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cH ~TER ONE

INTRODU ON

The puS reLMfcrramnnt effect or ree is an anplrioial
gewealJsation that ha* been fairly wiLL established in a
variety of situation* for both Lnoan and infrahamn subjects,
The bulk of th* research, Howver, has been with anhsals* |
nay be stated! "All other tingg equal, resistance to extinction
after partial reinforces-nt is greater than after continuous
rLMJO>rlemrMt When be r strength is ss&sured in ternw of
single raspanec*** (Jenkins & Stanley, 195C)

sMwwvee* wdl this gmeerilisation stay be founded, the
theorsetLao! notions put forward to account for the phenomenon
laae* been none too adequately supported by the expertnoiioal
data collected to date,

be two theories Which receive the noet support are the
expectancy and discrLmLnaticn theories, Blofly, the first
theory MO es that part re Iremrnt results Im on ex-
pe ion of irregu reLMi ment and that continuous re-
inforcement results in an expectancy of regular reinforcerset,
(.muMpureye, 19J9) The second theory suggests that "resistance
to extinction is a function of the simiurlLty of the aciqdsi-
om stimuli to Hi* extinct Loe stimili*, (LeWLs & Duiccan, 1960)
The m>re similar ths two ron/itions> the greater the resistance



to extinction.

The second theory seems to best explain the date obtained
from experiments using human St, and so Lt within this frame*
work that the present two studies wore conceived,

An attempt was mads, Ln each of the follow™* studies,
to better u stand the dynaW.cs of the PRE when different par*
rrn(&zms of rrLiaforcemrMt arc fi<ctHrimy com=>incd h certain
other variables co"sid*rrd Irapcri&at in the learning process.

of these variables is the nuaber of arqU.sition trials,
the other is the number of reLMk mmis received during
acquisition period,

An atiempt will be made to relate the findings to the
discrimination hypClhrSLs Which, along h other theories, is

mitlLtaed m»re fully in the historical section,



CHAPTER TWO

HISTORICAL REVIEW

For many years PSyOh-Coc*=ts have been awrc of L"|portaMt
differences between the effect# of raltlnucus and partial rein-
forcement in learning situations, Cotinuous rrLMforc<ra«!t re-
fers to that ccndiilion w e every trial or every response Ln
a series Is foLLowed by a rainiorowant. In riMnlr*st, partia
or Lnterm.tteMt rrLniforr*mant refers to that acMdLlion whereby
reinforceoent is given at least once, but not after all of the
trials or responses In a series. Twm, In any loaming study,
the renditions of rsdbf'"\MBM range anywhere from 0$
(psnudo-conctLtLMningj erttinetlcn) to 100£ (continuous) rein-
fcrcal«Mte

Jenkins & Stanley, in their 1950 review of partia
reLMfOlrerarlt studies, outlined the folL"owin* mppri gen
eralisation etcrdn* from a «xMap“iLsen of pa and contin
uous relL mmt dates "All other things equOL, resistance
to extinction after partial reL mnt is Tretter than after
continuous reLMl mrAt when be strength is measured in
terms of single responses”s (p. 222) This gmeealisatLon wa
arrived at on the basis of investigations dating back to 1939,
To-day, Lt remains largely as valid as Lt was then.

In this section wil! be outlined tiose studies which
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am relevant to the above geuoalixation as well as the theories
wiiah have developed W.th the research. 3 vMshwat hea emhael
wi | be given to certain of these theorise in that the wrier be-
lieves tnoia to be mom directly related to the studies Wich are
d ibed in the following section. Also, this review dI! be
concerned met with those experiments involving a freM-responding
or a emi«operant situation (i.a., a freewresponding co ion
within the limits imposed by instruction) and using hunm sub-
jects. AdLmOL eoperimcrts and classical aonlitioning studies
will be meitioned only When they wm directly con ed With
the same independent variables that am nti‘ipla"Urf in the
studies presented in the next sortion.

In addition to disttaiuishing between partial and con-
tnuous remrortemmt, one may also distinguish among the
various ways in which reinforcements can be delivered. The
two mpor parameers arei (1) according to a temjo basis,
and (2) according to a response buiis. (Ally those studies
concerned with reinforcing on a resonsc basis shill be de
with h

The studies which the witer intends to review in this

section are those ¢ med w.th the following indepenclent

variables either alone or in comlliVitlane (1) percentage of
reinforce -ent, (2) nu of acquisition trials, and (3)
nurtbnr of orotmertts. The depend manures are resis-

tance to extinction and rate of responding.



1 centage of fteinfor'cenen

Jenkins & Stanfey (1950) summarised the data from 17
studies (11 using animal su S; 6 using humans) which compared
the effects of p“~ial and continuous rein ment on extinction.
These studies were consistent in demostrating that resistance to
extinction is greater following prtiai reini ment than folkw-
ing continuous reinforceawin. "enkins & Stanley states "Resistance
to extinction is usually g er after partial rein <mmt, and
typically, response strength in conditioning is lose for the sam
case. For example, periodic reinforcement yields a lower rate of
responding in conddtioning then does continuous reini ment (

least when the periodic interval la fairly long); tills lower rate

appears to carry o into extinction. Whan the letter is pro-
longed, the periodically reinforced s s ultimately exceed the
continuous ones in total numib»r of respo , although rate of

response early in extinction may be g er for the continuous
subjects.  With a truncated extinction, howerer, the situation
may be reversed. n the higher response strength cha er-
izes the partial reinfo ent instance in co’cditioning(as in
fixed ratio situations), the p=>tmn effect of this variable
can be isnored. From a p cal standpint, as has boon
pointed cut, the relative response strengths in perfomEnce
may be of little consequence asJong as the desired behavio
occurs occaeionaiyy." (p. 213) This staicment was based in
part on the ob ions of Sidn (197#), as weei as on the

Itr<mgrh of the 17 studies.



Oee of th* mist pro ive of these pa mLM e
experiments is Eunphreys' (1939) study of "nxppeCations”. The subbed's
task was to indicate, by marking a record shed, w or not a
second light was to cop* On following a signal light. Sevent gh
subJeds were run through th* snqurncet 100% condition were extin-
guished and then used L'n“edlaat"ly as th* 50% reward group. He found
tha h 100% r , learning reached a 98% level. With th* ran-
dom series 0" 50% rnid.forcem'eit, learning does not take place.

Detambbl put forth a coged critCcsm of Humphrys' study
saying that his instructions prepared th* subjects so that w
th* subbed's “yrs" was fcloownd by th* second light, th* "yns"-
response was strengthened. Weren'f'r th* second light failed to
occur /cloming a "non"-response, this alternate behavior was
r*infcrr*l. Thus, during th* extinction period, th* rcmehete
absence of th* second light strengthened th* "norresponse to
such an extent that it reached a level nr”r 100% frequency, while
th* rcmehtiM* response of "yes" was never reinforced and hence
approached zero. In addition, Humpr had no way of evaluating
th* effecis of crl*r in his design.

Detam>el tested his hnpo s in a situation consisting
of a p’iLr of keys and one light. A coit*cl response was a key
closure that turned on th* ligm. The subjects wire instructed to
press th* key they thought would turn on th* light. Two groups
pual_lel to Hwnpprreys' were run (100% and 50% rninfo ed, with

Key A correct in training and Key B correct Ln nxtLnclicn) along



W.th * s0% and a 100% reinforcesent group exposed to no rtl mt
in extinction. A mbnibrna of 120 extinction triala was given, With
2% su s in each of the four groups.

Wen the procedure razazbled Hwipfahre*', the extinction
curves were simiar to his. Striking differences were found When
reinforce of the incrmpaaibit roo w ted in extinctis}
both curves dropped towards a chance level (50%, With the 100%
rei ce curve dropping the qiddk These findings clearly
support Dstamw!'s contention that Hu'phr<ny», procecure was contam-
inated by the introduction of an incompatible response ho that ex-
taction consisted of the differential weakening of one response
and the stren -thening of the other. (Jenkins & Stanley, 1950)

Following the in““ial studies of partial refciTrdrmn
which used only two percentages (50% and 100%) of rei me
during aoqd.sition, many investigators explored further along the
diriVision of percentage of rein mwit and employed sev
p”r'centaces o” a wide range in their experimental designs. -Hany
of these studies resulted in a O -shaped relationship between
resi&tiamct to extinction and percentage of re ement in
aoquisieirt. The rem of this section OHL be concerned
O.th these investigations.

srant, Hake & fconseth (1951) in a verbal crtlitirning
situation used 0% 25%, 50%, 75% and 100? rein emee They
found that the percentage of positive responses during acquisi-

tion was an increasing function of percentage o” rein eme



During extinction, the response rate dropped off rapidly for the
100% group, wth increasing resistance to extinction for the 75%
50% and 25% groups. Ths 25% group was the m"oKt resistant to extinc-
tion. As the Q% group (pstuko-eoaitioaiag) did n ice many

p ve responses during lcqd.sltion, there was almost no resis-
tance to extinction. Thus the results yiel/'ed a A -shaped curve.

Grant & Sdhipper (1952), using the sane percentages of
rei ment, counted the percentage of CR's in the
and extinction periods of an eyelid coailtloaing situation. T
cs was light and the ucs an airpuff. The results indicated tha
during the percentage of CR's was an increasing
function of percentage of rein me h the greatest response
strength for the 100% group. During the extinction period, howerer,
they found the g est resistance to extinction was for the s50%
and 75% groups falling off for ioth the 25% and 100% groups.
ApUn this yielded a fl -shaped curve.

Using 0%, 11%, 33% 67%, and 100% rrLa.forcrm in anoth
study, lewis & Duncan (1957) asked their s s to state an
"exuietation” of winning for each trial of a 9 trial acquisition
series. The expe es were quartified and the results showed

m to ie a direct fun<yiion of percentage of reinfortrsent hoth
during acquisition and extinction. The 100% group yielded the
least resist to extinction wile the expectancy for this group
dropped off very rapidly at the same time. The 0% group also

showed a slight drop, suggeting a A -shaped function.



F rf the above studies demrssrated * 0 -shaped function

when different percentages rf reUf m during acqd.sitlrn were

tested for effects on resistance tr extinction. (Gra , &
orm , 19511 Grmt & achippnr, 1952; Lerils, 1952; and leWte &
D 1957)

B se rf the non-monotonic function rant & hchipp
hypo sed that two processes nmuult be operating* The first is a
discriminative one. The liigher the percentage rf rein ta<mi,

the acre tae acqialtion scries should "stand rut" from tae extinc-
tion series, and tae less the resistance to extinction siould be.
A discrimination process thua results in a decreasing function as
a res rf percentage rf The second process is a
looming one. For eq numbers rf trials below some limit, and
with a response starting close tr sero response strength, tae
greater tbe percentage of reward, tbe greater tae response strength
should be. Tais, tae learning process produces an increasing func-
tion w.iile tae dassrrbnnation process produces a trend in ths
rppoite direction, tae oominntion rf those two should resu
in a 0 -shaped fun. tion.

Un*is postulated that 1f Grrnt it ScMpper wire coxrrecrt.,
tae p rf inflection rf tae f\ would need tr vary with tae
degree rf learning, lienee be sug ed that se percentages

rf reinfrorci'meulh needed to be combined with several num rf

ac tion trials in the same exporimant tr verify this conjec-



Il Muribwr of Aguiiition trials and Percentage 9f itelnforcene

Leris & Duncan (1956a, 195#*) uaing human su s, in two
studies com=>ined different numters of acquisition trials with dif-
ferent percentages of reinforcement. Although they found no inter-
action during extinction between the two variables, the larger num-
ber of acguisition trials in both ¢ , resulted in quicker extinc-
tion. (c»adi, in 1957 using human So and again in 195# using rata,
found the same thing; the M>re acquisition trials, the faster the
extinction. Cpmldl, howevr, found this rule to hold only fo
regular reinforoeramt, wihfe Lerts 4 Duncan found i1t for irregular
reinforcem as we

Yarcsowor, V , 4 Fri«Htaan (i1960), using college studeita
assigned their subjects to one of six groups. They received either
10 or 30 prese ions of a tone (C3) paired with a fhock (UCS) on
10%, 30%, or 100% of the trials depending upon their respective
group. Maximum resisince to extinction of a esr with 10 arglisl-
tion trials occurred at the higher rein percentages wihle
an increase in the nurt>er of acquisition percentages caused maximum
resistance to extinction at the lower rei ment percentages.
These results partly supprt a hyp”thecis favoring two processes
involved in pirtial reinorrcment effects.

luriLlo & Cjp (1961) adopted the hypaotihsis tha
extinction is reduced following increased training if, and only if,
such increased training includes o earning trials. With u -

graduates as su s, they tested this hypothesis using regula
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rein ent (every 3rd trial was poitive) and four levels of ac-
qu.sit.ion trials 12, 24, 48, and 60. The results supported the hy-
pothesis; as the am of training increased, resisiance to extinc-
tion decreased. Muillo & Caa» ma.ntain that mere learning of a
pattern of reinfirrcement or other relevant response is not sufficien
to result in reduced resistance to extinction. The critical facto
or factors responsible for reduced resistance to extinction seem to
occur in the over-learning trials.

Senko, & C (1961) p out that whereas
Muuillo & Cajp (1961) found reduced resistance to extinction
following increased training u certain conldtionB, Williams
(1938) and Perin (1942) had deTOonsrated just the opjposte. Taken
together, the results sugg that a Cl -shaped function mi<h
describe the relationship between uit of training and resistance
to extinction. To investigate this hypstheess, Senta> Champ, &
Cajp assigned 18 subjects (human) to each of 1 groups. Each
group received a fixed, but different num of 100% reinforced
rcouUsition trials i dately followed, in each case, by 20
trials of extinction training. The numbers of acquisition trials
given were 0, 1, 3, 6, 12, 20, 40, or 80 trials.

The results supported the hyp s that the relationship
between mnu'lt of training and resistance to extinction is described
by a ci -shaped function, and both agreed and dattgreed w.th the
results of Muurifo & Caantdi (1961). Amreemwnt centres ab the

fact that increased training resulted in reduced resistance to

11
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extinction, ‘o'wev”r, in the lurillo L Capaldi study reduced resis
tance occurred only after the event paitern was will I*lrn*l, whereas
in th* present study Lt began to owur with th* 6-trlal .roup, prior
to the time that 100% p ive response cccrrred. Senko, Champ &
COpliH statn: "The moot plausible explanation for this lescrrhancy
would appear to involve factors concerned with diffnrtmecns Ln th*
type of ev pattern employed in the two studies,” (p, 351)

These differencne aay woll be Ittrbkrtel to th* fact that Muilllo
&c used pa but reg reLMi mnnt wn o*nko,
Champ L Clapadb used ccrntLMMcrs reidiforceme

Garm & Miles (1962), using coll*** stud , Tlelorillly
comoined thr** dLffrrent levels of ICigriSiticn trial, (0, 16, and 64)
with three percentages of reLMforcemeit (12% 25%, 50%), Ln a
simple Lever-pulling silullion, a task they placed in the category
of almost pure performance. Thir depen mn s wnre the
number of rreronsrs to extinction and th* rate of responding during
Icqursiticn and extinction.

The results Inllclinl Uil as the percentages of reL mn

increase, trials to extinction dr se. Also, Lt was noted tha
as acc/‘rsiticn trials Increasr, responses to extinction Inrreasr.
Tier* was no interaction and no sign of a A -shaped function.
Tneae results are in lrccrl w-th the findings of MuilLo
& and support the notion of two processes operating in
stuHns yielding a fl -s'Uahrl function. Garment f Hins sug ed

that a foLLow-up study shcull be done involving a more complex



13
learning task. This suggestion encouraged the first of the two

studies reported in this thesis.

LT Kummer and momt of Kenforcemyits

ftummhheys (1943) based a bajr-preaeing study of rats on
groups with equal numbbrs of reinforced res onees. Two groups
each received 18 re”~forcemimts, one for making 18 responses, the
other for making 52. Two other groups received only 7 rennfirce-
mmnts, one for making 18 respouses and the other for 7. When the
two groups were matched on the total number of trials (18 responses),
it was found that the continuously reinforced rats were slightly
supirior in extinction behavior; but they also had two and one-half
times as many rninforcnments. Erlier studies had already indicated
nttrnl8ing resistance to extinction with nttrnlsitg numbbrs of re-
inforced responses (WO0"10i'O5, 1938; Perlin, 1943)» This case clearly
ntiitlina a confounding of the tontrnbutiot of number and pattern
of reinforcements.

In a study designed to omasurn the effects of oaagitudn of
reward when varied with different percentages of reinforcement,
Leirts & Duncan (1957) combined four amnmts of reward (1, 10, 25,
and 10 cnts) with five percentages of reniforciment (0%, 11%,

33%, 67%, 100%).

The results showed that rnanstlttn to extinction decreased

as the percentage of reward was nttrnlsni. The 50 i reward group

was the mcist resistant to extinction and varied significantly



from the other throe response groups. lowR'jr, the other three
groups eld not differ significantly from one anther. There w
no interaction between percentage and amount of rein em

In a simmiar study, Lewie & .>mcan (1962) varied five per-
centages of reiniforcm (O#, 11%, 33%, 67%, and 100%) with two
magnitudes of reward, 10 and 50* They found neither the awniui
of reward nor the inetrtceicn betwesn ara and percentage to bo
significant.

tailse (1958), howeevr, using rats in an enclosed alley with
magnituces of .08 gn. and 1.0 gm. pellets, found greater rtsistanct
to extinction with the larger sised peelets. These experiments
differ too much in design to p any reasonable acc ing for
their differences.

logan, beler, t Kincaid (1956) studied the effects on
extinction of varying the mlagntude of reward from trial to trial.
Twat is, the animals (rats) were reinforced on every trial, bu
the amount of reward varied from trial to trial. Tney found th
this procedure increased resistance to extinction.

lewis & Luncan (1961) studied the effects of variable
mag!tude of rewaro on human subjects, and found no increased
resistance to extinction as a function of the v 1Lity of the
reward, iloweevr, they did find crmd-stent though not significan
evidence that the pattern of reward wvtriability may affect re-
sisiznce to extinci-on in that the pattern yielding the greate
stimulus change from tcigd.Bieirt to extinction resulted in few

plays to extinction.
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fiamagicV. (1961) tested for the effect of pa , contin-
uous and varied magnitude re ent on lcqui.Ritioa nd extinction,
using rats as subjects. The various groups rxhibiteri similar ac-
qgiisition performance tut showed significantly different extinction
effects. The partial rein m and th© varied magnitude groups
were more resistant to extinction than the continuous reinflorcim
group, with the varied magnitude group lying inter-
N1 ietween the other two groups in terms of this raee

Although the evidence from these studies is none too con-
sistent, 1t seems likely that increasing the number and / on the
am of reward during acquisition does lead to increased re-

sistance to eXtiactLoa, (Williams, 1938; Tern, 1943? itcnpPhrernr,

1943 Hu®, 1 , as least as far as aniMai. sub S are con-
cerned. It also appears likely that varying the raglatud© of re-
ward during ICcqCSitloa on a continuously reinforced s leads

to resistance to extinction superiority o a continuously re-
warded group with alon-r*rilble reinforcement, (logan, Bder,
i id, 1956; Yamlgcti, 1961) Again this finding is ie

supported i1y animal studies.

H (1958) investigated the role of percentage 0" rein-
forcement (100/ and 46%), amount of re ment (1.0 gn. and
.08 J-Bn), and d ion of goal-iox confinement (10 sec. and 60

see.) as puramters 0" a rcaalag response in rats.



The animals were given 1 trial par day and in all received
6 pretraining, 24 training, and 19 extinction t ®.

The resulis during extinction were as follows; (a) partial
rein ment produced greater resistance tr extinction than co ',

ncus reinforcemeit, but the di ences were such greate if|

large as crfp’red w.th smll reward* were used during train* ;
(b) large as compared with sml! rewards produced greater resis-
tance to extinction if partia nfforee was used, b
resistance tr extinction 1f continuous was used;
and (c) 1T goal-box crnfinemieit times w«re changed from training
tr extinction was less than if no such change occurred.

teaynr (1961), also using rats and a runway situation,
factorially combined two levels rf acquisition trials (16 and 60),
and two amounts of food reward(.C8 gm. and 1.0 gm) with two per-
centages rf rainfrrccsant (100£ and 50%). Of primary interes
during extinction wre the effects rf siae rf reward and numbe
of acquisition trials on the magdtude rf cornnly obtained
sujpeiority rf the partially reinforced as com>red to continu-
ously reinforced 3b. (This wea-eestiblisaed supH ty of par-
tially reinforced groups tr continuously reinforced groups in
resistance to extinction is often referred to as the "partia
rei ment effect” or PKS). “ftre extinction results showed
that whereas the pHe 'did not vary with number rf prior acquisition
trials, i1t was marloeily gre following 1.0 gm. than following

.0B gme rewards. The increased! F-v. with larger rewards reflected



not only greater resistance to extinction of p ally reinforced
Ss but also less resi‘itnce to extinction of continuously rein-
forced is with large as compered to emai rew . These results
confirm those of ~He (1958). The number of rc ;uU»irion trials
in this study did not seen to be a factor when combined with dif-
ferent percentages and a’'moulta of reinlClceemente

Theory

Nuuwe theories have been proposed to account for the
partial reinforcem effect and to relate the independseit vari-
ables to certain parametric laws.

~ewia (1960) tnr.oatrat0? seven theories developed to
explain the PidB (1) Itsjonac-unt, (2) aftereffects, (3) ex-

ctancy, (4) secondary reinforce , (5) competing response,

(6] msedating response, and (7) discrimination.

The responsesuunt hyrC'th*tia ae put forward by Skinn
(1938) and Moweei and "onta (1945) is that if more than one res-
ponlt is required to obtain a reinforce-enn, then the whole block
of norn-reinforesd trials ending h a reinforced trial should be
treated as one unit, strengthened by the reinforce . TuS
results indicate fewer rtaponle units in extinction for partially
reinforced groups, although aore single responses occur. This
rhtoly was baatd largely on da ataed from fixtd-ratio is-
inforcemn’t procedure in a fiee nding situation? it has n
been able to explain as well the data obtained u other re-

inforcement condtaons, particularly.those a discrete



trial design

The aftereffects theory of Sihffield (1949) distinguishes
between the aftereffects of reinforce-ent as opposed to th® after-
effects of nonreinforc . Shffi ® contention was that the
greater resistance to ‘'xthnrtlon after partial re IS
based on the co oning of the aftereffects of nm-reL.nforrsam
in the stimulus compound during tracing, in extinction follcwing
partial reinforeopent, the stiaulla situation through gmerrilization
iIsm like conditioning than after continuous reinforcement The
stimulus change from training to extinction is much greater for the
100% rewarded group than for the partially rewarded group. Th
hyp s was tested by comparing extinction aft<r massed and
distributed training on the ass'wption that the aftereffects of
ranforreMisit or nonreinforewent in ronditltning w>uid be dis-
sipated by spaced trainin'. Vhe results wee in agreement with
the hyppthhels: Mussed training produced significantly greate
reBiBi"nre to extinction for piatial owr continuous reinforcement,
while distributeri practice reversed the findings slightly.

miison, h«eis»A and Ansel (1955) and Lewir (1956) were
unable to obtain the saa® results as Shhffield, howeer, when

they duplicated her design. Tfl®r (1956) found greater resis-



Lrobably the m>et co cing evidence igsinrt the after-
effnc*a theory oaoe from Tier, Vorts, & Mtiemin (1953) who
rnl8onni that 1f nheffield were right, then ilternting rein eme
with no forcemnt in a simple pattern should give a greater pre
than a random pattern, since lltnrtai:lit would maXelie the num
of tiers tonreitforcnintt follows rninfore- mnt. T results
were Just the oprooste, showing that randm rein em results
In greater resistance to extinction thin does iltermting rnnt-
fracnon

The above results were 11l obtained from atimlL studies;
ven so, It Is even wore difficult to argue in favor of the after-
effects theory to acco for data obtained fro”™ research With
huma It sews likely that any explanation offered by the after-
effects theory could equally as wei, ini perhaps even better, be
explained in terns of the inscriminltnot hypothesis which wiiH be
outlinied later.

Ths expectancy theory Which appears to hive developed fiooo
Hu'ohrrny), (1939) study, which has already been outlined, states
simply tbi inuous reinfornm'ntt results in an expectancy of
reguLir reinforcwlett and pitiil mnnjt>rc<oent results in an ex-
pectancy of irregular reinfor eogt. Since it is easier to change
from a regular expectancy of one kind (that rewards occur on every
trial) to a regular expectancy of another kind (that rewards do
not occur on any trial), than it is to change from an irregu

expectancy (rewards occur on only sarnoor the trials) to i

19
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regular expectancy, continuous reinforcement remits in quicker ex-
tinction than does par reinforcem

-eWis argues ag t the adequacy of such an interpretation
as, "Perhaps every study...could be reinterpreted according to an
expectancy notion, and that la the aain we s of such a view.
There seems to be no way of disproving it."" (p. 23) »

The secondary reinforce.--nt rrry.otthois appears to have
been intodiuced into tide area by Denny (1926;, Who argued that on

reinforced trials the goal-box stimuli are associat:cd With primary

reto ment and therefore should acquire secondary rein en
powe 'n nos'jrijinforced trials and during extinction, secondary
re ment should be taking place which therefore retards e
taction. X

The muin attack on this theory ewe froa the Texas group,
B rman, Feddrisen, and Tye (19533, and Xf>», Tyler, end Bitter-
man (1954). T found that rats receiving their reinforced trials
in one goal-box and their no r-forced trials in another gio
box, extinguished faster When placed in the goal-box in welch they
had previously been rewarded than in the goal-box which was used
for nouJeinftreed trials. According to th® secondary reinforceme
hypoheeis, the results should have been just the opposite*

It secus unlikely fTcm 'tab evidence that th® secondary
reinforce wit hypothesis in it elf is sufficient to explain the
Prt; at its best i1t is difficult to distinguish free a discrimin-

ation according to Lewie™ (lewis, 19 pp. 20-21)



nstock (1954) introduced a ‘‘com ng response* theory
to account for the increased rtsistttct to extinction following
partial rtin t~ient as opposed to continuous. He contends tha
for partially reinforced Ss, these competing responses are mde
duing aeqibBielot on the no“ireinforced trials? they "habituate!
and drop out. Thus when extinction b , sines tJies® comfeJing
responses have already dropped out, the inst'iu“<e'nt";l response is
able to continue strongly. No h uation occurs during acquisleirt
for the continuously reinforced group, so that the o of these
coa”e.ing responses during extinction results in a rapid decline

of the itstlume resporse.

Stanley & Clayton (1955) assimed cm the basis of Witittock’s

theory that if ratio of rtnifo ent were held comsant, resia-
tancy to extinction should be a direct function of the opp y
provided for the extinction of competing responses. They tested
this inference with an ovee g ratio of food rei mtlt of a

running response in rats. They believed that, within limits, the
occurrence and extinction of cofflppting responses in the goal-box
on nonreinforcd acquii'ieiot trials should be a direct function
of goO-box rolfinet on these trials. *he results opposed
linstrck,B hyipothesis as the ac tion delay group was no
mre resistant to extinction than* the imimtdatetly rewarded group.
Tyler (1956) has pointed out that ’titseock's theory does
not explain why random reinfo results ins a gr PRE

than alternating reinforceme



Hulse & Stanley (1956) presented a theory much like \ein-
stock's iut without the 'haaitcatioaB concept, They mlaiataLned that
subjects learn to do something other than eat during aonreiaforced
ItguCsitioa trials. This "something else” they learn under partiH
4017011 occurs during the extinction period and prevents the
conditioned siting response from beiag rapidly extinguished. ¢How-
everf this notion also runs into difficulty when Freides' (1957)
data are considered. Freides found that go.l-iiox iehavior (ap-
proaching food) could extinguish while a runway response remained
strong.

Wilson, Weese, and Ansel (1955) and Ansd (1956) have
argued for a meTisting response to account for the PRE. Dicing

reinforcement an emOional response (frustration) develops
on the no"ireinfoi'ced trials, and betomes conditioned to the in-
strumental response whieh preceded it on the reinforced trial.
During extinction, the pjatially reinforced group whose iastc’ra-
tal responding is accustomed to tomppeiag wth the nmoional re-
sponding on reinforced trials, peesists. The continuously rein-
forced group during ltquU8ition, howwvvr, has had no emOional
response conditioned to its iastrtmenaal response”™ hence, on
extinction trials, the instJ'i"e""ni"l responding decreases quickly.

This theory appears to tie* iest supported iy animel studies
involving discrete trial situations. It does not appear to ie

adecuate, however, in explaining many of the findings of research



using hum as sub S. .or w& it is difficult to sae how
a Mdlatirn theory wriid explain the fact that increasing the nw-
ber rf ac tion trials with partial relnfrrcsmsit leads to re-
duced resistance tr extinction.

The discrimination theory, which appears tr 'uvs bean first
advanced by .wror & Jonas (19'1"), states that restor'in'ce tr extinc-
tion is a function rf tha similsartty of tha acq tion stimJi to
the extinction sttumili; the mors sIMI&r the stimulus coinlltlrns in
the two situations, tha greater tae resistance tr extinction. Tais

theory has received such support from tha data of both aniiw! and

human studies and appear® to bs aspeaiiilly a at explaining ths
latter.

longe X , am! Bitter (1952) and Tyler,
orts, and Bittermn (1953) showed that random re mant i@-

suited in greater resistance to extinction in rats than did a
staple alternating pattern. They argusd that this mist bs the
res rf eone serial patterning that occurs with alternation,
enabling subjec : tr discriminate th® acquisition series and tr
stop fond quickly when 1t ceases.

"In sev studios LeWis & Dmcan (1956a, 19 1957,
19 1958b) found that 94 rsInOrrcement showed naare resistance
to extinction than 100x re nunn, and moro than mat othe
percentages rf retnfforament (Uwiis, 1960, p 18) They argued
that CM 'during acqulEitirn was wore like extinction

itan the acqJi*itl'on series with any rthar percentages rf rein-
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forcemnt were, and thue ghiould result in a longer extinction period.

The Situation tasre, emplojdng a "one-aramd bandit™, differed
from mot others in that a’soet no learning was involved. All Ss
knew how to pilJ a lover on ente the experimental rooa. In one
of these studies (1958a) they found that extinction was quicke
following a long acqd cn series. Caj»ldi (1957» 1958) confirmed
these results. Lewis & Uuncan attributed this effect to the pure
perforaaney situation in which a relatively long acgidsition series
would serve to wake the initial stinulus situation moe stable,
and hence mors discriminable from extinction.

Those results and those of Garment & Mies (1962, described
above) suggested that different levels of act"ii"itJ'on trial# should
be cotdined with different percentages of reiforcument in a design
which required the 5s to learn a more complex task. The first fac
torially combined (1) number of correct ac tion trials and per-
centage of reinlfoxinm (implying that now a specific response
musst be mde as opposed to just pulling a lever as in th® Lerio &
Duncan and it t-llea situations), and (2) number of reirt-
foreeunlts and percentage of reinforcement ain, the depe
meamuros were resistance to extinction and rate of lever-pulling.

It should be noted that littie mention has been made in
this section ab rate of responi ng as a depen meunu*e. T
reason for this la that meot of the 1 ature which reports rate
as a depe variable appears to be centered around the work of

Skin and his followers. These s udies have been concerned



largely with animals and the purpose behind them appears to be an
interest in the effects of delivering reinforcemeits according to
various schelulss, (leister and Skinner, 1957) (Under rm cor'fi'iti'ons
of the two axporln-nts reported in this thesis the schedules of re-
Inforcement remain the aamt (variable ratio) and therefore are not
considered in the srrtisricrl analyses, for this reason a history
Iof “Skinnerian” ltudisl is not included in this thesis. )

The rse of Irts metSurea in rhsss Irrdisl was Ju”ttifi‘e'd on
two cowits: (1) the equipment (cumrarive-recorder) was handy and
easy to Ist-up, and (2) it was deemed warthm-le to study any effects
which mi<ht result as a function of the thrss i'ndopc...ant variatcies
u»oa, particularly in view of the paucity of previous studies of the
PRE which have included this m@esirre.

Caarmeeit 4 Mies (1962) found the rate of responding to be
significantly affected by the number of acquisition trials (p ~.0%$).
It was hoped that this finding would be further Irb'a;antiatsd by
the foiowing sxp*ranctts.

The nexxt section will describe the method and apparatus

employed in this study.



HKT!C&

Two sep-irate but sOmilir experimenta wnrn conducted. Fret,
those aspects Which were th.. same Will bn inLIOlei and then the dif-
ferences will be 1011

The subjects used On ©ach esjwriswit w 126G ole and fe-
male students enrolled i1t Ontroducttry and second year psyctrlOgy
courses it def Uni y* Each subject was randomly assigned
to one of twelve ex'w'bm”Ctll groups so that there were 10 su S

Ot each group.

The apparatus consisted of a Fe -J Ondslny opera
co OocOtg panel cortcectni to n--tt autaoilic ;ro framing
and timing u XS it in adjoining room. Briefly, the ope eo

itOrcing pa Os a 3* x 2* structure mnuiLnd 1t 1 60 angle

ag 1 will. Two levers, projecting from the right and left of
the puiel can be pillnd straight out to 1 distance 1T ab tec
milometers.  When rnlnlsni, the lever is urned to i starting
position by a variable tetsOot .earOtig* A each lever there Os a
stiiuluB light and On the aid‘in and bnLtw the Levers, 1 rn'cep-

On located into which the Ot ts ire delivered.
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cumulative number of reinfo'ceemets that the subject received. Ths
was for the su 's information. To the right of the p was a
switch co ted to a light in th® recording room so that the sub-
ject couldsignal when ns wished to cuk. In both experiments a
‘re ccement was one pok«ir chip. 9

This rein ement dispenser ie simiar to a vending maiJ
Following a correct respo a reinforcesent is delivered down an
aliminm chute into the 1Hminated receptacle in the *xp<rii?ntt
room A hmdojNir&ted switch in the recording room activates the
two 100 wtt bulbs (stmulus lights), which are situated above the

levers on the instiumn'tJ"l panel and which serve as the signal for

the subject to begin responding.

Lach subject was run individually. After entering the ex-
parimnt room he wee seated comortably before the iaetrunenta
panel and g venX the following instructions!

"This expri ent ie designed to compare the ability of people
to learn. By pulling these levers in a certain way you can sake
poker chips drop into this recep e. This iIs how to operate the
levers. Just pull them up and 9i§pring w pHi th«a back by
them . Ibu do not have to hold them. Be careful not to p
both levers at the same time. Tou say pH! in any rea you wish
as long as .you pull only one lever at a ti"«,

|
lour task is to mike as many 'chips as pmsible fall down.
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Hie co w record the num of chije that drop into the re-
ceptacle eo that you cwi keep track of the num you have earned.
In other wrds, you can judge your progress by the co and the
num of chips that fall. | am not /ping to tell you when to ".uiftj

you mat decide thia for y sif. Howvee, if you stop before you

have earned as many chips as p ble it W11 Count ag you.
It will also ¢ against you 1f you keep _ulUng after you have
earned all the chips you can. If you wan to goit a good score, it

is important that you cmeider carefully When you should stop.
When you decide to stop, just flip this switch oown, like this,
to let us know you have finished. Thau, I Wil record your score.
Sturt pUling w these panels light up, and then pil
for as long as you V</ sh, Iry to sake as »aany ch as you cm,
.ny questions? Okay, the lights will come on in a momnt."
IT there were any questitms the instructions were repeated.
The experimenter then left the subject alone in the pxperteentai

room.

The design of both experiments required that tiw subjec

leant to sake a correct response” The deei,mated response was one

|
rffht-hnded p lowed in succession by two lefthanded palls
on the levers. (HU) other resiponses ware recorded but did
not "payoff".



In this study four percentages of rtinforteM”t, 25$, 501,
75- and 100c wore lactorislly combined with three levels of correc
acquieieirn trials, S, 16 and 32. That la, there were four perce
age# of rein ment and three conditii<n® un wrich th® subjects
had to make a required nueber of correct responses during the ac-
q tion pericdl In order to obtain the nxiianss amount of rein-
frrctmmt. Thu#, one trial was a correct resp , (BUI), IX1¥Re®
-Iv® of the total number of lever-pills mad# during that interv
The number of rtinfo;ce”e¢"'t received during tcquisitirt, then, was

aiowed to vary.

The second experiment differed in design only in that the
num of correct acqli=itirn trial# we# not ¢ olled and the n
num of reinforcements r+wived during acq tion was expert-
mentally varied. This eimt, four percentages of reiniOrctmmt,
25%, 50%, 67% and 100$ wer factoirially cr™iintd with three levels
of numbers of reinforcement, 4, 8 and 12 po chips.

In come instances in each experiment, su s q before
cr'plitting the tcqUi'ieicn serif#. These subjects were randomly
replaced and their data are not included in these studies.

The depe variables in both experiments wore: (a)

the num of responses from coapletirn of acquisition to quitting



rC/"U.aition and extinction, and (c) ths num of rtaponaea made

per vinco

lied tenths of

me in both rc(q/U81tlon and extinction.
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CHAPTER FOUR

RESULTS & PhlEL MMARH LI.C UCH

It thia section ths results 1f each experiment Will bn

presented and discussed sep y. :

1 Appninan-it 1
1) Responses to 1X1.0177101:

The two dep rar s used were the intil nuotanr of
inver-pUls (a single invar-pull was c dered a response) m
during the extinction period and the nuObsr of correct responses
(RIX) emitted during the same perOrd. The raw data were trans-
friend Onto itgirihOs tn reduce heterog y of variance end than
subjected to a standard troaOects by levels analysis of variance.

Tables 1 and 11 sumariun thnsn results.

Table | ab hern

Tlbli 11 ab he

It cat be seen from the two tables that the analyses based
rn total num of responses made tr extincilnc and intil nuOiinr of

correct responses ode during the same period reveal the aims



TABLE |

AnalyiB rf Variance of Total leveir-pilla to EOinctlon

S)turoe <£ sas |

Percentage rf heinforcwaeit (P) 3 4,26 21.20 <.001
ccuuistlon trials (a) 2 .08 —
P x A 6 A1
ithin cells (error) 108 20

Tofta 119



TABLE |1

Analysis of Variance of Ooorrect responses to Extin

source ms

Percentage of RInfoorcewit (P) 3 3.26

ccuuistion trials (A) 2 37
P x A 6 A2
Within cells (error) 108 19

Tot 119

16.95
1.95

<.001

on
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factors to be significant. In both cases this is the percentage of
reinforcement during acgi™-sitim.  (F- 21.20, 16.95; d.f. - 3 and 108;
p <.001) TlLs Lb illustrated graphically in figure 1.

Figure 1 about here

It can be seen that as the percentage of reinforcement in-
creases, the total number of responses made during extinction de-
creases. The trend for number of correct responses to extinction
Is nearly identical and hence is not presented.

b) R”te of responding:

A second response measure employed in thia study was the
Bubbect's rate of responding. Tnis was obtained for each subject
by dividing the number of responses made by the total time taken
to wake them. The average of these data waa then deteimLned
separately for the subjects under each expjrimeeinal cOTidition,
first Bor the acquuslitton period and then for the extinction per-
iod. Aiaaysis of these data indicated that there were no dif-
ferences among these mean response rates attributable to either
number of correct acquisition trials or percentage of reinforce-
meet.

c) Number of responses per unit of timet

Finally, the acquiSitioa period for each subject waa di-

vided into ten equal parte and the number of responses made during

each tenth determined and averaged for all subjects under each ex-



e 1. Mean log responses to extinction as a function of

percentage of reinforcement for combined groups 25%,
50%, 75%, and 100%.
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perimental condition. This aHowed a comparison of the groups whLch
would reveal any changes wiich mgM be present in the number of re-
sponses made as acquisltiot progressed.

A aimiar procedure was carried out anpw”tnly for the ex-
tinction period.

When the responses were plotted 1across ime
there wu a significant increase in the num of responses made
per vinceitised tenth of ttae. (F= 65.04; d»f. — 1 and 108;

p <.01) The trend andLysis revealed no significant differences
between the slopes of the three trends. These slopes are shown

in figure 2.

Figure 2 about here

Figure 3 shows the data averaged across percentages of

Figure 3 about here

rninforcnmnJt.  Aggin, there is a genned! increase in num of
responses made per v nt tenth time during the acq"ji'Lti"Qm
period, (F— 2.77; d.f. = 3 and 108; p <.029%)

During extinction the numlbir 0" responses per vince

tenth w plotted with percentage of rein went as the paraaceer,

1 The differences between the linlVi on the ordinate re-
flect the different total num of responses made by the groups
u each of the nxperimental coindtions plotted.



Figure 2 The mean number of responses per vincent uiit of time
during acquisition vwth the number of correct acquisition

trials as the parameeer.



Figure 3. Ths mean number of responses per vincant nit of tmie
during acquisition with parcantaga of reinforcement as

tha parameeer.
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reveal a downward trend (F= 33*95; d.f.= 1 and IOS;
P <Ol). T is, the num of responses made per vincent tenth
gradiuQly decreases during this period. Howevve, the trend analy-
sis revealed no significant differences among the slopes of the

four trends. This is 1llus d in figure 4.

Figure 4 about here

When plotted with the number of correct acquisition trials
as the parameter, howear, there is a significant difference found
in the curvature of these lines. (F- 3*63; d.f. = 2 and 108;

P <.05) Figure 5 shoes that in the 8 acquisition trial group

Figure 5 about here

there is an initial increase in the number of responses made Which
then rather rapidly declines; whereas in the 16 and 32 groups
there is a general decline uitil the last two blocks of trials

Whereupon the number of responses made drops off rapidly.

Discussion i

In this first study it was demonstrated that an inverse
relationship holds between the number of responses emitted during
the extinction period and the percentage of reibiforeemerit of a
correct response during acquisition. That Is, as the percentage

of reinforcement increased, the number of responses to extinction



Figure 4. The mean number of responses per vincent unit of time
during extinction with percentage of reinforcement as

the parameeer.



TIME IN VINCENT TENTHS

Figure 5. The mean number of responses per vincent unit of time
during extinction with the number of correct acquisitira

trials as parameeer.



ietrelsni. -ioOliily, Ot was shown that using thn total nuOber of
single rnaponana noOOtind during extinction as i1 criterion m e
gave the same results is did thn total nuOer 1If correct responses
made during that period ia the criterion me , Nr effect at-
tributable to the number of correct icqiBsitinn trials was found.
Thia finding led tn thn text experiment On Wiich thn combined On-
depen variables were the percentage 1f rnicforceoeit 1f the
correct rnaponsn and thn num nf re ments rnceOvnd during
thn acquisition period. Thus, Ot the next study the num nf

rninforceoanta were e mentally varied.

Experim 11
1) Resp s th «X:itttOnnt

ain, thn two depend ocauures used were thn total
num of lever-pulla (responses) emitted during thn Onctiot
period and thn nuOjer nf c'irrn™* reapmsns (RLL) ode during thn
sion period. Thn raw data were tremfforaed Onto logariihms, as
bnforn, and then subjected tn in analysis of variince.

Tabla 1 shows thn results fnr thn total num nf

Tabla 111 ab here

responses to extinction and tibia IV deonnitates thn results fnr

Tabla IV ab here
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TABU 111

Anna?*!* of Variance of Total Levve-ipilis to Jrt.itctitt

Source df ms F
Fsrcentagns of K«anfornemelt (1) 3 10 6.93 <.001
Number of Reinftrcnmmta (R) 2 1.43 9.92 <.001
P X R 6 18 1.29 -
1thin (error) 108 U

Tot 119



TABLE |V

Aaaysis of variance of tarred Response* to Extinction

Source df ms F

Percentages of Reinforcement (P) 3 1.08 8.03 <.(031

Numnmer of Reinforcements (R) 2 .64 4.76 <.025
P x R 6 27 1.93
Within (error) 108 14

Toos| 119



tha numbar rf correct responses to extinction.

Brth those tablas demorssrate similar significant dif-
ferences which can be attrbbutod tr tha percentage rf reinforcement
of tha correct response in ac''uititiQn. (F= 6.93, F- 8.03; d.f.—3
and 108; P <.(01) In addition, thasa analyses ravaal that tha
number rf reinforcements received is a significant factor tn deter-
mining both the total number rf single responses and tha number rf
correct responses made in this period. In both tablas a sigiifi-
cant effect of number rf reinforcements iIs found. (F = 9.92,

F- 4.76; d.f.— 2 and 108; P <.(W1, P <.025) There was, how-
ever, no difference between those groups receiving 8 and 12 raln-
forcemwts; hence, tha significance mist be accounted for by the dif-
ference between tha groups receiving 4 retnfrreemwits during acqui-
sition, and tha other two groups.

Figure 6 ill'ustrat'es tha mean log responses tr extinction

Figure 6 about hare

as a function rf tha percentage of rwinfrrcemwt. Since the plot
of the correct responses tr extinction is essenSially tha same it
IS not prasantwd hero.

It is clear that as tha percentage rf rahfforcmmt in-
creases, tha num>er rf responses tr extinction decreases. The m>et
marked deviation in thasa data is for tha groups which were rein-

forced 67% rf tha tma. It should bw nosied that it is this 67%
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Figure 6. Mean log responses to extinction as a function of
percentage of reinforcement for combined groups 258%,
50%, 67%, and 100%.



condition which breaks the gen downward trend.

Figure 7 shows the mean log responses to extinction plotted

Figure 7 about here

with num of reinforcements received during the acqiieition period
ae the paramet

faisre we see that geioeaaily as the number of reinforc<entnts
increases, the num of responses made during extinction decreases,
b) Rate of responding?

An analysis of variance performed on the mean rates of re-
sponding for each group revealed a significant effect attributable
to the number of rein ements received during acouu on.
(F=3.78; d.f. =2 and 108; P <.05) This a S 1S shown in
table 5.

Table 5 ab here

As the number of rein ments increased, the mean rate of
responding during the extinction period decreased for all groups.
The mean rate of responding was not affected by the percentage of
reinforceme
c) Number of resjwnneeper unit of time*

Again in this experiment, the raw data were divided into
vincent tenths for both acguusition period and extinction period,

separately. Aggan, it was noted that there was an increase in



NUMBER OF REINFORCEMENTS

Figure 7. Mean log responses to extinction as a function of the

number of reinforcements for combined groups 4, 8, and 12.



TABLE V

Ana”™is of Variance of &kiee of Responding

Source df ms F P
Percent Reinforcement (P) 3 .07

Nuimer of Reinforcements (R) 2 1.02 3.78 <.05
Interaction (P 1 R) 6 .39 1.44 .
Within (error) 108 27

Total 119
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the num of responses made during acquisition per V tenth of
ttae, but a trend analysis revealed no significant differences be-
tween the slopes of the four lines.

Figures 8 and 9 show these trends.

Figure 8 about here

Figure 9 about here

And once again, during the extinction period there wes a
grad decrease In the number of responses mads per vinoent tenth

of time but no significant differences between the slopes of the '

lines.
Figures 10 and 11 d these lines.
Figure 10 about here
Figure 11 about here
Discussion:

The results of this experiment complemeit those of ex-
perimeat 1. Weeeas in the first experiment the num of correc

acqd.sition trials was not a relevant variable When combined with



Figure 8. The mean number of responses per vincent uiit of time
during acquisition with percentage of reinforcement as

the parameter



Figure 9. The oeic number nf



TIME IN VINCENT TENTHS

Figure 10. The mean number of responses per Vincent unit of time

during extinction with percentage of reinforcement as
the parameter.



parameter.
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different percentages of reinforoemit, this experiment demontr”tes
that thie number of rein ents 1s. As the number of reinforce-
meits obtained during aoquisiticn increases, the nurtor o" responses
mede during extinction decreases.  The same inverse relationship ss
found in experim 1 holds between the psrcsntage of reinforce-
ment during acquisition and the number of responses made curing ex-
tinction. is the percentage  rein s during acg/U.oitltn in-
creases, the number of responses emitted during extinction d es.
A&dn, the same factors were significant Wihth«r the number of
single rea™oices was used or the nurtber of correct r ejonses was
used as the criterion raiessure.

In Mdlition, the mean rate of responding wse not affected
in the first cxperJwnt by either the percentage of re mK
or ths number 0" acgiueltion trials, whereas in this expariu mt,
an inverse relationship between mema response rats and the number
gf reinforce s during acquisition was found. In other words,
as the number of rein meits received during acquc!tion was
Increased, the mean rate of responding during extinction decreased.
Ag'ln, there was no effect an the mean rath of responding due to
perctmi-rs o" re m

It was also noted in both studies that the num*r o”" re-
sponses male per Vacant tenth of time tends to increase mdually

during the extinction period.



cHAPTER FIVE
DISCUSSION

Grant & Schipper (1952) have suggested that the O -shaped
function frequently found in peatial studies is based
on the interaction of two separate processes: a discrimination
process and a learning one. As percentage of reinforcement is in-
creased the mnre the acqmsition series should "stand out” from
the extinction series, resulting in less PR . Tiis is the dis-
crimination process and shoiuld result in a decreasing function
as a result o" percentage of reinford<ment, howeevr, with a re-
sponse starting out close to a zero response strength, the higher
the percentage of reiU""oremen't for equal numers of trials below
some limi-t, the greater the response strength and the greater the
PRE. Thus the learning process results in increasing resistance
to extinction, and the combbnntion of the two processes produces
a fl -shaped function.

in a situation which they classed as almost pure perform-
ance, Lews & Duncan (1958a) and Garment & Miles (1962) failed to
obtain such a A -shaped function. They explained its absence as
owing to the fact that their subjects were not required to learn;
hence the only process opiating was a purely discriminative one.
Tneir results showed the famliar PRE to be a direct function of

40
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the percentage of reinforcement.

Adddtional support was given to this notion by the fact that
resistance to extinction, in these experiments, decreased as the num-
ber of acquisition trials was increased. It was argued that in-
creasing the number of acquilsition trials serves to make the ac-
quisition series more distinct from the extinction series, thus re-
ducing resistance to extinction.

The studies on which this thesis is based were carried out
In an attempt to expand on the work of Carmrnt & Mies and Lews &
Duncan using essetially the same procedure but M.th a more complex
learning task involved.

In the present expjrimnne, an acquisition trial was defined
as one correct response (RLL). This meant that learning now had to
take place in connradistinction to the Lewis & Duncan and Carment
& Mies situations.

Che problem remained which had been outlined by Jenkins &
Stanley (1950) as a gwieral diemma characterizing the patial re-
infoecemait situationi the relationship between number of trials
(or responses) and number of reinforcemrnns. They pointed out that
a partial rinforc<mntt group can be matched w.th a continuously
reinforced one on either number of trials or num>er of reinforce-
m'e'nis, but not both. If, for examppe, 50 reinforced r sp”nses are
to be given and a 50% reinforcement schedule is employed, this group
will have 100 trials, and the 100% group w.11 undergo 50 trials.

"The nxperimental question revolves around a determination of the
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relative effects on behavior of no nforctd trials as contrasted
W.th reinforced once." (p. 200)

This explains the reason for the two experimeins offered in
this thesis. The experimenter was interested in observing the rel-
ative effects of the num of rei ments as wetL as the num
of acquiSition trials on resistance to extinction. A q ion Left
unanswered by the Lewis & Duncan and Carm & Mies studies was
whe the increased resisti®ice to extinction observed follLswing a
long acquusition series was in fact attributable to the increased
number of trials, or to the increased numther of re ments
during acguusition.

As Jenkins & Stanley noted, it is not p ble to study
these variables in one design. Hirnce, the first experim did no
cont the number of reinforcemmts, but experimeenally varied
the number of acquusition trials, whoreas the second experim
did not ¢ num>er of acqum on trials but experimentaily
varied the number of rein ments received during acqd on.
Inm other respects the two experiments were tsstin y the
same (slowing for slight differences in the percentages of re-
inforoim used). It was believed then, that taken together,
these studies should indicate mm precisely the nature of the
relationship existing between percentage of reinforcement, num-

ber of acqiiBition trials, and num>er of reinforcements.
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1) Resp s to e;rtintticn

Thn results of thn first experiment iciitite that the num
nf acquisition trills is not a vital factor On determining rn80.8"Iitn
to n’riOnttint. The typical PRE was obtained 1a a direct iltrelsOng
function nf thn percentage nf rnOcfn ent; nor was ihnrn any Onier-
ictitt between cum nf acquisition trials icd the percentage of
reinforceme

This findita suggested that perhaps the imno variable
during acquisition was not thn num nf trials, but thn cum
tf rei ents delivered during acquisition.

This conclusion was supported by thn findings nf the
srcocd experiment which dnirornirated that resistance tn extinction
was significantly affected by both the pnrcettagn nf reinfo en
and thn number of reinfnrcreate. There was cr interittiOn.  How-
ever, as the percentage nf re ment was 017°1181" reaO.atimtn
tn extinction decreased. LOkeW.se, is thn nuOner of reOcftrcme’ita
01741181” reeielante in extinction intrelsei.

It should be toted that in this experim the PhE aa 1
function tf the percentage tf rein ment was tnt ia tinir-tut
as that obtained in thn first experiment. \/lhhernii in thn first
study, rn80 te to exticctint ircrlaaed is thn percentage of
mo mnnt 0171181 the ¢ downward trend On thn ercond
experiment was Octnriupted by thn 67$ rein ment group, WhOch
did tot make fewer respotaes tn extinction than thn 50$ group.

fawsvve, rich percentage level represents the mean nf three dOf
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ferent treatment groups and when these means are plotted separately
(see app ) it is evident that one very deviant group (4 reinforce-
meiets, 67% reinforcemrnt) accounts for of this difference. The
mean for the 67% group, calculated W.thout the inclusion of the 4,

67% group, falls w«ei below that of the 50% group in resistance to

extinction.
The results of these two experiments su that the num-
ber of reinfo s received and the percentage of reinforcemen

during the acqui on period are importtant variables in determining
resistance to extinction. Howeeve, it ap s that the number of
acoiLsitiirn trials in itself is not enough to influence the num

of responses emitted during extinction.

It should also be noted that simiar significant findings
were discovered Wiether the response m used was single lever-
pulls (respo N to extinction or correct responses (RL) to ex-
tinction. Both mee s gave the typical PHE and dnmorstratnd that
resistance to extinction increases as the percentstre of reinforce-
ment during acqusition decreases. Tils finding discredits the
respo uitt hypothesis of Moree-Jones and adds greater sup

to the discrimination hypoheeis.

b) i"Lie of Responding
In both experiments the num of responses per uiit of time
increase during acquiBitirn and decrease during extinction.

THs finding may be interpreted in terms of response


mee.su

strength being greatest at the end of the acquisition period thus
accounting for the fastest e at this point. Also, as extinction
progresses and response stren -th declines, 1t is to be expected tha
the number of r«s”nses emitted would also decline.

It may also be ,ossible to interpret these ovefwill findings
in of "frustration-rroduced drive". The frustration resulting
from n einforced trials foi ng reinforced ones can be expected
to be at its highest peak imediaacly following the last reinforce-
m (the end of acquUBitiin). Hence the drive-level should <Iso be
high at this poont. As extinction prog es, frustration dis-
sipates and the drive-level is low thus lowering the number of
responses per unit of time.

Weeeas the first experiment did not reveal the mean rate of
responding to be significantly affected by either the number of ac-
q tion trials or the percentage of reinforcemant, the second
experiment showed it to be significantly affected by the num of
reinforcemeits. As the num of rein ments during acqui on
increased, the mean rate of responding in extinction decreased.

In terni of frustration theory, then, the more reinforce-
meets acquired by the subject during acoqisitiio, the fewer the
non-reinforced trials he x eocts. Thus wth each new rein-
forcem the frustration level is lowered so that during the
extinction series the rate of rtsponiing is also lowered.

It seems fairly obvious that rate of responding has no

been used enough as an experimeenal m e in studies using human
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subjects to account for the results of this study on very solid
the cal grounds. There is little evidence in the literature
to alhw for any long-range predictions in terras of one theory o
another. Howwver, response rate does app to be a very power-
ful meenure of the effects of the kind of indepen variables
used in these studies, and it is recommended that more use be
made of it was a depen variable in future studies.

A summary of the findings of this thesis fol_Jws in the

next section.



CHAPTER SIX

SUMMARY

This research vas designed to test the effects of percent-
age of reinforcement, number of acquusition trials, and number of
reinforcements on a lever-pulling response in human subbeets.

Two Separate experiments were carried out* the first
factorially combined four percentages of reinforcement during ac-
quisition (25%, 50%, 75%, and 100$) with three numbbrs of acqui-
sition trials (8, 16, and 32); the second factorially combined four
percentages of reinforcement during acquusition (25$, 50%, 67%,
and 100%J with three numbbrs of reinforcements (4, 8, and 12)
received during acquusition.

The design in each case required that the subject learn to
make a specified response in order to receive a reinforcement.

The dependent memcures were the number of lever-pills to
extinction and the overall rate of res onding first during ac-
quisition and secondly during extinction, and the number of re-
sponses made per writ of time in acqiusition and extinction.

The results showed resistance to extinction to be an in-
verse function of both the percentage of reinforcement and the
number of reinTortK nentts received during acquusition. Them was
no effect attributable to the number of acquusition trials.
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These findings w interpreted in terms of a discrimina-
tion hypihenis, both the percentage of rein ment and the num-
ber of rein ment* received, when increased, miking it easier
for the subject to discriminate between the end of acguusition and
the beginning of extinction.

The num of responses made per unit o time, in both ex-
perim , was found to increase as acquusition preceded and to
decrease as extinction progressed.

In the second experiment i1t was found that mean rate of
responding during extinction was an inverse function of the num-
ber of rnittforcemn’lts received during acquisitiit; however, there
was no effect attributable to either the percentage of reinforce-
ment or the number of acquusition trials.

It was suggested that the above findings might be explained
in terms of either response-strength or frustratitnprioduced drive
hyp)these; howese, the literature using rate as a dependent mea-
sure in this type o" design is too scanty to allow extensive
specui.atitt.  Ccetalnly these results warrant m>m use of rate as

an indepen variable in future studies.
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Figure 1. Mean log responses to extinction as a function

of percentage of reinforeement for all groups.



Figure 2. Mean log responses to extinction as a function

of percentage of reinforcement for all groups.



Figure 3. Mean log responses to extinction as a function of the

number of reinforcements for HI1 groups.



