetition of Numbers for Three Serial Pozmitlons

After Repeated Numbers Following Instructicns

to Write Numbers One to Ten Rendomly Without

Reward...a..-.....a.-..-v....

PAGE

32

33

35

52

53

54

55




CHAPTER 1

INTRODUCTION

Theoretlical Background

The reinforcement pfocess as it spplies to learning theory hags
been the subject of an increasing emount of attention in recent years.
This attention is reflected in the controversial question of whether or
not feinfafcement is a necessary condition for leerning and it is re-
flected even more so, for those who adopt an effirmetive pnsitien on the
question, in their attempt tc demonstrate the relationship between rein-
foreement and leerning. Whatever the hiaé of the theorist there has been
an everall concern with msking more explicit the reinforeement process.
With regerd to this latter problem we find seversl points of view as to
the nature of reinforcement,

Thorndike (21) made reinforcement synonymous with the "law of
effect.® The law of effect states eésantially thet if a satisfying state
of affairs follows s response to & stimulus there is a strengthening of
the connection between the stimuwlus and response., 4 sstisfying stete of
affeirs was defined operationally as one in which the animal 4id nothing
to avoid, often doing ﬁhiggs to meintain it, 4 novel elsboration of the
Meaw of effect" propoéed by Thorndike was the "spread of effect." Thorn-
dike stated thet the action on & rewerded response ”spraadﬂite adjacend

stimulus~-response connections in such a way that non-reinforced connec-

tions adjacent to & reinforced conneciion would be-leerned with increas-

ing effectiveness the closer they were to the reinforced stimulus response
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bond. A more sophisticated trestment of feffect® was made by Hull (5) in
hie formuletion of reinforcement. Tissue need-reduction, or drive reduc-
tion was substituted for & %aatisfying state of affairs,® Miller (12), one
of Hull's pupils,defined drive reduction in terms of = dscreasé in stiong '
stimalation., On & different level of anslysis Wolpe (23) posited & neuro-
physiclogical mechanism; Skinaer (_20) defined reinforcement operatimﬁally
in terms of the presentsticn of 2 certain kind of stimulus in e temporsl
relation with elther & stimulus or 8 response-~the reinforeing stimulus
béing defined by its power %o produce the resulting changs, For those
who esﬁousa,assoeiation by contigulty as a necessary and sufficiert condi-
tion for learning, reinforeement becomes simply one of the eoaéiﬁicns of
learning, Gubthrie (3), the leeding advoesie of this latter pesition; main-
taing that a reinforecing stimulus acte te'streagthen behavior by chenging
the situation so thai previously developed assoaiatiéns between the stimuli
&nd the response remzin meffected. Reinforeement here wey be defined as
the presentation of stimuli thel teke the orgenism oul of the sitmetion by
chenging its behavior.

In sddition to those theories whieh adopt a singlﬁ principle, i.e.,
drive-reduction, or contiguity, to explain lesrning, some theorisis, |
Skinner {20) and Howrer (14), atiempt to bridge the gap by advoceting dusl- |
istie principles (drive reduction for one iype of learning, contiguity for
ancther) while Telman (22) puts forth a pluralistic theory.

It would seem that im order %o be parsimonious.z theory should be

as genersl as possible, yet st the same time one that does not do viclence

t0 the empiriral facts of learning and furthermore one that is amenable %o
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experimental testing. In line with this ressoning there are psychologists
todsy who believe that dualistic theoriles sre not warranted, thet is, that
.single prineiple theories can adequately handle that class of behavior
called iearned. However, even though there is agreement on this 1attér
point, there still remeins the guestion of selection of one or another
single-principle theory., When drive reduction theory and contiguity thaor§
ere examined with regard persimony in reletion to reinforcement, it can
readily be seen thet reinforcement from the drive reduction point of view
differs from reinforcement from the contiguifly peint of view in that drive
reduetion might be & specisl case of reinforcement by contiguity by remov-
ing the organism from the situation, ©On the other hand it is diffieult 4o
see how stimuli thet remove an organism from the situation ecould per ge be
interpreted as drive redueing since obvicusly stimuli that remove the Organ-
ism from the situation by ehanging its behavior mey déAso either by wey of
increment or decrement in total stimulstion. It logically follows then
that if e test situstion cen be desigried in which behavier is changed with-
out drive reduction, or behevior is chsnged with drive increment (increased
stimuletion), end this is accompanied by learning, thet such leerning will
consgtitute strong evidence ih favor of the eontipuity viewpoint snd strong

evidence against the drive reduction position,

Stetement of Problem end Relaied Background Material

This paper will deel primarily with an attempt to present experi-

mental evidence of the second variety mentioned above, that is, 1o
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demonstrate learning in the presence of increased siimulation while ruling
out the pessibility of drive reduction.

Previocus studies 'direac'tly relevant to the emperimental investigs-
tions reportsd herein hava. been conducted by Sheffield et. al. {19), |
Jenkins and Brush (7), Horowitz (4), Ligon (7), spd Jenkins snd Cunning-
hem (9) . |

Sheffield (19) demenstreted that meture male rets, reared from
infency segregated from femeles, would learn to run to a female in heet
wher they were permitied o mount and effect intromission witheul ejacu~
letion, The reinforcement bere is eleerly one of drive increment and st
the very least it is not drive reducing. Sheffield concludes thet these
findings ere im conflist with drive-reduction theory while lending suppert
Yo contiguity theory.

Jeuking end Brush (7) cenditioned = group of pigeons =zt eighty per
cent satlated body welght in ai ziadif‘ied Skinner box on ‘é twelve minute
AFR (& periodic reinforcement) schedule until their pecking behavior sta-
bilized; the birdes were then assigned Lo one of three groupst oné SXpET -
imentel znd two contrel. The experimenizl birde were exlingulshed by having
a flash of light subsiltuted for food on & twelve minute AFR schedule, thaet
is, the experimenmtal birdaa received incressed stimulatlon during exbinetion.
The contrel birde were exbtinguished under normal ecenirol conditions,
Jenkine and Brush reporited & significant difference in responding between |
the ezxperimentsl snd control birds &t the one pexr cent point in faver of

the experimental birds, The resulis of this experiment sre in line with

Sheffield's findings of superior performence with increased stimmlation,



Furthermore it wes reported that the superiority of the light-up group
wag greater in the second half of extinction., The explanation for this
was that the effects of generslizastion decrement were mest pronounced
early in extinction and meintained less of an effect late in exiinctio§
permitting the reinforcing effeect of light-up te strengthen behevior,

“Generslizetion decrement was hypothesized to sceount for the dif.
ferentiel responding of the experiments]l birds esrly and leate in extine-
tion because the cue situation, previously assoeisted with pecking, was
changed much more radically for ithe experimentael birds by the introduction
of light-up then for the sontrel birds. The phencmenon of generalizetion
decrement is such thet the more & situation assoeisted with & response is
changed on & subsequeni cccasien the less the probability ithat the response
will oceur. It is significant thet the light-up birds were superior to the
control birds throughout extinciion despite ganeralizatieﬁ decrement.

In another experiment Horowitz (4), using pigeoﬁs at 100 per cenk
- satioted body weight, exposed the pigecns te three conditions in & Skinner
epparstus., One group had the cue of the food magazine turning following
pecking &t an illuminasted window; one group had the megezine turn and wére
exposed to the sight of food in the megszine following pecking; and one
group, the control group, wes exposed to neither the mageazine turning nor
the sight of food. An snelysis of Horowitz's results by Jenkins (7) shows
that the noise plue sight-of-food-group, and the noise-group, &s compared

to the control group were both superior in terms of imereased responding

from the first tothe last hour of responding, with & non-perametric snalysis
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of variance vielding & F-velue of less then ,01. The sight~of—foad~noisef
group was slightly supericr to the noiee-group indicating that a two cus
change was superior to & one oue chamge in terms of reinforeement.

Jenkins (7) reports a resnelysis of some of Ligon's {11) date fram
2 study in which rais ran s mase to different incentives. The anslysis
pertinent te the present pkoblam involved several groups of rats st 4if-
ferent levels of focd‘deprivatian; In one experimemt two groups of rats,
with twenty-one hours of foed deprivetion, were placed in the meze, The
goal boz inecentive for one group wes the sound of a buzger; the other
group received food in the goel box. The buzz-only group ran faster than
the food-only group in the first ten trials., The spsed of both groups was
about ihe sﬁm@ for the next fivé 4riels end the food group was superior
for the vremaining ten iriels. For groups with six and twelve ﬁeurs food
deprivation, the buzz.only group waes superior for all but the first of the
initial fifteen trisls, while the famdpanly group ﬁas énperiar in the last
ten trisls, This indicates thet at lesst initislly increased stimuletion
assopizted with an irrelevant drive, wss superlor to & reward asscciasted
with e relevant drive. Such evidence is difficult for = drive reduction
theory te expledin but is in no wise contrediciory to a contiguity peint
of view, ' |

Other evidence having en indirect besring cn the implications of
incressed stimuletion as reinforcement but & direct beering on contiguity
reinforcement versus drive reduction is thait reported by Sheffield and

Jenkins {18) and Jenkins snd Gunningham (9) on the ‘spread of effect.?




Jenkins and Cunninghem shateds

In brief, the 'spresd of affect! is typified by 2 bi.
directional gradient of repetitions of incorrect responses neighe
boring correct or rewerded responses where Ss are instructed to
guess a number {o each of 2 series of individually presented
word-stimuli, 4s orginally described by Thorndike, the frecuengy
of repetition of the non-rewarded responses decreases with incressing
renotenegs of the errors frop the rewarded respense in both = pre-
ceding end fellowing direction. Thorndike interpreted the gradient
as the 'epread! of the action of reward from the reinforced connec-
ticn to adjacent stimulus-response bonds, and bonds, and presented
the findings as proof of the avtometic effects of reward.

They then pointed out thet the "spread of effect” phenomena can be
empléined more parsimoniously by the guessing sequence hypothesis previ-
ously proposed by Jenkins snd Sheffield (10). According io this hy@aﬁhe“
sis 2 subjeet tends to guess numbers in = predictzble sequence. For
example, 8 subject may. consistently guess seven afber baving sald six.
Therefors if & number such as six is the econstant rssponse to a certain
word, the next time ihrough the list of words, the succeeding number,
seven, is likely to be repeated because of the predispogiticn to repest
seven afier sizx. Since in the itypicel 'spread of effech? experiment the
correct responses tend to be learned and repeated, the seme sequence of
rumbers is likely te be given following & eorvect number. Thet is, the
subject mentioned =sbove may have learned to ssy six to the word Ydog® and
the guessing seguence hypothesis would prediet that he would say seven to
the next word in the list even though suech & response was not reinforced.,

The gradient of the t'spread of effect' was acecounted for by sssuming

that the guessing tendency will decrease with increasing remotensses from

g;,4%#,44443ha,rawazdaﬁ;raﬁpgnﬁg because of such interfering effects as sdditionel

rewerded responses,
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Jenkins and Cunningheam found thet when the typical and well known
‘spread of effect' experimentel design wes chenged by systematieally
varying the order of presentation of the stimulus words in the {ypicsl
word-number situation the 'after! gradient could be predicted from the
number guesging hypothesis while the evidence did not indicste gradient
effects aceording to Thorndike!s hypothesis. Furthermore, in 2 second
experiment they found that when subjeets were imstructed to write numbers
eﬁ rendom sn enalysis of the deta revealed that & strong tendency appesared
for subjects to respond sequentislly, Hore than two-thirds of the responses
fell within plus or minus two units of the preceding number.

This experiment demonsirates that the well-known gpread of reward
of ‘feffect® explanetion for the empirical phenomenon of *spréaa of effect?
can bs more adequetely explained from the conbiguity éesitian than from
the effect position. The comtiguity explanmtion is that subjects have
well esteblished guessing sequence habits which show up when ceriain num-
bers are anchored in relation to certain words in a classical 'spresd of
effect! experimental design.

The results of these experiments can bs summarized in several generw
elizstions pertiment to reinforcement and learning theory.

First: & cue change which chenges the orgenism's behevior follow-
ing a response mey be of an incressed stimulation variety and yet demon~
strate reinforeing qualities by strengihening the response.

Second: cue changes affecting two sensory modslities simultsneously

mey_be _more effective than a cus change effecting cne sensory modality.
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The two cue chenge may be more effective because of the increased removal
from the situation by the increased behavior change.

Third: reinforcement by way of incrsased stimuletion mey reterd
the extinction of & conditioned response. |

Fourth; in a situvation where responses have been assoclated in a
sequentisl menner prior to testing and where one member of a2 series is
repeated this repetition stmuétures the situstion for the action of

gssocietion without drive reduction or rewerd.

Statement of Hypotheses

The désigns of the experiments to follow were baszed on the above
generalizetions. The specific hypothesesz tested were:

1, a) During extinetion the strength of behavior will be maine
tained by a cue change associsted with increased stimuletion.

1, b) The effects of & cue chenge sssocisted with increased stimu-
letion in the extinction eof & leboratory induced behavior will be grester
in the second half of extinciion because of the differentisl effect of
generaligetion dearemenéf '

2. Operant levél respahding under conditions of reinforcement,
essociated with incressed stimuwlation wlll be greater than operant level
responding without increased stimulaetion. |

3. 8) The gradient of repetition following rewarded repeated num-

bers will be steeper than the gradient following chence repested numbers.

3. b} The level of repetition will be lower following rewarded

repeated numbers than under guessing eonditions.
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3. €) There will be ne gradient following rewerded non-repested
numbers.

Evidence in faver of hypotheses 1, a), 2, end 3. &), b), ¢) will
constitute positive evidence in favor of comblguily theory and negetive
evidence for drive reduction theory.

Evidence in favor of hypothesis 1. b) while constituting svidence

-

in faver of contiguity theory does not diréctly test drive reduction theory.




CHAFIER II

THE EXPFERIMERTS

The First Light-Up Experiment

roblem
In the first experiment the problem cousisied of = ecompsrison of

pecking behevior of two groups of pigeons during extinctlon., The experi-

mental group received ineressed stimulstion {lighit-up) during extinction,

while the control group did not,

Subjects

| Seven meture pigeens were used.l The birds had no previocus laboe

retory history which in any known way would affect the results of the

exporiment,

Apparatus

The apparaﬁﬁs, originelly developed by Skinner and modified by
Jenkins (8), consisted of four semi-sound prmof boxes, easch divided by
a pértitian into two compartmenis, The comperiment in which the animel

was placed wes bare except for & celluloid peeking window at head height

1 Originally it wasg intended that eight birds be used bui cne bird
had & history of erretic pecking behavior in the latter pert of the sta-
bilization period, and &lso in the first few hours of extinction. &ince
its behavior (a sherp decresse in pecking responses) could not be relaied
to the conditions of treaiment, that is, the behavior wss not predictable

—————from & knowledge of pigeons-in-like situnationsy it-wasdiscerded.
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loceated in the dividing pértitian, and a foed port, loceted on & shelf
below the window, through which the animal could be given food. The
enimal compartment was lighted indirectly from a2 seven and one-~half weblt
source of light in the other compartment. The second compartment ccnﬁained
the mechenism for presenting food to the aﬁimal; and a8 projector which was
facﬁaed so that a8 150 watt beam of light could be projected through the
pecking window intoc the animal compariment, 4 switeh in the recording
room was wired tc the projector so that the experimenter could operate
the projector manuelly. The mechanisms in the boxzes were electriecally
wired so thai each,peckipg response on the window wes recorded aubomate
icglly on & counter end on en ink recorder in a recording room adjacent
to the leboratory. The focod mechanism could be set so that the bird
would aukometically receive food following each peck or burst of pecks
on the pecking window. This procedure is known as 100 per cent reine
forcement, hereinefter eslled 100 per cent R. The fooﬁ mechanism could
aleo be set so thet the pigeons would receive food randomly but on the
average of every three minutes for pecking, or randomly but on the aver-
sge of every six minutes., These procedures will be known as ithree minuie
APR and six minuwbe APR, respectively. Fimally, the food magagzine could
be disconnected se thet the bird would receive ne feood., This latter was

the procedure used under normal extinciion conditions.

Procedure

The birds were starved over a period of two weecks to sboul eighty

per cent of ‘their sstiated body weight. They were then conditioned on

& six minute APR schedule one-half hour per dsy for thirty-five days umiil
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{4heir behevior stebilized, thet is, until the amount of varietion in
number of responses for each subject from day to day over a five day
period was slight. The hirdsA were then divided into two groups of three
controls and four experimentals each. The groups were metched on the
basis of their records during the stabili'za'bian period, The bhirds were
then put on a one hour & day sonéitianing schedule for en additional
eight hours.2 |

The hix‘c'is. were maintained at eighty per cent setiated body weight
and extinguished at the rate of two hours & dey for itwelve days. During
extinction the experimentsl pigeons were pul on a three minute APR light-
up, that is, the projector would be activsted and the light flashed
through the pecking window &t the same fregqunency, for the same length of
time, eand in the same random order that had been previously assoclated
with food, This was done manuzlly by the experimenter. It might be seid
that the light waes substituted for food. The contrel group received

normal extinetion treatment.

The Second Light-Up Experiment

Problem .
- The problem in the second light-up was to compare the pecking

behavior of three groups of pigeons receiving three differsnt tresiments

2 8ince the birds were to be extinguished in two hour sessions, the
one hour treetment was introduced here to lessen the effecis of generali~

——zation decrement hy way of change in schedule {rom conditioning to
extinetion s
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with regerd to increased stimulsbion during extinction, following condi-

tioning,

Subjeets

Twelve msture pigeons were used.3 The birds had & previous labo-
ratory history of APR conditioning and extinction but no Yincreessd stimu-

lation" history.

Apperatus
The apperetus used in the previous study wasg modified by tying ihe

electrical circuit of the projecter imte the food magszine cireuit so that
a flasb cf.light on the pecking window could be substituted for foed in
the food port. The enly difference between the first experiment and the
speond one in terms of sctivating the light circult was that in the sscond
experiment the light flashed on automaticelly when the bird pecked, while
in the first experiment the light was tuined ﬁnpmanuaily by the experi-
menter. An additional source of increased stimulation was ipﬁrodnsed in
this experiment by keeping the food megazine mechanism in the cireuit
during extinction. The increased stimuletion came by way of the sound

of the magezine turning. This conpdition wsas held constent for all three
groups of subjects. The birds were prevented from geitting food by cover-

ing the food pert with black tape.

3 Sixteen birds were originelly used, however four of them failed
to meet the criterion of conditioning and were discarded prior to light-up.
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The pigeons were starved over a period of'two woegks to epproxi-
mately elighty per cent satiated body weight. They were then conditioned
gt the rate of twenty-five reinforcements per day for eleven &ays.on a
100 per cent reinforcement schedule. Following conditioming eseh bird
was randomly assigned to one.of three groups: & thres minute AFPR group,
& 100 per cent B group, and & control group.

The birds were then subjected to exiinction procedures. The order
of extinction far each bird was determined by random selection procedures
so that for each.extinction session there would be one bird from sach of
two groups and two birds from the third grnup. Each bird wes extinguished
in z single three hour peried,

The three minute APR group was extinguished by having the light
f1ach substituted for food on a three minute APR schedule, 7The 100 per
eent B group had the light subsiituled for foed on & 100 per cent sched-
ale. The conirel group wes extinguished under nermel extinciion condi-

tions.

The Third Ligh%-Up Experiment

Problem
The problem in the third light-up was to compare the operant lewel

of pecking of three groups of pigeons subjectsd to different eue chenges

. following window pecking.
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Subjects
Twenty-four mature pigeons were used. The birds had no previous

laboretory history.

Apparatus
The appearatus was the same as in the previous study,

Dne grouvp of birds was starved tQ approximately eighty per cent
setiated body weight. The other group of twelve birds was kept at ncrmal_
body welght., In sll cther respsels the twe groups of twelve birds sach
wers trgatsé identicelly. Bach group was further divided inbto three
groups of four caeh,

Group one, hersinafier known aé the L/¥ group, had the light flash
plus the sound of the food magazine opersiing feor each peck or burst of
pecks at the pecking window. OGroup two, hereinafter kﬁcﬂn as the L group,
had the same trsetment as the L/N group without the megazine noise, Group
three, the control group, was extinguished under normal extinction condi-

tiens,

The 8Bpread of Effect Experiment

Problem

The problem was to compare the rate of number repetition on the

after-gradient follewing repetition at reward points, and nonerepetition

at reward points when subjects were instructed to learn rewarded repetitions;



17
further, to compare both of the sbove after-gradients with the after

gradient following chance repeated numbers without rewasrd.

Subjects

The subjects were eighteen unselected students from an elementary

class in pseychology.

Apparatug

A series of twenty-one four by six inch white flash cards were used,
4 three letter word having no immedisiely discernibdble relationship to &
number, such as, Wleg - two", was printed on each cerd in large black
letters. & list of the words is given in Table XI in the appendix,

Bach subject used two recerding sheets, ZEach sheet wss an ordinary

eight snd one-halfl by elever and one~hslf lined sheet of note paper.

Erocedure
The subjects were fesled in a single session, The experimenter

stood in frant-ef'ths group snd after.reading the directions proceeded to
hold wp the flash cards one &t & time st the rete of spproximately one
every three seconds. The instructions for the number guessing (eontrel)
phase of the experiment were as follows:

Put your name on the upper right hand corner of your
sheet, :

This is en experiment in writing numbers te words. You
will be shown s series of twenty-one words ohe &t a time on
these cards. The series will be repeated Tlve times., To esach
word you sre to respond by writing amy number from one to ten
inelusive on & seperste line of your answer sheet. One numbsr
to a 1line, Start on the top of the first line. Do not use any

system of writing numbers, but respond &8s randomly es possible with
the first number you think of, After you have written & number,
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cover it so that you cannot see 1t. Do not look back &t numbers
thaet you have written.

instructions for the experimentel phese were as followss

Put your name in the upper right-hand corner of your sheet.

This is e learning experiment. You will be shown &
series of tweniy-one words ome at 8 time on these cards,
The series will be repeated five times., To each word you
ere to yespond by writing any number from one to tenm inclu-
sive on & sepsrate line of your answer sheet, One number
to & lime, Stert on the tep of the first line. Do not use
any system of writing nmumbers, but respond as rendouly as
possible with the first number thet you think of,

Lfter you have recorded a mumber for & word, I will _
sgy “REFEATY or "DO HOT BEPEAT.® If I say "repeai" you ave
to try to repest that number when next you see that word;
if I ssy "do not repesi" you aye tec try not to repsat thai
number when next you see thai word.

After you have mritten £ number cover it se that you
cannot see it. Do not look bagk at any numbers you heve

written,
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The experimenter &s he held np the flash csrds said Prepeat’ for

the third, eleventh, and sighieerth card; for sll others he ssid "“do

not re#eat."

Seperete yecording sheeis were used for each phese of the experi-

ment .




CHAPTER III

RESULTS

The First Light-Up Experiment

Teble I shows the bird-by-bird responses in the first twelve hours
of extinction, the second twelve hours of extinection sznd for the toial
twenty-four hours of extinection. The conditioning figures for each sub-
Ject refleet whet the bird would have done in & period of time comparable
to thet of extinetion if it had continumed to respond at the rate of the
last five hours of conditioning., These latiter scores provide & base line
for thebcomputation of the-pereénxage scores in the last column of the
teble. The perventasges were compuied by dividing the extinctioﬁ rate
for a particuler period by the conditioning figure for the ssme period.
The percentage scores provide & more velid index of comparison'of the two
groups than the raw scores; the reasen for this being that the conditioned
rate of respanding is directly relsted to the exbinetion rate, that is,
in this type of procedure, what the bird did in conditioning cen be ﬁsed
2s & basis for predicting extinection behavior, In this experiment only
one experimenial bird had z conditioning rste higher than the lowest con-
trol bird, in 8ll other instances the control birds exceeded the experi-
mental birds. The percentege scores eliminaste this faetor and thereby
allow extinction to purely reflect the effecf of the experimental vari-

gble, in this case, light-up.

The results of the 1t test of the difference betwesn the mesns of

the percenteges of the light-up and conirol subjecis in the first half,



BAW SOOEES AND FPERCENTAGE SCOBES FOR LIGHT-UP AND CONTROL
SURJECTS IN THE TFIRET AND SRECOND TWELVE HOURS,
AND CCMBINED TVWENIY-FOUR HOURS CONDITIONING#*
AND EXTINCTION,

Pirst Twalve Bours

Group Conditioning Extinetion Per Cent®#
1 29712 2748 Q.2
Light-up 2 32136 5560 17,3
3 43776 6177 141
4 25603 5601 21.9
5 56203 15138 269
Conbrol 6 54840 58%0 10,7
7

32640 3830 o L1LL7

Second Twelve Hours

29712 1245 42

. 1 |
I:ighﬁ*u@ 2 32136 218 5 6 u:g
3 43776 230 o5
4 25603 605 2.2
5 56203 709 1.3
Contyrol 6 B4B4D . 290 ' N
7 32640 535 147
‘ Twenty~four Hours o
i 59424, 3993 6.7
Lighteup 2 L2792 TI4L5 12.0
3 87552 6407 T3
& 51216 6206 12.2
5 11216 15847 14,1
Gontrol & 109680 6120 546
7

65280 4369 6.7

#Conditioning figures were arrived 2t by compubing mean of last
five hours of responding snd muliiplying hy twelve or twenty-four,

' #¥%Per cont was computed by dividing extinetion rate by
~ conditioning rate.
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second half, snd ftolal extinctlon period ere reported in Table II, For
the whole twenty-four hour pericd of exbinction the light-up birds ex-
ceeded the'cuntrol birds although the difference is not sitstiptically
significant., 1In the first twelve hours of extinction the twe groups aie
almost exactly comparable. ‘The difference between the two groups in the
lagt twelve hours, however, demonsirates clearly the reinfereing effect
of light-up. Tﬁe difference is statiétieally glgnificant at the three
per cent point, computed both parametricelly by t end ron-paremetrically

because of the gross heterogeneily of variance.

The Second Light-Up Experiment

The stetistical ireztment of the dets from the seecond light-up
investigation varied slightly from thet of the first light-up. Sinee
the subjects were conditioned on 100 per cent reinforcement &nd equated
on number of reinforcements snd time %o eondition, there was no need to
control for conditioning behavior in c&mparing the differeneaﬁ‘between
groups in eitinctiong therefore, the raw scores, coded by dividing hy
100, were ﬁsad. A

Teble III shows the rew scores of the threes groups pricr to coding,.
The extinetion period for the three groups, APR group, 100 per cent rein-
. forcement group, and control group was divided into the firsi half of
exbinetion, second half, end tobal extinction period. It should be moted

thet po entry‘was made for bird three, AFR group in the seeond helf of

extinciion end total extinciion pericd. The reason for this being that in

the third half hour of extinection the bird jemmed the pecking window and



TABIE II

THE %+ TESTS OF DIFFERENCES EETTELN THEE MEARS OF
' PERCENTAGE SCORES OF LIGHT-UP SUBJECTS
AND CONTROL SUBJECTS IN EXTINGTION

First Twelve Hours
Group il Hean 8 % D. F. P

Light-Tp 4 15.6 5435 136 5 #51

S&eaﬂd Twelve Hours

Light-Up 4 E 249 2438 5 <03
3611"1}1"@1 3 1 wr » 59

Tobal Twenty-Four Hours

Control 3 8.8 £ab2




TABLE III

FESPONSES, BIRD BY BIRD, IN THE FIRST HALYF, SECOND
HALF, AND TOTAL THREE HOUR EXTINGTION FERIOD
FOR TWO GROUPS OF LIFERIMENTAL BIRIS
AND ONE CONTROL GROUP

Group Firsth Helf Second Half Total

8600 6510 15,110
4480 360 4y 820
1020 e e
4020 2690 6,710

APR

9460 1710 . 11,170
12950 - 1480 - Lhy 430
3082 580 3,662
2220 860 - 3,080

100
Per Cent
.R,

PV ok P pa E

2340 S e 3,040

P70 1560 8,570
4120 100 | L2220
2190 - 480 2,670

Conbrol

P ) 1 B
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subsequent pecking respenmses were not recorded. In ell comperisons bew
tweeﬁ groups invelving the AFR group the date from bird three wore used
for the first half of extinection but not for the lmst half nor the total
extinetion period, |

The t test of the difference between the means of the responses
of the 100 per cent reinforeement group snd the contrel group in the first
half, second helf, and total extinction pericd are reported in Table IV,
The 100 per cent light-up group showsd & superiority in number of responses
over the control group early in extinction, late in extinction, and over
the whole extinctien period, the largesst difference was at the thirteen
per cent point, in the second helf of extinetion,

The t test of differences between the means of the APR light-up
and control group, in Teble V sre consistent with the previous resulis.
The APR group was superior at all levels of analysis in extinction, end
the largest difference, st the eight per cent point, wés in the second
helf of extinction. | - | :

In Teble VI the two light-up groups asre combined for a comperison
with the control greup. The trend is coneistent with the previous results
in thet incressed stimuletion as reinforcement shows its grestest effect
in the second helf of extinction where the P velue in this case reaches
the six per cent point.

The results of the second light.up corroborate the resuli of the
first light-up in demonstreting the overall superiority of the incressed

sbimalation birds over the conitrol birds in extinction. The resulis of

the two experiments are also consistent in showing that the greatest



TLABIE IV

THE ¢ TESTS OF THE DIFFERENCES HEIVEEN THE MEANS OF
COIED™ RESPONSES IN EXTINCTION OF THE 100
PEE CENT LIGHT.UP GROUP AND THE
CONTROL GROUP

Firet Half of Exbinction (one end one half hours)

Group N Nean S K D. F. P
100 per ceni
reingircemen‘t 4 69.5 5148 1.07 6 .16
Combrol 4 3942 2249

Second Half of Extinction {one and one half hours)
100 per E:en*l; ' ” . .
reinfarcemeﬂ’h 4 13— 68 . 5:1 3. 123 6 nl."ﬁ“
Control 4 7.0 59
Tobal Extinction (thres houvs)

100 per cent , & e p ;
reiaforcemenﬁ & 81.3 55.9 112 7] ol5
GControl b A2 2743

*Responses were coded by dividing by 100 and rounding o the

nearest whole number.




TABIE T

THE 4§ TESTS OF THE DIFFERENCES BETWEEN THE MEANS OF COIEDH

RESPONSES IN EXPTNCTION OF THE APR LIGHTWUP
' GROUP AND THE CONTROL GROUP

First Half of Extinction {one and one half hours)
Gyoup i Mean 8 ¥ D, F.

AFR F A ) 31,2 231 3
Gontrol 4 39.2 29,9

Second Half of Extinction (one and ope helf hours)

Contrel FA T 549

.08

Tobal Extinction {three hours)

3 88,6 51,8 1.0 5
Control L b2 27.3

a8

#Responges were coded by dividing by %en snd rounding
nearest whele number,

40 the




TABIE VI

t CEST OF THE DIFFERENCES BETWEEN THE HEANS OF COMBD

AR REGPOUSES IN BEXTINCTION OF A COMBINED

APR LIGHT-UP AND 100 FER CERT
LIGHI-UP GROUP AND
GONTROL GEOUP

First Helf of Extinction (ome end ame half hours)

Group N Mean 8 % D, F. P

Lighbmup 8 57 vl 417 98 10 .17
Control 4 39.2 22,9

Second Half of Extinceifon {ene and one helf hmzrs)

Light-up 7 21,9 2.3 1,73 9 06
Gontrol FA 70 5,5 '

Potal Bxbinetion (three hours)

Lightup 7 84,1 50,7 1.6 9 07
Lonbrel b 4642 27:3
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effect of light-up is in the seeond haelf of extinction.,

Summary Analysisl

In Teble VII the results of the itwo experimentis reported above
are combined with the Jenkins and Brush (7) resulis to present & general
picture of the course of extinction under conditions of increased stimu-
lation., The individuel P values reported do not reach commonly aeccepted
points of significance {one or five per cent) except in the last half of
sxtinetion for two experiments. However, three additicnal P valuas.erowd
the point of significence, one mppeering for the last helf of extinction
and the other two for the totel extinetion peried. It is notewcrthy, |
however, that all the P values except one are in the direction predicted,
that is, in all three experiments the increased stimulstion group was
superior to the contrel group--except for the one case ¢ited above where
there was no essential diffareucas between the experimentzl group and. |
eantrsl.graup in the first helf of exxinctioa.

The c¢hi square technique of combining P values wes used ﬁg.nbtéin

the figures in the last column of Table VII. The P velue, using thigs

15, &, Pisher, Stetistics] Methods for Repeerch Workers (New Yorks
Hofner Publishing Compeny, 1950}, p. 99: ®ihen a nmmber of gquite inde-
pendent tests of significanee hsve been mede, it sometimes heppens that
elthough few or none cen be claimed individually as significent, yet the
ageregate gives en impresslion that the probebilities ere on the whole
lower then would often have been obtained by chance, It is sometimes
desired, taking account only of these probsbilities, end not of the
detailed compesition of the dats from which they are derived, which

ney be of very different kinds, to obtain & single test of the sigmifi-
ecence of the aggregate, based on the product of the probabilities
individuelly observed.®



TABLE VI

P-VALDES FOR THREZ INDIVIDUAL EIPERINMENTS AND CUNBINED
RSVALUES FOR ALL EXFERTMENTS

Firet Half of Exbinction

Exp. g Combined P
I ' 20
I ool
11l 17 , 085

Beeond Eal? of Exbtinetion

I . W04

s .03 |
IIT 06 003

Totel Extinction

i1 39
111 07 02
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tachniqué, should be interpreted as the probability of obieining individual
probabilities of 8 particulasr value, such as 085, 003, and .02, in & pare
ticulay dirsction, for exmmple, in fevor of a hypethesis that predicts
the superiority of one graup‘over another. |

The oombined P levels for the thrse experiments in the first half,
second half, and total extineiiom periocd were ,085, ,003, and .02, respec-
tively. This reflects & significant similiaerity in the resulis of the
three experiments st less than the ten per cenit level for the first helf
of exbtinetion and lsss than the Iive per cent level for the seeond half
Qf-eitinetien and the total eztimetion peried.

The oversll anslysis shows that glthough the P walues for the sepe-
rebe expériments in some instanees do not reesch asccepied points of signife-
icance, the resulis, except for one cited instance, are conslsiently in
the direciion predicied by the hypothesis. The significance af this
directionsl trend is obvious from an inspection of the combined P values
two of which are at less then the five per cent point, the third cne being
jﬁst beyond the five per cent peint. Furthermore, sz predieted, the great-
est effect of increzsed stimulation shows up in the second half of extinc.

tion.

The Third Light-Up Experiment

The resultis reported herein are for fifteen of the twenty-four birds
uged in this experiment, Nine birds were discarded for felling to respond,
————0f the fifteen responders six were light=up noise birds, five were light-

up birds and four were controls.
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The rate of operaznt responding over the ten hours wes gqulte erreatic
and & ccmparison of the three groups wes not smenable to parametric.methods.
In order to determine possible v‘hx‘ends in respending, it was deecided ’bp
compute & percéntage score by dividing the number of responses from the
lest three hours by the number of responses from the first three hours,
(see Table VIII) snd then employ Fishertls exact test tc eompare the per-
centsge scores for each group. This means essentislly thet &_bird-by—bird
comperison was made between sach of the three éraups on rzte of responding
in the last three hours compared ito rate of responding in the firsi three
hours.

In Tsble IX are reporied the P-values obtained from a comparison of
the percentsge scores for the three groups., The greatest difference found
was betwesn the lighit-up noise group and eonirol group where the difference
resched the seventeen per cent peint. The difference batween the light-up
end control groups reeched the twenty-sixz per ceni point and a comparison
of the light-up noise group end light-up group reveasled no essential dif-
ference., Although the P-velues ere not statistically significent they are
essentially in egreement with the results alreédy reported from the extinc-
tion experiments, that is, they are in the predicted directien. It should
be noted thet the two cue chenge mppears to be somewhat superior té the
one cue change; this letter finding iz in sgreemenmt with the resulis of
Horowitz's {4) experiment reported in Chapter I, where it was found thet
nolse plus sight-cf-food wes more effective as & reinforcer than noise

onlys




TABLE VIII

RAW SCORES® AND PERCENTAGES IN THE FIRST THRYE AND LASY
THREE BOURS OF A TEN HOUR OPERANT LEVEL YERIOD
0OF RESPONDING FOR TWO INCEZASED
STINULATION GROUPS AND
A CONTROL GROUP

/

Group SBubject Firsgt Three Hours Iast Three Hours Por Conb®®

1 1 & 400
Light-up ; 35» i 6”%
neise 2 1 2 200
5 5 3 60
1 2 1 2
5 1 8 800
o 3 55 2 2
Lightewp 16 1 é
6 3 3 300
1 ) io
N 2 5 1 20
Goubrol 3 6 1 17

*Goded by adding one,

*#Par cent secores were compubed by dividing the last three hours
by the first three hours of responding.




TABLE IX

TISHER'S EXACT TRST AFPLIED TO FERCENTAGE DATA OF
OFERANT IEVEL RESPONDING FOR THREE
GROUPS OF SUBJECTS

Group Miodian £ Hedian - P
Light~up-noise 4 1 w17
Sonbrol 1 3
Ligh.h”“@ A 2 g;%
Gontral 1 3
Ligh’bwuz:s-maiae_ L 1 # 34

L
d

Light-up

% f should be interpreted as sbove the median; =~ as below the




The 'Spread of Effect! Experiment

The level of repetition following rewarded repeated responses falls
progressively from 15.0 to 9.0 to 6.8 (see Table X). This indicetes that
when subjecis were rewardsd by the experimenter's ssying "repest® after
the subject had/written & number to the siimulue words at positions 3,

11, and 18, &nd on subsequent occasions when the subject learned to repeset
the seme number at the same position, a declining gradient was generated
Tollowing this response. The ebove fulfills the eonditions for a classical
'spread of effect' experiment, |

In the secoend phass of the anslysis the numbers repeated by each
subjeet were recorded for the three positipns fallewing non-repested
‘rawards& respenées.. When the experimenter said repest® =t positions 3,
11, and 18 and the subjeet did nct learn to repest, the lévei of repeti-
tion in the three positions follewing wes low end no gradient appeared.

4n anelysis of the centrol.data shows thet when the instructions
to the subjects were mot to learn but siﬁply to write numbers‘et'raﬁdom,
the number guessing habits of the subject were not hindered by the dis-
traction of learning and the level of repetition in the three positions
following any randomly repested numbsr wes reised te 26.6, 22,5, 20.5.
Farthermore, the gradient of repetition under guessing hebit conditions
was not gquite as sieep a&s thé gradient under learning conditione.

The overall results of this experiment are in the directions pre-
dicted. The level of repetition under number guessing conditions wes

higher than under learning (repested rewerded) conditions and a gradient



IABIE X

4

MEAN PEE CGENT RETEIITION OF FUMBERS BY EIGHIEEN SUBJECIE
FOLLOWIRG REPEATED REWARIED NUMEERS, NON-BEFEATE
REWARTED NWIEERS, AND RANDQMLY REPEATED
NON-EEWARIED NUHBERS

Position Fellowing Repstition

1 ' 2 3
Repeated - y -
Rewarded 1540 9.0 6.8
Non-repeeted p v . :
Rewarded 8.0 9:6 762
Tepeated 2646 22,5 20,5

Hon-rewarded -
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appeersd in the zbpence of reward, The gredient follewing a repeated
mmbey ﬁnder number guessing conditicns was not as siteep et the gradient
under lesrning conditions. No sfter-gradient appesred fellowing non-

repeated rewsrded responses, &nd the level of repetition wes low,




CHAPTIER IV
! DISCUCSSION
Increased Stimulation ss Reinforpement

The evidence from the two extinetion experiments indicates thet,
despite the initiel decremental effeet of cue cliange, the introduction
of 8 novel stimidus during extinetion tends to maintain behavior. This
finding constitutes evidence in favor of hypotheses 1. &) and 1, b)
which state: 1, a) During extinciion the strength of behevior will be
mainteined by a cue chenge associated with increased stimulation; and
1. b) The effects of & cue change associatéd with incressed stimulation
in the extinetion of a 1abcratary induced behevior will be greatest in
the second half of extinction becemse of the differentiel effect of
generalization decrement,

The results from the operant experiment, while not ceonstitubing
strong evidence in favor of hypothesis 2, indicete e trend in the direc-
tion predicted by the hypothesisz, Hypothesis 2 stetes: Operant level
responding under conditions of reinforcenent aséociated with increased
stimiletion will be grester than opersnt level responding without increased
stimaletion,

& brief review of the present experiments slong with experimentsl
evidenée from other sources in reletion to lncreased stimvlation as re-
inforcement should help to meke clear the implications of this research

to learning theory. Experiments designed to show the effect of increased



38
stimulation have been conducted on (1) the acquisition of behavior (con-
ditioning), and {2) on the maintenance of eonditioned behavior,

Two experiments using pigeons, Horowitz's (4), and the writer's
experiment, relevant to the role of increased stimulation in lesrning,
show thet removal frow the situation by a2 change in bshavior as & con-
seguence of stimvli impinging on the suditory receptors, or the visual
recepbors, or both are effective in imcresasing the rate of responding.
Preliminary evidence indicates thet & two cue change is more effective
than & one cue change. ‘

Ligon's experiment (11) and Sheffield's experiment (19) stromgly
indicele that an incresse in stimulstion, in cne case by an auditory
stimulus and in the other case by way of incresse in sex "drive," cen
serve 85 a reinforcer in conditioning behavier. These experiments in
eddition to demonstreting learning in the presence of igcraased sHimte
lation elso add generelity te the evidence by demonstrating the phenowm-
enon using a different class of organisms (reis) end a different experi-
mental setting from those used in the previcusly mentioned experiments,

Three experiments, one by Jenkins ei., al. (7) and two by the writer,
show thet an increase in visuwel stimuwleiicn which changed the organismls
on-going behavior played a positive role in the maintenance of & learned

behavior in pigeons.

The Centiguity Explanstiocn

Contiguity theorists mzintain thet the mechenism of reinforsement

is & cue change thel removes the orgenism from the situetion by chenging
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its behavier. Such a state of aeffairs serves to produce learning hy
changing on-going behavicr se that the organism cannot learn new behavior
to the cue situstion; therefore, on subsequent occasions in a like situa-
tion the orgenism will do whet it last éid in thet situstion, It logicélly
follows thet the mers the animal'’s behavior is changed, without physical
impeairment, the grester will be the learning.

It also follows thet the more the total cus situvation, previously
aésociated with a response, is changed the greater will be the decrement
in responding, This 1s the phenomenon of generslization decrement pre-
viously'éescribad.in Chapter I. The implicetion of generslization decre-
mant to the phenomencn investigated in the present study is thet in &ll
instapnces the experimentsl birds had & novel cue change intreduced in
extinctien, while the conirel animals did net; therefore, aay reinforcing
effect thet the cue change might have by way of removing the organism from
the siiuatian must have first overcome the decremental effect of total eue
change from conditioning to extinction. .

The results of the three experiments conducted by the writér ean be
explained by the above generalizestions without additional assumptions.,

For exawple, the light-up sssccleted with pecking is known to have behav-
ior chenging characteristics. Birds observed during an experimenisal
session showed ean esppreciable decrease in responding; obviously, this was
& change in behavior, Furthermore, it wes found that & two-cue change
{increase chenge in behavior) wes somewhet more effective then & cne cue

chenge even when the level of responding was extremely low a&s in the

operant siudy. In the operant study, il should be recalled thet the birds
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haéd no previous history ef sonditioning, that is, pecking the window in
the epparatus hed never been reinforced. When placed in this free re-
sponding eitustion it wes assumed thei in the course of activity some
animais would cecasicnally peck the window in addition to pecking cther
perté of the box. This sssumpiion was justifiedp—fiftaan of the twenty~
four birds peckéd the window at leagt onece. Those thet hed increased
sbimuletion following pecking showed an increasse in rate of responding
over the contrel birds from the first three Yo the last three hours of
the expariﬁental seseion., The rssuits of Horowitezls (L) study sdd
genefality to the present findings,

Preliminany data from the second light-up elso indicete that there
is & direct relationship beiween zmouni of behavicr change {removal from
the situetion) and reinfercing effeet of cue change, In that sxperiment
there were two light-up groups, & three minute 4AFR group, and & 100 per
cent reinforcement greoup. When the deta were anslyzedvfﬁr the first half
of extinetion (prior to losing the lowest responding APR bird) the 100
per cent reinforcement birds were superior o the AER birds at the 23 per
cent point. It is assumed here that light-up following every peck or
burst of peeks is mere of s removal cue than light-up on & three minute
AFR schedule,

The results of the latter experiment elso showed evidence of a
loss in generslization decrement in extinection when 2 cue previcusly
agseclated with feeding was reinsteisd ir extinction. In the second

light-up, all birds were exposed to the sound of the food megezine's

turning during extinetion. The magazine's twrning haed slso been
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associated with peeking in the conditioning phase of the experiment. The
reinstetement of this cue was one fmctor thet accounted for the relatively
high rate of_respenéing of the birds in the seeond light-up compared tol
the birds in the first light-up, One way to put it 1s thet the birds in
the second light-up were extinguished in a situatier more like the con-
ditioning situation then were the birds im the first light-up.

4 drive reduction theorist might-claim that the high rate of
responding in the second lighi-up could easily be accounted for in terms
of secondary reinforcement. This explanstion with other drive reduetion

grgments will be commented on in the section to follow,

The Drive Reduction Explanstien

The drive reduction position on reinforcement meinteins that in
order for lesrning to take place there must be & deersese in stimulstion
(drive reduction) or a stimmlus must be present that has previously been
closely assoeciated with the reduction of & drive (sacendary reinforcement).

It should be pointed out thet those who advoceie contiguity theory
do not teke issue with the empirical evidence for lesrning demonstrated
by those who hold te a drive reduction pesition; they merely point out
that contiguity theory can adequately handle the drive reduction evidence
plus the evidence that iz embersssing to the drive reduction position.

It might be said that that clazss of behsvior explained by drive reduction

constitutes but one case of behevior explained by contiguity theory. For

example,'no one would Geny that food for a hungry orgenism is & very effec-

tive reinforcer and no one would deny thel, given s sufficient period of
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time, ingested food provides an effective means of removing the cues
associeted with food deprivetion (drive reducing) but issue is teken with
the notion thet learning can occur only &s & conseguence of drive reduc-
tion or itsisurrogate, secondary reinforcement, or its step child, ter;
tiery reinforcement, The single-principle statement of reinforcement by
A ﬁahtiguity peintains thet food for a hungry orgenism is & vafy effective
way of changing the organism?s behevior so thet it will do what it last
did prier to esting, Also it might be noted thet esting isstrongly ssso-
cigted with beheving "activity,® and activity, in turn, ie asscciated with
food., It seems reasonable that these pre-experimentel habits are carried
over to the experimental setting. Hypothesizing reduction in stimilation
as & necessery condition for learning mey be superflucus. In fact, as
Jenkine (7) points out, there may be & hidden fellacy in interpreting
eating, drinking, ete.,, 8s drive reducing in that the sctusl behaviors
invalveﬁ in these terminel responses mey constitute an igcgaasg in stimu-
lation. Thié guestion cen be tested experimentsally.

It is believed that @ prohibitive number of sssumptions must be
made in extending drive reduction theory to account for the evidence from
the experiments reported in this paper. The possible explanations for the
phenomenon of inereased stimumlztion as rginforcement would probably make
use of two assumptions: first, that some uncontrolled drive was reduced
by light-up, or, second, that the light-up was & secondery reinforecing
agent.,

With regerd to the first assumption it might be said that pigecns

have an innate drive to sesk light and the increased rete of responding
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merely reflegts the reduction of this drive. Evidence frop another source
indicates that this is highly wnlikely., Jenkins (7) demonstrated that
when & peried of black-out {(turning off the source of lighit) was substi-
tuted for food in extinction the cue ehange sssogiated with black-ocut -
nmaintained behavior. &ince both Increase in stimulation and decresse in
the same source of stimulation have been shewn o maintain behavier, it
is unlikely thet pigeons have & "naturel® drive teo seek light or derk.

It is possible that other drives might heve been operating such as
en exploratory drive, or & curiesity drive-—or even sex--and they were
reduced by the animals activity in the apparatus. The possibility of such
assumed drives cannot be refuted. It seems, however, io be more parsi-
moniocus to account for the phenomenon of learning with & single general
prineiple than to "invent® drives to account for every sxception to the
drive reductien pesitien,

The secondary reinforssment explanstion of the reinfarqing effect
of light-up would necessitste meking en sssumpiion that sometime in the
pest history of the orgenism, increase in visual.stimnlatiﬁn had been
essociated with the reduction of & drive and this was associzted with
pecking et something similer to a pecking window, This rether tenuous
explanation does not seem adequafe in view of the laboratory procedures
used in hendling the pigeocns. To the best of the writer's knowledge no
systematic increase in illumination had been sssocizted with the pigeens!?
pecking in their home cages., As & matter of fact, constent illumihation

wes meinteined in the animal coleony.
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The seeondery reinforcenent explenation of the high rate of re-
sponding af the birds in the seecond experiment compared to the lewer rate
of responding of the birds in the first lighit~up is in no way incompatibla
with the evidence. Secondery reinforcement in this instenee can secount
for the high level of responding, but it does not seem that it can sccount

for the superdcrity in responding associsted with inereased stimulation,

-Guessing Heblts and the "Spreed of Effect®

The results of the "spread of effect®™ experiment constitute evidence
in fevor of hypotheses 3. &), 3. bj, and 3, ¢) which stzte: 3. a) The
gradient of repetition following rewsrded repsated numbers will be steeper
than the gradienit following chance repested numbers., 3. b) The level of
repetition will be lower following rewarded repested numbers than under
guessing conditions, 3. e) There will be no gradient fclloéing rewarded
pon~repeated numbers, These resulis car:aberate-the findings of Sheffield
and Jenkins (18), and can be considered additional evidence for e contiguity
explengtion of the "spread of effect.®

The after-gradients of repetition follewing rewarded repetltions
indicate that the non-rewarded gradient is higher than the rewarded gra-
dient. This is interpreted from the contlguity position in terms of the
digtracting effeect of instruections {to learn on number guessing hebits.

This explenation is based on the empiriesl evidence that people in our

culiure have well esteblished number guessing hebits; further, that in an

experiment of the "spread of effect" variety where the subjeets sre in-

structed t¢ respond to words with numbers, the number guessing habits
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will play 2 major rele'in'the seguential order in which the numbers sre
repeated, ahd thsi, in addition, rewerd does not account for the rate of
repetition nor the after-gradient becsuse reward was not present. ZReward
of a repeated number serves o enchor the number so that previonsly asﬁab»
1ished hebits of guessing can opersie, In fact, the action of a rewarded
repetition with instructions to lesrn, appears to cause the subject to
concentrate on the task and this interferss with his number guessing
hebits. The after-gradieat fcllewing rewarded repezied responses and
the after-gradient folleowing non-rewarded repested responses besar this
out., The level of repetition i= higher when the subject is not distracited
with instructions to lesrn. Purther evidence indiesting that reward does
not scoount for the after-gradient is seen in the overall low level of
repetition and lsck of the after-gradient following repested nop-rewarded
numbers.,

The econtiguity pesition thet the hebits the suhjéet brings to the
.situatien with him can best aceount for the clasgicsl "spread of effect®
phenomenon, without assuming the aetian.af drive reduction by way of
reward, or by wey of Thorndike's "eonfirmsiory reaction," is borne out

by the experiment reported in {his paper.




CHAPTER ¥
SUMMARY AND CONCLUSIONS

Three experiments were conducted to study the effect of incressed
stimulation on behavior., The experiments were designed to test the impli-
cation §f_drive reduction as & reinforcing sgent asgainst removal from the
situation by cus change &8 reinforcement. In one conditioning experiment
incressed stimulation was introduced by & visual stimulus and a conbina.
tion of an auditpzy stimulus with & visual stimuwlus, In two exhinction
experiments incressed stimuletion was introduced by an increasse in visual
stimulation.

The conclusion drewn from these experiments were: 1.) thet in-
‘cressed stimulation can serve &s & reinforecer in the aequisition of
behavior and in the maintenence of behavior. 2.} The evidence indicates
in & preliminéry fashion that a two-cue change iz 2 moré effective rein-
forcer than a one~cue change. 3.) Incressed siimmlstion of the variety
used in these experiments is more effective in the latter stages of
extinction tham in the earlier ones because of the decrementel effect of
cue change early in extinction,

The three'ex@eriments were interpreted as evidence for the conti-
guity principle of reinforcement and es evidenee against the drive
reduction point of view.l

Une experiment was conducted with humens to study the implieations

of guessing sequence habits or the 'spread of effect' phenemenon. It was

found thet the level of repetition was reised when reward was omitted,
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Furthermore a low level of repetition without eny after-gradiernt occurred
Tellewing non-repegted rewerded numbers in 2 learning situetion.

Ihe conclusions drawn from this experiment were that the number
guessing habits & subject brings to the test situstion in & 'spread of
effect! experiment can adequetely account for the 'spread' phenomenon
without edditionzl assumptions about the reinforcing effect of rewerd.
The experiment was interpreted ss evidemce in favor of contiguity theory

and negeative evidence for the law of effect.
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TABLE XII

WORDS USED ON FLASHE CARDS IN YWSPREAD OF EFFECIW EXPERINENT

1, YET 11. HAM
2, BOB : ' 12, HOD
3. FED 13. DAB
4o FIG 1 NUD
5. ROD | | 15, GBI
64 CAP 16, LUe
7. UEB 17, TFIX
&, RUG 18, GAB
%, YR 19, BID
10, ©98 ' 20, TAG
21, %UB




TABLE ¥IIZ

HEPETITION COF NUMEERS IK THREE SERIAL POSITIONS FOLLOWING
A FEFEATED REWARIED NUMBER, AND FOLIOWING A
NON-HEFEATED REVARIED NUMBER WITH
IRSTRUCTIONS TO IEARN T0
HEFEAT REWARIED NUMEERS

Bepested Rewnrdod Non-repsated Rewsrded

Subject 0 1 2 3 0 1 R 3
1 & O 0 o g 0 0 1
2 iz & 2 0 0. o 0 0
3 g 1 2 0 4 & 1 1
& 4 ¢ 0 1 g i 2 1
5 iz 2 | 1 D | 0 0 0 o
b 1l i 1 i £ i G
7 6 i 0o 0 3 0 0 o
g 5 1 0 i 7 b 2 0
9 7 1 e 1 5 G 8 0
10 g 2 2 0 3 t e o
11 12 2 i 0 0 o D 0
iz & 0 1 &) 8 1 1 1
13 0 G 0 10 0 i K
14 5 0 0 1 T 1 0 1
i3 10 & 0 2 2 0 1 1
16 9 0 1 1 3 0 0 0
17 6 1 1 & 6 9 1 i
18 7 0 I 1 5 1 1 ¢




BEPETIFION OF NUMBERS FOR THREE SERIAL POSTTIONS AFTER
REPEATED NUMBEERS FOLLOWING INSTRECTIONS TO

TABLE XIV

WRITE NUMBERS QME T0 TEN RANDOHLY

WITHOUT REWARD

Subject rogition |

0 1 2 3

1 13 0 0 0
2 2% 2 3 2
3 1 3 5
& 33 & 8 3
5 19 1 4 2
6 36 9 10 13
7 28 iz é 4
g 20 7 3 3
9 o 5 5 6
10 % 9. 14 9
11 60 2% 22 15
12 39 14 12 9
13 25 5 4 5
14 26 4 3 7
15 42 21 12 11
16 36 6 4 5
17 17 3 1
18 W 12 8 11
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