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of partial reinforcement. According to this theory,

O
=

C

((p)
-
O

-

Jnuamvariety}of learnlng sntuatnons, delay of

'rennforcement has been found to resu]t ina ]ower Ievel

of responding (Per1n, 1943a, 1943b; Pubols, 1958; Ramond,
1954). There is some questlon (Harker, 1956) whethen the
asymptote of learnlng or only the rate of approach to
asymptote is affected by delay. lnvadthion, dEIay_of

reinforcement has been shown to increase‘reeistance to

extinction (Fehrer,“¢956 Harker, 195675 Pubols , 1958).

3 _
Varnous theorles have been offeredxizwaccount for

@

the effects~0fbdelay'of reinforcement; ‘The present #

experiment is designed to test an'exteneiOn'of a theory

presenteo;by”Weinstocké(1954, 1958)'ooncernﬁng'the effects

continuous reinforcement may result in a réesponse chain

1 For

that contains "accessory non-functional movements."

example, Guthrie and Horton {1946) observedugafs;who;ibefore

pushing e-poie to obtain release from a Qu221eeboxg touched

. 5

responsess occur in a response chain followed by teranal'

_reinforcement, they may be b uilt into thg, chain of responses

St 8

<thei'is&finally$c€nditioned. Weinstock observed that non-"
reinforoed‘tria1s wbb]d"provide»an;opportunlty‘fot non=:-

functional response components in the response chain to be

eliminated. Trials on,wnichareinforcement is delayed may

provide the same opportunity. There is evidence that

eSO A G ARt L S RO E SO G SR

FERREN P T
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a particular wall of the apparatus. Thus; if .non-functional . "%
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responseS‘Which compete with runninguafe eliminated for,

at least, a reasonable=proportion'of the §s. Spence (1956)

- ) cxgieg-stud(e;‘By Harker, Schllllng,and Car]ton, ponnts dﬂi
' ﬁfmthat some of the Ss spend the delay perlod ina flxed posutlon | Z
at the place where. the rennforcement is to be delivered. . %
Apparently,, ihezgs who spend the delay period without E
making competing responses run as rapidly‘as_§§ who recéive; é
immediate-reinforcement. It seemseﬁhat-the s lower mean speed §
of running for groups of SStUhdeh delayed reinforcement s é
. <»  +due to the Ss who make competing responses in the delay per}od %

;f;Eer_ghese,§e<;tTmJghiobe,expeeteew{hate%he~cempetregureeponsee' I
would also occur in the alley, since many of the stimuli which
occur in the ‘goal bex ere‘alsbfpeesent in the alley. ‘
2 Accordlng to the views developed above, i1 would be
) _;expected that the Ss who sxt" durnng the de]ay perlod wou]d
*admsp]ay a;response-chain with veny»few or ng nonffunctyonal
response components. On the other hand, .the sitting response
may genera1|7e to the alley producing heSItatlons If these
Ss* are swntched to Jmmedlate renmforcement rt:wou}d berexoecfed
that the hesitations wou{duqe»eliminated“(sfnCe{heyﬂare no

“longer suoported by the goal box behavior) and. that the Ss.

wou ld aciually-run;fasfer than Ss WhOrreceived all of their -
training undef |mmedtate reinforcement. Thus, the desngn of
‘the present study conS|sts of deiay (0, 7. 5 aﬂd‘]5”5€€m) )
followed by a phase in WhICh all groups receive: lmmeduate |

;rexnforcement
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lt mlght be noted that the design of the present
expernment |s snmllar to that of an experlment by Harris,

Smith, and Wennstock (1961) on partial rennforcement Jn,

.(§

that study, partlally reinforced Ss were swutched to

continuous rennforcement and showed faster running after

‘the change and also-faeter“ruqning than.§3'who;had;received

only countinuous reinforcement. Faster running was expected

'kﬂi-the”fhéd%etTCéT”gfﬁﬂhd§“fﬁét”tﬁé”ﬁbﬂ¥fefﬁTOrced"trfa]s
of th@?par;ial reinforeemént pro@edﬁre-Shoqu;have led
to a ”purer"cgainof respnnses, o - |

. lﬁ~eXtinc£10n, thesamefreasbhingmaY"be apﬁiied4<
'The groups that have been delayed durung acqu:sntlon
would have had mor e hab:tuatlon of the competlng responees
”'that oeccur in the goal box. After comprettpn,of a Fun in
exﬁinctieﬂ; the QFQb@Q]TityiOf occurrence of a competiné
response'sbould be smaller for the deWaY.QFCHDS, and there
should be less interference with the runningaresponee.
'Thus, the delay group$ should be more resxstant to EX ~
tinction. lncreased resistance to extunctlon of del ay
groups hae~been shownfby Fehrer (1956), Harker (]956),

*aﬁdieﬂﬂﬁléleQ§§lLJ;IheugpesenﬂgStudyeseeKSfiQ-rep]iceteﬁ




., METHOD

Subjects. Ther Ss were 75 femaTewe]binefrais;Qf a

‘ijetaf etrain,90=LOd~days old afﬁthe begfnning_ef ﬁhéa
exper iment. They were seﬂeeiedffremmalarger group “of
90 Ss. Each of the~901§§ received 6*trainin§'triafs '
~with no delay of reinforcement. The 15 Ss with the

smallest mean reciprocal running times for the 6 trials -~
were discarded. ) o | o

Durrng tﬁ//course of the study, flve Ss were lost. -
bf these, three dled from unknown causes, one ‘wag' eliminated .. - - .

=4

”because xt bit E repeatedly,_and the other was discarded -

O—

because it fauled to run on the early acquisition trials.

vAnparatus The apparatus was stranght runway with

en L-shaped goal box. The apparatus was made-ef'3/4 in.
nTywood, and was b5 in,;Wide-and 5 in. high*%hhouyhouf@
The startung box, a]]ey, and goal box were 9 ./2 i'm., -39 -%-
i 1. and 17 ln, in length, respectlvely Guillotine doors
separatej the starting box from the alley and the alley
- from the goal box. The arm of the L-shaped goal hox was
2 1/2 in. Tong. '

A drlnklng tube, similar: to.the tubes used durlng

'regular waterxng nernods, ‘was located at the end wall of

“a;wtne.arm of ~the L. horizontal slld:ng door could be iﬂ':“WMM | 4

r—

inserted 1 1/2 in. in front of the dr:nklng tube to prevent

. access to reinforcement durnng the delay intervals and

during extinction.
The entire apparatus was left in its natural finish

and we s‘covered with 1/4 LﬂxwiniikwhiﬂggdmP}exigiaé,"1‘

P U RN P e
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Lighting was prOVIded,by,four dOw, bu ]bs w2 b 1/2 i

apart p]aced 37-1/2 in. above“fhe'abparatuéffaThe entire

apparatus was placed on a table 3 in. high.
| | Slots were cut in the sxde walls to permit the passage
of light beams. A nfcroSWltch on-the $tartfng'boxvdoor
started two standard Electriéi;OTreee.iTimers~when the
-daoriwaS-npened. When S broke a photoelectrldw%eam 1 1/8
7 £ rom fhe:startﬁng bok door,«the first twmer stopped. The
' second timeristdpped:when:§;hadfintérruﬁfEd a photoelectric
‘dwwb§5678:'/2”i°f:béYOhd“{hé*entrY”f@”%ﬁe Qoal'bok~**ln{errupiienm7
- the second photerell beam also started a- Ihlrd timer. -Thia:'
'was ‘used to time the delay peruod and tne 1nterva1 durrng

which the.gmwas given .access to the drinking tube,

Procedure. The Ss were assigned haphazardly to cages,

fhree to four in a cage. Af%er'tWO days of habituation to
the anihal colony;rfdey were blaced on a 22 1/2 hr. water
deprivation schedule. For the next five days; each S was
handled approximately 50 sec. daily.

The Ss Were“a&signed.randomly to one of three groups
ewhie% redeived 0, 7.5 and 15 sec. d ]ay of reinforcement

[

respectively, Under 21 to 22 hrs. of water deprlvatnon and

with an intertrial interval of 24 hrs. ATl Ss were given
O six triaie of trainfng with ne delay df nernforcementa On
triaTS.T through 41 the Ss were reinforced according to the

:grouQs‘ta-whichkihey had been assigned. On trials 42 through

77, all Ss recetved no- delay of relnforcement On trials

f78 through 96 Ss recelved extlnctlon During extinction,

" | Ss |cmﬁlﬂed in the goa? box for 20 sec. s T

s et




e N T ko

- - The typical procedure—on- amtrtatveonStsted‘Of TE“”M;iﬁ“”“{fg
movnng S from its home cage and placing it in the starting .
| bQXs Ftve:sec- later, §;manua]1y opened ‘the guillotine ->\.:;§n
-;door. 'AfterS entered the goat box, a QUI]]Ottne door .
was closed preventung retraCIng On at] ‘training andwteet
trna]s excluding extlnctnon, Ss were allowed 30 sec. aACCEeSS »
to the drinking tube. They were then removed from the
.aonaratuSgand returned to their'homeoagesan ﬁ
Latency was defined as the lnterval from the openlng |
'.$ffof the startlng box doorwuntll é broke a ohotoelectrlc o
. T,.,taean'ljd /8 ;n from the- starttng box door. Runnnng tlme

was deflned as the tume between the opening of the door

and the breaknng of a second beam 8 1/2 in. inside the

\ goal bok. | - .

RESULTS

The reciprocals of the running time and latency
measures were determined for each trial. All analyses

were performed using the reciprocal measures,

Acqussntlon Delay Phase ln Fig. 21’.,_-__itit-ju’fe?-;fr],j]éagr,)_= e

nreCIprocal runnnng tnmes are Dresented in blocks of 6 . §

treials.” |t may be seen that during the first 7 blocks =
o R =i - : | o , |
- e, ax‘of~trfats“§?5up”7;5zand group 15 crossed at various points 5
A E

i

and showed roughly the same level of condltnonnng Grodpw

0 was dlstlnctly supernor to both delay groups.
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AV.recnprocal running. times for the last two blocks of 7'fhw;%

ww;jpgmmth@wgecondwgiggk of.iﬁdalﬁuﬁhwﬁwwﬂw9~»wwwwwwwr”

er“-'-subdnvnded into sets of three and the variance of each

(RO SRR e 7 . v
A e P e gy .
DA TN A a ORI R At e s pr TR P2 PR AN et > )
RS RERE O SN by i it s R AR S Y (e a0 T S W +
R X
N H

‘w;of both Group 7 5 and Group 15 Dunnett 'S test ylelded |

. . R PO U RN
. e Batmile = e e L e e o e . N T . R : : gt
. e e g 1 e Sesaaidle 0

J=A1Kru9kal—Wal]is H test was performed on the mean

trials. AnH of 14.16 with 2 4.f., obtajned for the
afdelay of relnforcement var:able, |s s:gnnflcant at the

5% level. A Kruska]-Wa]]ns H testﬁpn:the mean_recuprocal

latencies for the same'two;bTooks of trials yielded an
H of 14.88 with 2 d.f. which ia*stghifjcant at the 5%

Acquisition—No'De]ay Phase. From an }, it may

be aeeh that group 15 is superior to the other two groups

A Kru;kal—Watlis H test on reciprocal running t}mb S _.‘ h
for trial blocks 5 and 6 yielded an H of 6.60 with 2 d. f - _
_Which is significant at fhe~5%'I$V€1, A sinilar analysis S
on the mean recuprocal latencnes yle]ded an Hﬁofws;Tgumhmw

q——
.

with 2 d.f. Wthh is not sngnuflcant at the 5% level.
Mean reciprocal:runnwng time was computed for. each
;§ for trials“55'thhough:785 Apnooedure”éimftaﬁtosone.
fsuggested byVSCheffet(T959)'for;test?hg hom@geneity of
;fvarnance was used to test whether Group 0 dnffered in

:varnabnlaty from either Group 7 S or Group 15. The mean

irecnprocal runnlng tumes for each group were randomly ’

,set of three was'oomputed. The.]ggs_gf theivardances
were then computed andﬁDunnett's'tESt (DUhneft:H]955)

was then computed on the log Varfances Although the

awnthln group varnance of Group O was roughly twnce that

T -
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”t”s Wthh were not sngnnfucant at the 5% evel for both

_the compar isons of Group 0 with Group 7 5 and Group 0 with

~Group 15. .
The var iance of the recnprocal running tnme was computed
for each S across trials 55 through 78. The log of the

variance was then computed to transform to a normally =,

.dfstributedvarfable. An analysis of variance was then:
performed on the—fransformed variable andiyfeldedian.ﬁ;of
'1,88, with 2 and 67 d.f., which is not sfohiffcant at the
5% Tevel. B

Extlnctfon. From Fig. 1, it can be seen that all

S . three groups extnnqunshed rapndly It would appear thath.
Group 15 showed greatest resnstance to extinction followed
by Group 7.5 and Group O. However, the dmfferehces,ih.i
extinction could be due to dlfferences at the end of the

no delay;phase, Thus, covariance analy515 were performed

N =

ofi themmean~reciprocaT Tatencnes and runnung txmes for all
- L 18 extinction trials (trfaTS‘79+96), the first 9 trra]s
(trials 79-86) and the last 9 trfals-(trfals=87;96f with
the mean reciprocal on the last 12 trials of the no de]auﬁ
ﬂphase as the control varlable.é The covarlance anély5|s ;fﬂ“

Were performed to remove the effects of the dvfferent

B T T T N BT e e ey o
; [

§ termnnal speeds of running. The results of the analysis

of covariance are presented in Tables 1, 2, and 3. The

differences on theﬁrecrprocal running time measure were

all significant at the 5% level. The differences on the

reciprocal latency measure all failed to reach significance.

N e e
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“{a) Summary of analysis of covariance for mean reciprocal

running time for extinction trials (79-96)

P P Mean -
Source Sum of Squares ~ df Square F

¢ s f .
Total 5, . 863,827.20 8

R

Estimated  736;234.02 66 11,155:06
Error -

Adjusted 12759318 2 - 63,796.59 . 5.72%
-+ Means Co T | S

[
Rl

T
RN

{b) vSumMary of analysis of CbVariance;fnr mean reciprocal
-, latency for extinctien trials (79-96)

e, . - B A
. ‘g A . -
. - : ¥

- Source Sum ‘of Squares: .df SO F R

Total 53,513,804.27 68

Estimated 52,827,725.80 66  800,420.09
Error

Adjusted  686,078.47. 2  343,039.24 .
/ Means - Y -

J
i~

:v

-3 "




Table 2

(a) Summary of analysis of covariance for mean reciprocal

running time for extinction trials (79-86)
df - Mean

Source Sum’of Squares Square>:ﬁvJA~F:

Total — 976,457.58 = 68

Estimated  -.845,151.83 66 12,805;33.
Error : L E

Adjusted  131,305.74 ¢ 2 65,652.87 5. 126%
Means SR L . .

(b) Summary of analys:s of covarnance for mean recipracal

latency for extznct:on trka4s (79 36)

e « e 4;':"\1-' Ln/"

§OUFCE Sum of Squarés df Mean

| ~Square

Estimated 65,466,070, 22 66 991,910. 15
Error | ﬂ |

Adjusted 2,094,816.83 2 1,047,408.42° -
Means - . |
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(a) Summary of analysis ofcovafiancehfor mean réciprocal

Funning time for extinction trials {87-96)

Source . . Sum of Squares df Sgﬁzpe F T

Estimated  1,039,915.50 66 15,756.30
Error . : - )

_Adjusted  206,862.53 2  103,431.27  6.56%

=

(b) Summary of analysis of covariance for mean reciprocal
Iaienay'ﬁxfe*ﬁlneffaﬁfUﬁhﬂs;(87?96)
G g i Sum of Sqpare 4 - Mean R
Source Sum of Squares df . Square F
. Total 82, 148, 043. 80 68

Estimated 82,118,849.05 - 66  1,244,244,99 '~
Error -

Adjusted . 29,134.75 2 14,5738 -

3,05 (2,66)4= 2.39




JZxWWr’ ” DISCUSSION

) The following ma jor resutts wi11'be‘discu33ed”

"T. In the delay phase of the experiment, Group 0 ran

faster than Group 7.5 and Group 10.
2; In ‘the no- delay phase Group 15 ran faster than
Group 0 and 1.5,
'Bﬁ In the extinction phase the longer the de]ay, the
greater the resistance to extnnctlon
The results of the delay ohase serve to replfcate the
flndxngs of Harker (1956), Perin (1943a, l943b Pubols
'f:_w;' (1958), and Ramond (1954). The casual observatlon was ‘made
| dfhat some of the delay of reinforcement Se remained close
tofthe piaCe-where reinforcement was to be dellvered while -
...... vothers moved about the goal box durang the de]ay period.
- lt appearedfthat Ss in Group 15 moved abdut the-goal box
- more than Ss in Group 7.5. This observation is similar
to observations made hyiHarker and Schitting (Spenoe, ]956lw
and lends support to an interference theory of the effect
of delayﬁof reinforcement on speed of running The ID&CF\&
ference theory states that competlng responses made ln the "
goal box generalize to the a]]ey and result in slowar running.
Since Group 15 showed mor e compet:ng behavnor in the goal
box, it might be eXpected to run more s lowly than‘GroZp [eD.
It should be noted however, that the difference in speed of

runnxng between the two" de lay groups was smal]

b

N




14,

Therfaster running ofdGroup 15 in the no-delay phase

of the experiment lends support to the theoreticat'views

o~

Land Welnstock (196]) mnght also be regarded as operatlon fﬂw

\tlnuously reinforced Ss would also appear in a finite delay o

P ol o sy e rp—
S R S e O Y R s oyeres s

~eerve~te“suppprt the above view. |t% Shdutdahe noted that
. the extlnctlon result |Swpred|cted by the theoretlca] vnews

;]ead'”g to th'S StUdY To some extent those M tews rec%f

that gave rise to fhe present experlment thle the

.prednctlon that the detay ‘groups would run more rapld]y was © ¢
confirmed, it should be noted that the result might we]l be

expected largely on empirical grounds. Partnal relnforce-

ment may be regarded as delay of reinforcement with an

tg.very Tong delay. ~Whatever Brocess resulted

;pnfnntte
in the faster running af the partially reinforced Ss in a

comparable swntch to no- delay in the study by Harr:s, Smlth

a finite delay of re;nfprcement“situatioh.

~ Again, if.partial reinforcement is'regarded;as.”infin;ten

delay of reinforcement, it might be expected ‘that the greater -

,eeiavwreStetance—te extaactteﬁ—et-paf%ratdyrae cpmpared With- coms—wrrne—

of rennforcement SItuat:on The ext;nctron,result.of the

present study, a]dng with the prior studies (Fehrer, 1956;

Harker, 19563_Pubols, 19581wuhoee,resutts it“repticates,

%

R e

i ve AL
v |

support both from the extinction and fo-delay phase reeults
of the present experiment.

Our final point meruts dnscussxon;.the failure to fsnd
sngnnflcant dlfferehces on the latency measure durlng the

g
no- delay phase and during extinction. Genera]ly, running
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time measures have been found to be more sensitive to the

effects of varPOﬁs'exPerimehtal variables théﬁ/liigﬂgxﬁ;ffﬂwﬁﬁ#_wwnm

~—measures.  In the present experiment, in particular, the
_method of obtaining the latency measure might be expected =
to produce a large amountwof variance. SpEGifjcalIy, tﬁe;;
timers werestartedby a microswitch which was activated

when the door was fully open. Any irregularity inmﬁhQT 

v eOPeRERG-of—the door Wou 1d Thcrease thé'unreliability qf’

riboth time measures, but would have a larger proportional

© . effect on latency than running time. ) o *
| AT S V' e T . -

. M‘“




behavior during subsequent frials with immediate rein- **

Covariance analyses, in which the terminal running speed

# ' B ) #g

e T T SUMMARY

h;ihﬁsfexporimentotesied theuhypothesisutwat-deﬂay“*ﬁ~*~

@f‘pginforgemepthouid result in superior rumning

forcement

Three groups of 25 albino rats.each were given

42 trials with 0, 7.5, and 15 Sec. @elay of reinforcement,

_resggotively, in a runway. A11a53 were then given 36

trials with no detlay of relnforcement fol]owed by 18

.q

extrnotrop.tr1als‘ @JI tr:als were given under 21 to 22

hours of water deprnvatnon and 24 hour nntertrlal lhterval

In the delay phase Group O ran sugnlflcantly faster

#

than Group 7.5 and Group 195. !n the no=- delay phase, Group

““““

15 ran Slgnrflcaﬁfry faster than Group: O and Group 7.5.

Dedl

for the no=de lay Dha&e'was“used as the control var:able,
showed that the effects of delay was to increase resistance
to extinction,”
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Connecticut in June 5, 195 5 avngd en tered

T joseph Anthony Sgro was born:in-NewWHaven, Cbnnééficut )

on November 22, 1937, the son of Tullia V.}and Fred Sgro.-

" He graduated from Hopkins Grammar School, New-Haven,

Finity College,” =

Har4ford, Connecticut in September of the same year. In

Junéz.1959, he received the Bachelor of Arts degree in

Psychology, and in September of the same year, he entered
the graduate school of Lehjgthnivensity." He ‘was the

recipient of a Lehigh University Graduate Scholarship.

In October, 1961, he received the Master of Science degree

A

in Psythclogy‘
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