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Studies of drive began ebout 1920, and since that
time they have steadily increased in punber. With s cure
sory look at the literature one £finds certain trends in ex-
perimentation, but more gensrally, confusion. This confu-
sion arises nainly from the lack of similerity of methods
and technlques which have baen used. It ssems, thereofors,
‘that st this time & careful veview of the literature on
drive, with particular ssphasis on sethods ad resuits and
their sgreement oy digagreemant with existing theory, is
needad. With this 10 mind the following pesper has bdeen
written. The studies reviewed ave, for the most part con-
cerned very spacifically with hunger drive. However, in many
instances studies bave been included which desl with thiree
drive because of their realevence to theoretical {ssuss. Yor
the sape reason it has been necessary to deal with certain
studies of frrelevant weivutm In thesa tangential aveas
0o attewpt has been m to covar all of thu literature.

Moet investigstors have used albino vats as subjects.
There sre some sxceptions, however. This paper will not {n-
dicate the stvaiv or sex of snimals. In general, when anfmals



of both sexes have besn uesd there is some sttempr to equate
the experioemtal groups for sge sad aex.

. In the first section mt: been mwaa the esriy
atudm &! drive, i.e., up t» shout 1940. This date has
hlm nmm becguse umil t.iui: tm thm had been little
" V5th¢ﬁr€t£¢ni wgmiut:im. Simo 1940 mxtm tmm&n aﬁ' ==
.. lmmmmim Gan M mnzay ﬁm» The mm! m ﬂsm! sece
| ‘ tions &ul with the effact’ bf éﬂw m umim wd m the
;mtm of & lammﬂ msmm. zn these areas z!ma ars
‘msifie tluoﬂ.n wh!.e& ma m exmine& 'z'he £mrth sec-
‘tton includes the px'nblm of sdjustment to mdm schadules,
ttmr effect on intake, and the effecto ¢£ thm mxadu of
deprivation on im:dw M wtivity.



EARLY STUDIES

In determining wotivationsal strength J. J. B. Morgan
was the first to provide s principle. He stated that “the
mount of inhibition necessary to evercoms any tendency way
be used as s weasvre of the strangth of that zendency". (57,
p. 94) Several investigators have followsd this lims of
thought and devissd soms soré of Tesistance vhich sust be
overcoms by ths saimsl 1f s specific drive is to be satis-
fied. In his study of wotivation ¥oss (58) manipulated drive
by depriving the snimsls of food fer varying vtﬂap prior to
testing. His basic thasis wae that “the bshavior of any ani-

_mal 1s the rasuitant of his drives te actien mad the opposing
resistances.” His primavy objsctive was to develop & mathod
for mmerically measuring drives end vesistances. Strength
of drivas wae indicated by the wumber of animals crossing &n
electric grid im a2 yniform perdicd of tima, Pariods of depri-
vation ronged from 12 hours to 72 hro. He found that with a
72-hour buager drive, 8 out of 10 snimsls will overcoms the

. vresistance of 26 volts, avd ha called this & thresheld. Im

ths same study Mess compsred the strapgth of the hunger and
sex drives by pitting them sgainst eme smothay. When rats



wers glven a choice betwesn an miual of the opposite sex

"and :m, it was found that 2 m~m Inmgar d¥ive vas in

" ﬂmt cases strenger zm » wex Gr:me. This prdmtmcn of
the bunger drive over ‘the sex dz!.wm true of ﬁhtﬁm

when both drives are &t their maximm.?

" Although Megs* vork was explorstory, it provided

& gmm:i suthod of azmﬁ m the pm‘bim of motivation

‘and ‘suggested many problems for further resesrch in this
ards. Yor sxewmple, the Columbia Obstruction Mothod was

" developed and standevdised by Jemkins, Warner, snd Wevden
(42). Ia this Colusbia Obstructiom Bax thers wers 3 come
partments: au entTsice Compartwent, su obstruction compart-
ment with a grid floor and two glass plates te prevent the
animal from jumping ovor the grid, end en incentive coupart=

‘ment. One advantage of the box wes & better electricsi uait
which allowed praciss regulation of the imtensity of shock.
Thus, individual differences in suscoptibility to shock could
be minimized by giving & grester {ntensity of shock to hesvisr
mimals, sd lass to!lighter animaise.

1 The problem of the ralative strength of differant
drives wss investigsated 15 meny early studiss. Pollowing tha
lead of Mose, Mumm, in his review (59}, veports that several
invastigators gave rats a chofce between food and s sexual
partner. Their results showed in generasl, that food preferences
for rats a8 a group were much more freguest thau sex praferencss.
Thers sre also ouserous studiss which comparas the relativse effi-
cacy of different drives in & learaing situation. Por sxswple,
Bruce (12) found a 24-hour twmger drive was mers effective than
& 26-hour thivet drive in a maze situation.



At sbout this same tiss Holden (36), in & move
carefully conteolled study, was using the Coluwbia Obstruwee
tion Mathed to determins the effect of systamatic veristion
of the period of starvation upen drive dehavior vhen a con-
stant amount of slestricsl stimslstion was esployed in the
ebstruction section. She defined bunger deive as "nothiang
wors then thet the suimel displeyed a food owarch responze.”
Prior to trsining, the sminsls were plsced en s fecding sche-
dule for ons wesk, being fed omecs dxily. Then on thras cen~
sacutive days the vats vare gives preliminary treining, duvr-
ing which they wars aliowad to sxplors the bdoz for 10 minutes.
The test periods wave 10 minutes, snéd tock place between 3 and
6 p.m. The vat wes pleced {n the entvaucs coupartwant and if
he sroased the grill was pleced sgein in the entrance compayt-
ment. He wes aliowed to nibble foof in the incentive comparte
ment after every thivd crossing. Thers wers 6 diffsrant stace
vatios perivds vamging fvom 12 to 72 hours. With low intenst-
tien of shock Holden found that the bunger drive, as measured
by sumbere of cressing, tendsd &o incvease &3 the starvation
period vas fncresased from 12 te 36 hours, and decreased aftex
36 hours stexvation. With higher intensities of shock the
samy effects wers noticed, but the verisbility of mmbers of
¢roasings within ssch group seemed to obliterate sy group
diffavences. Holden stated that greater intensitiss of shock



do not ‘give adequite messures of the relative affect of
i'ufﬁ:mia periods of starvation,
| Also using the Obstructiou Bex, Warmer (83) sube
‘Jected hic rate te pariods of stayvation of 0,2, 3, 4, &
and 8 days. Hie'vesults were sinilay to those of Helden
" in that the curve shoving nusber of crossings &8 & funciicn
 of 'lerigth of deprivatisa hisd & suximos poimt st oué of fn-
' termediste starvation intervals. Howsver, his values for
‘the puriod of deprivation which gives greatest drive (as
veflected by nusber of cressings) were slightly bigher tham
those of Holden. Warner vepsrted that the mesn wuwber of
croseings incressed up to 3 days stervation, but he moted sex
" differevces. The peint of greatest hunger was st 2 daye do-
privation for femsles (this valus is bse to the one noted by
lmm and at 4 days deprivation fer males.
Avother typa of ohstrution bax was devised by Stone
3 0 mr. It cousisted of & tube shaped 1ike a stovepipe
with . M*ﬁm&u ¢lbow at the imt:zm, which vas filled with
esnd. m minal was tmiw to ;sm & passage through the
sand -m order to vesch to the ineeative. Ons weasurs of
oawagiir of motivation was the uber of tiwes im 20 minutes
?.hu: the at pawed through ﬁm sand.
Axao using "rasistabcss” to be overcome by the sai-
sal in srder to securs ninﬁaxemt, Crutehfield(16) devisted



from the usual obatzuction box spprosch snd devised & wethod
of studying atreogth of motivation by datMnm tha wsy
expended in at:’rs.usawnm mw Results were repocted
14 teems of the length muﬁé- to cbtain focd, the tims token
sid the velocity of euch pulling. His fiodingd shewed that
tats vhich were 24-heurs Wy st the time of t!w t:“'t; triale
pulled in greater lengths then d1d those who were 12- or 48-
houra hungry. NHis wain concern, however, was with the re-
lationship between ewergy expended om training trials and on
the test triais. He reports that the rats tend to reproduce
in their tost-tiial-pulling certain “energy expenditure"
charicteristics of thelr previcus trainieg trial wiiis:;.

Another wmsthod used to determine the stremgth of
mativation way to record activity of the rat as & function
of length of deprivation. One of the most complete studies
of this type was one done by Richter (66) im 1922, im which
he used 2 cage wounted on tashours. Animsls were pleced ia
. & situstion free from sll externa) stimulation in cowstamt
cosplate darkness. He studied the mmm- activity of
the vate under twe different conditions. In tha first cone
dition, the suimale wers fea anes & day, usually at goon, and
alloved te eat for 25 minutss. He feud that activity fa the



fivet 12 howrs following feoding is sueh greater than sco
tivity in the 12 howrs Just prior to fesding.. Re aleo noted
that the periods of greatest activity occured between shout.
5 pone and 12 eam. This vas fellowed by & period of alwost
compiore fasctivity wntil 2 to 3 hewrs befers feeding.
Sscondly, Richtar found that vhea the saimals wors deprived
of food entirely, metivity focrassed for (b firar 2 er 3.
days of atarvation, snd m steadily decressed. Althsugh

he vas interested grimarily in the affects of atervation oo
sctivicy, vather than on cverceming come resistauce, this
study semns to ghow ¢ maxisam point of the hunger drive efter
spprouivately the seme psriod as that ceported by Holden and
Warnet. It snotber situstion in which the rats had fres wc-
cess ko food Riechier (67) found that the periocds of activity
o ingctivity seemed to coow anll go with the sehe regulerity
found previously. Alsc within each sctivity period the tims
spant ‘fe the Sood box was short compared with the length of
the entire activity pevied. IU was obsozved thst ‘thiers was s
period of gesersl zetivity befors the snimal éxhibited food-
seeking behawior. Tha active perieds slternstsd with Gueis-
eent intervals every hour sod & half o two boure.  In & later
study by Hunt snd Schicsberg (36), Richter's stezt eycles of
sctivity sppssred, but the dats show grest verisbility mesng
animais. Thelr results slse agree with Rielrc's 1o that the



curves of diurnal varistion showsd the greatest smount of
activity duriog the derk hours.

In 1937 Heron s Skinnay (33) weasured strength
of motivation by counting m munbar of vasponses to s, lever
during the saxs ene-hour period esch day. This method 'iaf»
velved previous conditioning of the animals to press & bav
i3 order to escurc food. Eefors beglsning the starvation
paricd the wats had tontimuous accass to food m 2@ ’imwa.
Theresfter they were sllowed omly thet M mich a:hay re-
calved every & mioutes during the deily. & w period ia
which the sueber of rasponses m‘mmﬁe (The “m;ddm
reinforcament wos provided in ovdar to aveld extinctien.)
The results showsd that hunger, as messured by the mmber
of rasponses to the levar par howr, incvessed vfrigh m period
of starvation until & maximsl degrae 13 vesched. After this
point the rate of responding declined vapidly mtil'&utrh
vesults from insaition. The curve for chumge 35 wean vate
of responding during starvation raached ite peak after five
days of stervation. Howsver, the individual mnmf shoved
wuch varisbiiity, snd the massn rate vas feund gmo mxm' & re-
1isble indication of the extent o7 courss of bunger ia the
individual. The typiesi cusve for & single rat showed a
stesly vise throughout the greater psrt of the paviod before
death.



Another spprosch to the problem of the effectes of
daprivation on sctivity is found in a study by Bousfield
snd Bllfott (8). They wars concerned with the relation be-
tveen hours of deprivation and eatisg behsviot during limited
fesding periods. They delayed feading ramdomiy for periods
of 3%, 12, 24 ané 48 hours. They found thet with longer
periods of dolay the msounts of food consumed during s ome-
bour fesding pericd remsined relatively low for 2 or 3 days,
and there vas & merked irregularity i inteks when the periods
of delay weze varied. Also with louger periods of delay be-
fore feeding there was & decrasss in the ewount saten. In a
second experiment they found thst with delays of 1, 2 and 3
days, tha rete of cating progressively decressed during the
one bhour esting pericd. In generai, then, with 3%, 12 and 26-
bour delays there is evidence of & rhythmic effect within the
eating period. Howsver, with hmer fasts, snd & resultant
decreass in saount of {ntake, the rets ate movs stesdily snd
persistantly. In eaothsr article by Bousfield snd Elliott (9)
they discussed the different wathods used in controlling hunger
drive. They feel that the techunique weed in their experiment,
1.6., complets dsprivation for & specified mamber of hours,
is the wethod opes to least criticism. They pointed out that
even this bas its dravbacks - it does st take futo sccomnt the
rhythmic changes associated with periodic mger-conttscticns.
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‘This brings forth the mnt:y »f a feeding ncMula prior
to tratoiug. They found me: % single deily fmﬂtm was suf-
£ioiant mmmmaﬁm the age of 3 m&mtm

provided that sufficiemt tims (% to 2 houre) vas allmd

for amw. Whan m:ﬁ& of deprivatien zmr thm 25 hours
“ate used there wust be lmset tuterval bctmn mnt etiulc
te sllov the auimal te tlaku up the deficit mﬂwm iuttng
‘the i‘!wprivatim period. zu conclusion Bousfield and !iuom:.
stressed the peimt that there should be standardisation of
wethods of controlllhg the internal conditions which consti-
tute the cove of metivation. | -‘
Thus far two techniques utilized by early tsvesti-

gators have been exawined. In ome the stremgth of drive {s
seasured by the mmber of times an snimal will overcems &
sprcific vesistence; o.8. electrical shoek, sfter varying
houes of deprivation. In tiw other,; some measure of activity
level is employed aftsr varying lengths of deprivstion. In
general, 1t has been comcluded thet drive strengh incresses
up to & muxiwm polnt and then decreases. Mttiumt have
found this maxinal valiue to occur anywhere betwees 1 and §

‘days of déprzutﬁm.

Turning now frem the effects of hunger on spentanscus
sctivity sod general esting behavior, we fimd in the literaturs
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wany experiments mzm with the level of wiw m«:h will
pwsdwu the msa eificient lesrning. Heve we ﬁsﬂ * m:
*@wtaty of mm w to prm& diffevant ugrus aﬁ
aﬁw, conpled with tm ude of mewy diffavent learaing w&wm
ﬁztmﬁ, m the EBRITEEREE M some wather ama% o zmgm
‘theowies s:f mﬁvmﬁm» Az sarly ag 1917, Mm (2@) uw
mm& 8 &W ot the uffm!m of varying Cesrom éﬁ uattwa
‘tiom om the lssrning m ratention é&' & black-vhits &&swm
tion. Altheugh Dodaon hud we previous srticles to which to
r@fmﬁ ha was velatively mmga&si £3 %x;mus & mmm
for maatpulating detve, 4 desiga which has beea generaily
follewed, with ms.ﬁmﬁwﬁ by many i&thmwm even to
the present m.' Prioy to t:xstum? the saimals weve plsced
o & feading sem@:iy,, me& foeding periods twica ;‘@;7» The
different bumger comditicns under vhich training teck placs
wers produced by mx&m the et of foed for 2%‘3'1, a1 oe
48 hours. Trainlng trisls wese given betwesn 3 and 5 pom.
Teu trials weze gives every thres days to slley the %W
doprivetion group to vepelr their deficit. Ha found that ﬁx
diffevent degrees of Mumger there was & vapid intresse in the
vate of habit formetion (as messurad by the wumbar of tesls
to crigevien) up m‘zﬁwms of busger, then sslcwar imcresse
to 41 bours, sud & swdden decresse from 41 to 48 hsuvs of
hunger. Whoa the animals were tested for veteatlion there
wers 5o mariked differances in the greups. Dodson contivdes



t!mz mexinus tunger it ﬂwhed m b‘m az mﬂ 48
hours, and that motivation is iupmtam to :mmtng !mﬁ oot
_retention.

L., wes 30 yosrs Zam m;m (53); fﬁlm ::!m lead
v_aﬁ Mm w Mtﬁr im:mnh of dmimtim m mmm
miw time in nmc. ! The mam muoﬂ nf 7 amart»
}mm,. mﬁmmf: tmmmmtm mrmhamimym
& trap to wimu m dm: hm m mmm. Tow
animpls were run % 65 !&2‘ or 21 Wn after ﬁud&ns and
g!mm L trisl Mﬁy zm- 25 wiﬂu. The m ﬂptimd of
 focd for 23. lmmn vis miw !:a m»a mi\;d& faoﬂ for
 sherter thﬁﬁ of :m m,; m 6*!:&:&: m Vi
mpnzwmm izohonrw ’ﬁaammchxwm;m

| Mduuiy after ﬁu&ias vu t!w poorest.

Interest in the tifmtw of mmger en mate learning

, was slse shown by Tolman, Honzik snd Mﬁm .(m); In their
mim&amvum mm@kthecozm& pat:am

) mmisut ahead. M& vas & longer =d ;m:m um to either
side. The mtw of wpﬁ%ﬁm varying &W of mmger was
alightly uﬂmt thas soy sncountered thus far. The snimals
_in vhat they called the 'less bungry group’ were fig@ snough
to gain weight. I the 'Wy’ group the antwale ;wu fed
Wiﬁg!.y in order to lose weight. The Wy simals lesrned



14

the mazs much mors papidly than less hungry zate.? Tolman,
Honelk ané Robinstn also found that & decrssse in hunger
caused an incresse in long-blind entrances Telative to shert
blind entrances. They hypothesized that for less hungry
vats the long Dlind offers more opportunity for random cu~
rivsity, snd is thus sre distracting snd sliminated lass
randily. This suggested that whon simals in & naze are
more highly motivated, their bDehavier is more charsetoris-
tically food-saeking, snd is less varishble. Blliott (24)
confivmed this chasrvation that metivation decreases vari-
ability. In his experiment hs used s macs which had 3 alleys
leading from a weigs shaped compsriwant, all pathe being equally
vewarded. Vhen rats vers sufficiently hungry thay tended te
choose & pavticulesy path sore freguantly than the less hungry
saimals.

I & aerise of levgthy sxperiments E. E. Anderson
(1, 2, 3, 4) worked cut and tested & theory of msxe lesrning
which tie called “externalisetion of deive™. His studies bagan
with the intervelationships of diffevent drives in a battery
of tests, end the resuits indicated that with repested snd

"% 1In asother experiment {w the sewe laborastory (79)
it was shown that in & m»ma T mase, hungry rats lesrned
the sase sove rapidiy than less hungry snimsls, when perfer~
mance wanr messured by both rumning Cime s errovs.
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varied testing there ssems to be a “genersl drive" fasctor
mﬂmtng mfmmt on & im mmber of m tedts. He
W t:!m: & MW such o9 W is wa;way m;nmﬂ
| 'by faternsl conditions of the wsmxn, but with continuved
axcussl the drive mlwsim M had. to ws&ﬁm& ad
\:ﬂﬁﬁvﬁtﬂ &Mm wmmy tm:m mmmlw lary MMmuv
) viee at the mum!; a&m&mw xn m m ms: m@ bypo-
|mm he ms R maximt (3} in whh:h u&a m mm on
3 &iﬁfmmt nATeD m ﬁtfﬂmt ﬂtivm‘m% Wit&w
More meﬂigany, all euiwals ma fivst m:m on & 34
untt T-mass prier ta mme &aﬁr Mﬁm» ma tﬁm m&um
wexe uvmm inte awms m mm m & 6~w£t: tl‘wm under
. conditions of !:mxm oz mmm (rats ia sm m were fod
'mmiy before the mw m}. m results »f th,ta farat test
- sbowed :!mt m hmy mmu xwmml tha mm wase fastex
| ’nm &&m «stinm mmxm Rowwver, thete was wm of
’. lamm W m mtinm wﬁiﬁwe When m :m; were
‘tested on & thivd waze (s m«ma mm»axmmm mase)
\mdnr the same muutzéml @Mtt&m, the tmla in terme
of erzors were similer for both groups. When the mmiumaz
groups ware cospared wu;h the —— group, viich bad 8o pra-
vtm pémum op the ﬂﬁi mate, it vas found that vets with
W&m& wase experience do batter; whethar they are satisted
v? hunigey, than rats vhich m hed ne previous masze tratning.
Avderson tnterprated thess results ss supperting the theory of
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"extermilisation of drive".

Anderson elsborated his theory testing it in &
‘study (4) of the effect of pre-fesding en maze performnce
when the rats were hungry but received no food reward. If
tha phamm called “ﬁmlimum of dviva® is present
in maze lssvning then, be proposed, presentation of s veward
before the animal is put iu the ssse should improve the pere
formance by increasing the degras of svousal of the drive,
sven though there is ne fosd vewsrd st the end of the maxe.
To test this he gave rats & mimber of trisls on & 6-umit
maze under conditiens of huuger snd ao food reward. During
ths test puriods the snimsls were allowsd to sat a saall
emcunt of food befors runming the maze. His results come
firmed his hypothesis, i.e., there was & veduetion in error
scores with the introduction of prefeeding, aithough no ve-
ward was present at the end of the maxe.

A few yasre later Bruce (12) veprested this experi-
ment with certain modifications. In the firet place hs used
& thirst drive as well aé & bunger drive. He also varied the
emount of food amd water that an animal received bafors running
by giving efther 10, 20, 40 or 80 seconds of eating or drinking.
With both drives be found that veward prior to ,'t.rﬂnxug on s
T4-unit T maze produced supsrior performance. Bétter pei-

" formatics vas obtained from Chivety rats thes hungry ones whes
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a preliminary reward i{s given. The significant facet of
his usnltg was that s preliminary reward produces dicde~
crease in time acores but not in error scores. This was
ino opposition to the results of Anderson. !im'ce suggested
that perhaps the role of sotivation in learning had been
overemphasized. Motivational stimult {n this case seemed
to be move iwportant in the use of a hadbit already ascquired
than in the acquisition of a habit. He did not deny, how-
ever, the fact that through their effect on performance,
motivational atimuli may have some effect on the learning
procesg. Bruce was the firat investigator to suggest such
a distinction between lesrning and performance.

Skinner (72) found that the rate of yvesponding in a
lever-pressing situation was inversely proportional to the
amount of food eaten prior to testing. Though at firat this
appears contrary to the resulte reported by Bruce tt is not
because Bruce was desling with very short periods of pre-
feeding. Skinner pre-fed up to 6 grems. Thus, small amounts
of pre-feeding have been shown to give superior performance,
but as the amount is increased the effect is to lessen mo-
tivational level and subsequent performance.

In summary, it does sppear that the amount of drive
influences time required for learning and perhaps errors during

learning, though the-effect on errors is less clear-cut. In
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addition, however, Bruce has proposed that the major effect
of drive on behavicy is on performance, rather than on-

learning.



CURRENT PROBLEMS

Having examined some of the earlier stu&i§¢ pf}
hunger let us now look at the current problems in thi;i_
area, sand the theories and emperimsnts which have dealt
with these problems. Around 1940 several studies were
published which have been repeated and modified over a
period of almost two decades. The purpose of these studies
can be roughly divided Lgtp two categories: on the one
hand there was intevest in the effect of drive on learning;
and on the other hand, there were many studies of the effect
of drive level on performance. Both of these problems are
dealt with in Hullien theory (39, 40) and the #glatianships
huve been get down in precise quatitative terms. It appesrs
that Hull's theory has been the basis for the majority of
the experimentation in this area for several reasons. First
of a1l Hullian theory lends itself to testing more easily
than most theories because of its precise nature. Further,
Hull deals with the ?uugqpt of drive to & greater extent than
any other theorist. Finally, it is the only theory that has
produced detailed statements of the relationship of drive to
learning and performance.

One problem inherent in the above discussion is the

separation of performance (S8ER) and learning (SHR). According
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to Hull (34, 39, 40) habit strength 1is seen to be a function
solely of the munmber of reimforcemsats. Thus, drive does

not effect SHR per se, but rather SER. PFurther, SER 1a also
& function of SHR, and the drive level thus has its influence
on performance rather then learning. In his interpretation
of Hull's theory Hilgard (34, p. 132) states that "... most
of .the influences . . . . . are upon reaction potential (SER)
rather than upon habit strength (SHR). The distinction de«
tween performance snd learning, so long insisted upon by
Tolman, was formslly accepted in the 1943 postulates, bt by
‘now has greatly reduced the quantitative influence of rein-
forcement upon associstive learning. We would expect the magni-
tude of each reinforcement to be pertinent in determining the
contribution of reinforcement to hadbit strength, but we are now
told that this 4{s not the case, 8o leng as scwe unapecified
minioum of reduction in Sp occurs.” Resction potential, then,
is thought of ar being the result of four veriables; primary
drive (D), stimulus-intensity dynemisa (V), incentive rein-
forcement (K), and habit stremgth (SHR). These variables
combine omltiplicatively to give SER. In the determinastion
of reaction potential the major magnitude is D rather than
SHR. Drive is very important in Bull's system for threms
reasons: (1) primary reinforcement is dependént upon drive;

(2) drive activates habit strength into reaction potential,
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so that without it there could be no response; and (3)
without the distinctiveness of drive stimuli an @rg;gni.sn
could not learn to go to one pl;nca for food when Mxy,
ali;d to another place for water when thirsty.

Investigators have studied these mlaﬁmﬁa&gtyn
;usins & variety of techniques »M'ab:aining a variety of
rvesults. Oune problem wmch 1e facmi in wany studies is
that of distinguishing batwaen measurements of performance
and measurements of learning. How is 1t possible to separate
and weasure agmately either of these verisbles when the
int:armlatimhip between :i;m is complex? In order to study
the ﬁfﬁct of drive on habit strength and resction potential
perrhaw ve must look at each problem separately, exmintng
t:he techniques used snd remlts of each in turn. let us
ﬁrat look st studies of the relatfonship of drtvc md habit

strength.

STUDIES OF THE EFFECTS OF DRIVE ON LEARNING
Methods of varying drive level:

- In most studies of the hunger drive the level of moti-
va‘tioa is varied by mbjutiag different groups of snimals to
varying hours of deprivation (11, 13, 19, 21, 22, 25, 26, 35,
44, 45, 52,55, 61, 74, 76). This is in accordsnce with Hull's
definition of drive. However, thie is where the similarity
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between studies ends. The hau;a of éaprivat:ién to which
!.{!;te -animale ave subjected vary wid‘el_y ftv?ns one study to
;another, and {n only a few &xperim#w ave the am va;mﬁ
used, The procedure most cﬁmenzytgm:! i that of first
ééaming the snimel to a8 feeding acue&nle. and then, after
'@ certain period of time, feeding him, usu#’iy for a speci~
fied period of time, a cernin number of hours prior to ex-
perimentation. ‘*nm -tacﬁuiq;ze points out the following prob-
lem vhich shall be dealt with in @nother ‘sectiot; of this

- paper. What {s the function of a feeding schedule prior
to experimentation, and what {s the minimum smount of time
requived for the animal to adjust to perfodic feeding?

” A second method of varying drive mva; is to feed
the snimal varying smounts of food a constant length of time
before experimentation. This technique i{s used exclusively
in only one study (65), but is used in conjunction with
varying hours of deprivation in some other studies (11, 61).

aratu . eat varisbl
When drive level has been varied during learning
some measure wust be made of its effects on the learning
process. Does an increase in drive level facilitate learning
or does it have no effect on the learning process? The tech-
niques used to snswer this question vary somevhat with the
type of apparatus used. let us £irst examine types of appa-
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ratus and the dependent variables uged before turning to
experimental designs and results. Some investigators have
employed the Skinner Box in an instrumental response type

of situation. In this situation the most coimon measure of
habit strength is resistance to extinction., Finsn and

Taylor (26), Finan (25), and Strassburger (74) used the
mumber of responses during extinction end extinction time

as indices of the resistance to extinction. Strassburger also
added to this list the rate of responding during extinction.
Kendler (43) using irrelevant drive during learning snd ex-
tinction, also measured the number of reaponses to extinction.
Learning time was used by Finan and by Strassburger as another
index of the effect of drive. In this case the animal, after
a period of adaptation to receiving food in pellet form with
an accompanying click, was required to press the lever a con-
stant number of times to receive food. The total time in
minutes for this learning process was recorded. In these
experiments differences betwesn the various deprivation groups
with vespect to the measures employed were thought to reflect
differences in habit strength due to the motivationsl condi-
tions present at the time of learning, i.e., it i3 expected that
with an optimal drive level during training lesrning time will
be gshorter, thepre will be 2 greater mumber of responsges to ex-



tinction, the time vequired for extimction will be longer,
and the rate of nnmisxé Mf.na extinction will be wore
vapid.

Runways of varim lengths have been mlewd in
several experiments -(!.3. 19, 52, 61, 65). Runmming m. f1.8.,
the :m required to m from a starting box after the door
is mned to the goal twa: is, quite nsturally, one of tbe
measures of habit stxength used in each of tiwu studies.
E.eyuo»lds (65), Lmta am& f.‘-:stton (52), and Cmpball
Kruling (13) used & constent number of hmm truh
fcumd by s seﬂ.w of mtim:t:ion zﬂulu in Whiﬁh there was
no mtnfwcmt m z:ha gmi box, and measured m _@_
during bnth sets of trials. nming extinction tiuay alw ‘
measured the pumber of m ] w}_gm In a slightiy
different situvation 0’ mxy and Heyer (61) continued learning
i;ri;ais until the medisn running time showed three ;sumentve
tzisls without Msniﬁiagmt me:. Mtaﬁti&u tests were
run ’éfucds and 6 weeks. WMW were com~
patul to those during hmius to detezmine auy effects vhtc.h
drive aizut have had on mx: strength. The m of a umms
criterion introduces another problem. Amy sigu:&ficmt differences
which are found between the mtivaetmi-stwés mi be due in
part to the fact that animals, reach the criterion after dif-

fering numbers of reinforcements during training.
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A few studies have been done using mazes (35, 45,

55, 76). With this type of spparatus there is snother de-
pendent varisble which can be measured - the number of

errors during lesrning snd test trisls. MacDuff (55) end
'Hillpan, Hunter, snd Kimble (35) used the musber of srrors
during leerning snd retention as a measure of habit stremgth.
MgcDuff, using a 16-unit T-maze, measured the number of
trials, the mmber of errors, and lumiag time required to
reach s lesrning eriterion, the number of errors on a reten-
tion test 6 weeks later, and the number gg'm and srrors
for relearning. Hillmen, Hunter and Kimble, using 15 training
trisls on & 10-unit T-maze, measured time and error scores
during iaming snd test trials which were conducted under
changed amounts of deprivation. In a single T-maze Teel (76)
also employed a learning ¢riterion and subjected the snimals
to extinction, measuring in both cases the mumber of trials
to the criterion. Kendler and Mancher (45) used & single-unit
‘rwe' during harntns,‘ and gave test trials on a mage with 6
radiating alleys. They counted the number of correct responses
during testing, a corrvect reﬁmme being one which was rein-
forced.

There are two studies which use a brightness discrimi-

nation problem to test the effects of varying motivational

levels on learning (21, 22). Eiswan, Asiwow and Maltzman (22)
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used a iemins eriterion followed by & test pericd., Number

of errors during lesrning and the mumber of trisls to the
criterion were measured. The test period in this casewas
reversal training, i.e., the animsl was rewsrded when he weat
to the siimiiua wvhich had been previously ‘unreinforced. 'fhey
have a rather unususl measure of resistasce to extinction.

They used the mheir of ,irgsjyéma during testing to the pre=
'ﬁlon;ly positive, -rainféiméd stimulus as an index ,ﬁrf‘ r§l$i~
tance to extinction. 7This elininates the dm,nt an miim-
tion criterion. Using a learning criterion also, Eieman (21)
recorded the pusber of errors and trials during scauisition.

To summarize, Skinner boxes, straight ma;ya, Temuzes,

and diacﬁmimtimi boxes have been used to study the foﬁ;ﬂ:l

of drive on habit ““m;'hq The dependent variables in these
studies vary with the type of apparatue. Cowsons to the Skimmer
box studies are measures of resistance to extinction. In run-
ways all investigators have measured rumning times. With mare and
discrimination problems the prevailing memsure has been number

of errvors.

Iypes of experimental designs

There are two main experimental designs which have been
used in atudies of the effect of drive on the learning process.
In the first method, learning for the differsmnt experimental
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groups tekes place under varying motivational conditions
and then the animals are tested under constant drive level
to discover if there are any differences between the groups
with respect to degree of habit strength. This technique
was used by the carlier experimenters in this area, but

it is not the most comson one. Most investigators, have
utilized a second design - a 2x2 factorial. Here each exe
perimental group is trained under a different motivational
level. Then the groups ave subdivided with each of the
subgroups reprasenting one of the motivational conditions
under which training took place and then tested. The data
ia treated by the analysis-of-varisnce technique and the
effacts of drive upon habit strength and performsnce can
be sepsrated. Any effect on habit is demonstrated if the
measures obtained on the test trials are significantly dif-
ferent for the animals trained on the learning trials under
diffevent degrees of motivation. An effect on performance
19 demonstrated if the same measures are significantly
different for animalstun under the different motivationsl
levels on the teat trisls. let us now look gt these experi-
mental des{gns wore carefully and tha results vhich have been
obtained using each.
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god coustant during testing. In this group of experi-

muents Strassburger (74) alone reports reasults vhick ave
consistent with Bull's theory, i.e., which demonstrate

that habit strength iz independent of drive at the time

of learning. He used deprivation periods of %, 1, 4, 11,
23 and 47 hours during acquisition of a bar-pressing habit,
and extinguished a1l groups under a constant deprivation
period of 23 hours. 30 reinforced acquisition trials wers
given to unimals under 4, 11, 23 end 47 hours drive; 10 rve-
inforcements were given undex ¥, 1, 4 and 23 hours deprive~
tien; 1 veinforced response 'w# given under conditions of

1, 11, 23 and 47 hours deprivation. There were fyom 10
to12 animals in each of these 12 experimental groups.
Strassburger found that there were no significant differemces
bnmm the groups with respect to resistance to extinction,
even though the total time raquired to complete the rein-
forcement process was significantly shorter vider 11 and

23 bours of deprivation thsn under 47 hours deprivation,
but he concluded in addition that the effect of reinforce~
ment upon the gmm of & bar-pressing response is not
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modified by deprivation periods from d«hour to 47
hours.

The Strassburger experiment is a replication of
the Finsn (25) study, which reported quite different
results. Finan had earlier given 30 reinforced training
responses under deprivations of 1, 12, 24 and 48 hours
and extinguished all groups under 24 houra deprivation.
He found that the mesn mmber of responses during extine-
tion increased from 1 to 12 hours of deprivation and
dropped off at 24 and 48 hours deprivation. The only
significant difference between groups, however, was found
betwesn the 1o and 12-hour groups. These results were
similar to those of an earlier experiment by Finan and
Taylor (26):

MacDuff (55) used the same amounts of deprivation
during lesrning &s Finan with the m‘maimn of the l-hour
group. However, in her cxperiment escch series of training
trials was separated by an interval of 1 week, and the
trials were continued until a2 lesrning criterion of 8
exrors or kaes om a 16 unit T-maze was reached on 3 out
of lt successive trials. In the second part of the experi~
sent MacDuff used masged training trials to the same

lesrning criterion. Retention tests were given after 6



weeks in the firet part dnd after 2 weeks in the second
part. The results showed that in both cases the animals
run under stronger drive made fever erras during learning
than rats run under weaker drive. Also there was better
retention with a stronger drive, as showm by both the
number of errors made and the mean mmber of trials to
relearn the maze. MacDuff interpreted the guperiod re~
tention of the 48~hour group to the fixative qualities
of atronger motivation,

Using thiret vather than a hunger drive, O'Kelly
and Heyer (61) obtained results similar to these of
MacDuff, With a singla trial per deprivation period,
they continued tratning trials wntil the wedian rumaning
time on a runway showed 3 successive trials without sig-
nificant improvement. Training trials were run under con-
ditions of 11% and 35% hours of water deprivation. . &nd
additional group was used {n vhich t&a -snimals were de-
prived of water for 35 hours, and & hour before running
they were given 2/3 of &n average 36-hour total water
intake. The retention tekts were given after 3 or 6
weeks. The 35%~hour group showed the greatest efficiency
of performance during learuing, and on vetention tests
after both 3 and 6 weeks. The effect was more proncunced

after 3 weeks without practise than sfter & weeks. O'Kelly
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and Heyer stated that their results were contrary to
Hullisn theory. The motivational variable was signi-
ficant.

One further study must be ‘mentioned bere. Reynolds
(63) attempted to vary drive level at the time of training
by varying the mmt: ;:f food giéﬁn 4 constant number of
hours prior to training trials. He hoped that the use of
this technique mlé\gtﬂ results contrary to those of
Finan end MacDuff, m& thus lend suppert to Hull's hypo~
thesis. Reynolds first subjected his animals to s 24-hour
maintensnce schedule, feeding them 12 graws daily. Then he
fed the low drive animals 12 grams and the high drive ani~
mals 3 grems at their usual feeding time, and g&@a them 25
training trisls 24 hours later. Extinction trisls were
carried out on the fifth day following training st 26 hours
deprivation. Reynolds found that, under these conditions,
training with a lower lével of drive will elicit a greater
number of trisls to extinétion than when animsls are trained
with a higher level of drive, when level of drive {s equated
before extinction. However, he interprets his vesults to
mean not that habit-strength of the low drive group was
gredtén but rather that the habit acquired by the high
drive group had a greater amount of conditioned inhibition
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within it because of the shorter letencies of the high
drive group. Thus the high drive mm;a shoved a faster
rate of extinction.

It has been seen that when drive is varied during
leamins and habit strength is subsequently tested under
a matm: motivation, most imeatigatm hm tm an
optimal drive level for lmiag. st:rmtbu:gar aim
has reported comclusive results ahwins that habit strength
18 wot A\:ftmee,im of drive at the time of acqniai—.tw_m.

A 222 experimental design has provided a grester mumber

. of gtudies which £ind that drive level at the time of
lesrning has no significant ¢ffect on habit strength. In
this method a constant mumber of training triasls is wsually
given. Although the total mmber of trafning triels varies
from one study to snother there are three studies which we-
port similar results (13, 35, 76). Teel (76) used 56 tyrain-
ing trials on & maze, % of which were forced to insure equal
nunber of veinforced and unreinforced rung for all sniwale;
Hillman, Hunteyr and Kimdle (33), using water deprivation,
gave one maze trial a day for fifteen days; and Campbell and
Kraeling gave twe trials & weck on & yunway for 7 weeks.

The deprivation intervals used during training vary as much
as the mumber of training trials given. Teel used 1, 75 13
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and 22 hours of deprivation; Hillman, Hunter and Kimble
trained under 2 and 22 hours of water deprivation; and
Campbell and Rraeling used 12 and 60 hours deprivation
for learning. Despite this lack of similarity in the
independent varisble values the results of these three
pmgi.u support Hull. Teel found thet am analysis of
varience, performed on extinction data, indicated lack
of significant aiﬁfgrms, in SHR resulting from varia-
tions in drive stremgth during conditioning, Hillmam,
Hunter and Kimble reported that there was no evidence
that the number of errors was related to strength of
motivation at any point; and that the learning curves
showed that speed of running seemed to depend almost en-
tirely upon motivation during the trials vhen it wes
measured. An analysis of variance showed that the only
significant experimental contribution te variability was
that from the motivational level at the time that the
messures weres obtained. Campbell and Kraeling found that,
using mesn running speeds, the variance attributable to
drive level during training vas significent, whereas vari~
ances due ro drive level during extinction and the inter-
sction were pot significant. An malyﬂa of the reaistance-
to-éxtinction date showed no sigoificsut differences be-
tueen any of the four groups.



3%

4 modified factorial design was used by Deese
and Cerpenter (19). They gave 24 training triels eon
a Tunvay either 1 hour prior to daily feeding or 1 hour
following the daily feeding, snd then veversed the drive
levels for the two groups. Whem the drivs level was
changed the animals trained under low drive imvediately
reached the asymptote astablum by the animals under
high drive. Deese and Carpenter interpreted this ss
indicating that training under low drive had been as
effective a8 that under high drive.

There ave several othar studies which support
these findings and sre thus in accordance with Hull's
position. These conclusions, however, ave only incidental
to the wain purpose of the experiment. Kendler (43 re-
ported an experiment in which the hunger (rewarded) drive
wos indirectly affected by manipulating water intske. In
this study 30 food reinforcements wers given during training
under conditions of either 12 or 22 hours of water deprivation.
With a 2x2 design, by cowparing groups which had the seme
motivation during acquisition but different motivation during
extinction, Kendler found no difference between the effects
of & 12 and 22 hour co-existent thirst drive during extinctiom.
He concluded that variation of the additional drive (thirst)
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did not affect the acquisition of the bar-pressing re-
sponse.

In another study Kendler and Mencher (43) imves-
tigated the effects of motivation on gpatial learning.
After 20 treining trials on & T-nsze, undér conditions
of 6 or 21 hours of deprivation, the animals were given
test trials in which they c;sulé 80 dowmoone of six radiat-
ing alleys. Only the alley leading to the previous location
of the food was minfarcu! on test trialm It sma found )
that the intemsity of motivation during the training series
had no effect upon the smount of spatial learning shown in
the test eeries,

There is one other study which might be said to
agree with the Hullisn position. Brown (11) ifuovestigated
the habit strength of a new response reinforced only by
secondary reinforcement, and found that the hunger drive
does not affect the secondary reinforcing power acquired by
a neutral stimalus.

In the only experiment of thie section which gives
conclusive contrary results, a learning criterion was em-
ployed rather than a constant mmber of training trials.
Using deprivation intervals of 4, 22 snd 46 hours, Elsman,
Asimow and Maltzmen (22) trained sanimals to a criteriom

of 14 ecorrect respomses out of 16 triale. An snalysis of
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variance revealed signifissnt differences in resistance

to extinction 5 a function of the drive during lesrning.
The 4= and 22-hour groups did not differ significantly,

but the 46-hour group was significantly differsnt from

the other 2 groupe at Besyond the .01 level. The authors
concluded that SHR bears some functiomal relationship to
drive during leerning. But as was pointed out earlier; the
use of & learning criterion complicates the findings. Lewlis
and Cotton (3?} report a study that offers only s tentative
conclusion that drive does affect habit stremgth.

A final study must be noted. Risman (21), using
varying hours of deprivation, employed a wew parameter of
drive, 1.e., the hours of deprivation during a unit of time.
He proposed that when animals sre deprived 47 out of 48
hours varying the mmber of hours of deprivetion at time
of measurement will not produce differences in learning.
With respect to mean number of eyrors and trials to reach
the learning criterion, this hypothesis was verified and
the animals that were deprived 47 out of 48 hours performed
significantly better than those which were deprived 24 out
of 25 hours.

A variety f matheds of atudying the effect of drive
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on learning heve been vevieved. The types of spparvatus
employed in the atudy of this problem sre: Skinney

boxes, straight runways, and :‘xm”,' In most studies
deive level {s varied by subjecting different emperimentsl
groups to varying hours of deprivation prior te acquisition
and/or testing. There are two main experimental designs.
" In the !grsi, _&5’”“ iﬁ vm-iaé at t!muf mgmﬁiﬁi@m and
all animals are tested under a constant drive level.

w},t;h the second dgaxgn,, a 2:2 factorial design, drive ia
varied boéh 8t the time of acquisition and ot the time of
testing. It has been mw! ‘that with only one exception
all those studies using the first method have found an
optimal drive level for learning. However, studies in
wh!.c:h deive is vavied during both lesrning and testing
have generally concluded that there are no differences

{n habit stremgth as a function of drive &t the time of

learning.
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TABLE §: SUMMARY OF STUDIES OF THE EFFECTS OF ODRIVE ON LEARNING

No. of 4
Length of Learning | Drive at / Drive at
feeding | oINS o | time of | |Poceq " | time of
schedluiei learning Criterion| jearning testing |
, 22 hrs.food | 22 hrs.food
Brown 7 20 mor- ldep. 12,22 pkinner ldep.; 12,22
, ; rs.wat,dep. x hes . wat, dep.
Canpbell 5 2 " e 112, 60 hrs. | b foot 12,60 hrs,
raeling food dep. | rumway | food dep.
, ‘ run el ther run el ther
“::2,‘:'” 9 days 24 —— fore or ? foot before or
mksuinbali i &mrFM' ey | after feedin
ih trials Black~
2 waeks ewmmn out of 16 white -
correct discrim,
| ih teials (&, 22, 46 Bilack- | &4, 22, b6
2! days o lout of 16 |hrs, food | white hrs. food
correct deprivation discrim, dep,
| 1, 12, 24, | Skinner 2k hrs.
5 days 30 hubitabad 48 hes,” . Sox dep.
— food dep. s
4 days 30 — gé :j;(z"’ Skinner 24 hes.
, food dep. | OO dep:
2’ zz h?'Sv
] : Yt o o g . !Q mft 2 22 hfi.
2 days 15 wates dep T-maze *;“" dep.
22 hrs, f 22 hrs . foud
? 36 meeve | dep.3l2,22 | KOO dep;12 22
. hrs., wat hrs.wat.dep,
6, 22 hrs. % cholce [6,22 hes,
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STUDIES OF THE EFFECTS OF DRIVE ON PERPORMANCE

In this group of stulies agein the predominant de-
finition of drive 18 {n terms of hours of deprivation (11,
1%, 15, 17, 18, 30, 32, 37, 47,%, 62, 63, 68, 69, 77, 84,
B7). With only two excepticons (41, 46) the investigators
in this ares have varied drive level by prefeeding a con-
stant smount at & varying uwbe;* .uf hours before testing.
Risble (45) used this technique with higher levels of drive,
but for testing under cenditions of low drive he varied the
enount of time allowed for eating after 24 hours of depri-
wti&n,‘-(s.numtmg fmmg after 10 or 15 minutes. There
£ oni:y m experiment vminh pwduead differences in drive
by uryms the percent body miaht:‘ Jenkins and Deugherty
(41) using pigam, trained under 80% body weight and then
raa mtmct:ion trisls u:m!e:r ?G and QG% body might.

A momber of mimntcu Mnaﬁm mze have
mmim& the effects of n Low dsgraa of hunger drive on
react:tou paamtula m: has prmced 8 mt:hodnlcziml
pmm of hw to insure cwietc mtiattm. A procedure
aux:h as :!w: mad by Saitm mﬂ !tnch (ﬁ@) is usually
taum& 'I,'hay plm mitt ma :ln the aninals' cage



for about 1 hour. Uhen the animal had stopped eating
the experimenter sltermately »nﬁfemq it dey and .mh'zz
fosd by band until the food was refused. After this,
the food container was left in the cage until there

elapsed a two minute interval during which the animal

did not eat,

us_and dependent varisbles

‘The most popular apparatus in this series of
experiments is again the Skinmer box. The mumber of
zesponses during extinction has been used by a mumber of
investigators as a measure of the magnitude of the re-
action potential, when drive level during extinction is
varisd (11, 32, 47, 62, 68, 69, 88). Sackett (68) also
measured the gverage time elapsing between sach conditioning
ad each extinction response. Tim-e are three experiments
which used widely differing motivationsl levels during ex-
tinetion but which employed identical messurss:.of resction
potential. Perin (62), Roch and Daniel (47) and Saltzman
and Koch (69) measured the mumber of gxtinction responses,
the time required for extimction, and the lstency for the
first 3 extinction responses. For this last measure, the
animal was permitted one extinction response, removed from

the apparatus for one minute, vetosted, removed for ome
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minute and utuﬁ& again. 'mem recovery intervals

were used in the hope !:i@: thzwgl{ ,ﬁpmtmi recovery,
the maar part of the extinction &i;éct#. mmiting fiﬁm
the preceding non-reinforcementa would be elimfuated.

Using an extinction sesgion followed by & relearning
‘session, Brown (11) measured the mmber of responses
during relesrning, as well as the mumber of responses
during extinction. Remond (63), in a vepetition of an
experiment by Loess (54), :used a double~bar Skimner box.
In this apparatus a series of training triais was given with
a free cholce trial followed by 2 forced choice trials. Un
the forced trials only one of the bars was presented to the
subject. With this technique measures were made of the
latency of response on the forced choice trials, and the
the free choice trials.

Straight yunways heve been emploved in only two
studies. Danziger (17) and Cotton (13) used xumning time
as & measure of the effect of drive level upon performance.
Dangiger, in addition, messured latency, f.e., the length
of time it takes the animal to leeve the starting box.

Some modified runways have been used which require
the animal to make a discrimination. Ceutels (14) used &
situstion in which the animal had to discriminate between
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a white and & black alley snd measured the number of
responses to the learning and extinction eritevie, and

the gumber of corract respunses during lesrning. Davenport
. (18) devised an unusual apparatus with & starting alley
snd 2 placforms, one of which contained reinforcement.

As in the Rawond study, a free cheice trial was zn-nm
by 2 forced cholice trials, and percent cholce of the more
freguently reinforced side was calculated. The rate~of-
approsch to the choice p@i@ was also measured.

A type of apparatus, involving & papele-pushing vee
sponse, has been used in a series of experiments studying
veaction potential (30, 37, 46, 84, 89). The techniques
involved in these studies are, in general, quite similar.
The snimal fs placed in the experimental box, and & guillo-
tine door at one end is raised, exposing a panel. The ve-
sponse required was to push the panel so that it swings open
and the animal can ,oasi:;m food pellets from a cup located
behind the panel. When the guillotine door is lifted a
timer ig started. Pushing the panel open stops the timer,
thus giving a latency measure. Horenstein (37) and Webb
{84) measured reaction potential during mt;iuctidn by re-
cording the number of extinction responses snd response
latencies. In addition Horemsteim calculsted food intake
subsequent to extinction, and Webb measured the totsl time yeguired



43

for sxtinction. Kimble (46) end Grice and Davia (30)
uged what they refer to as test trials during vhich
drive level was varied, and messured rumping Lime on
these trials. Actually the test triale of Grice and
Devia were similar to extinction trials in that mo
reinforcement was givea. In d&iciég to latenciles they
wessured the mmber of responses snd the rate of re-
spopding during testing. Kimble, however, provided
utuiom;v:m#it and meesured laténcy only duriog the test
trisls. Zesnan and House (89) alsc dealt with the
general’ womm of drive and reaction potential and uveed
a pmliwghmg response, but concerned themselves with
e:cm.fi‘m a light compar tment to & dark one. The ime
piiufi;mn of this study shall be discussed at a later
point.

There is only one experiment which mokes use of
4 T-maze. Tedl and Uebb gave an equal mumber of rein-
forced and unreinforced runs on a single-unit Temase and
reported the percent of correct repponses during test
trials. A correct rasponse was defined gs one to the
previously mnforced aide.
'In summary, studies of the relationship between
drivé and reaction potential various typee of spparatus

have been used, e.5., single ind double-bar Skimnér bozes,



runways, discrimination boxes and psnel boxes. The
measures of reaction potentisl vhich have been employed
are: resistance to extinction, response latency, percent
of correct cholce, running time, learning time and food
inteke.

g of F

In dealing with the problem of the réatiomship
between drive and vesction potential the main méht;iqm
has been to keep drive level constant during training
and then vary drive in a subgequent test poriod. With
this method a predetermined number of training trials
are usually given, but in any case, it is always assumed
that the habit strength of all animals is equsl before
drive 18 varied and test trizls are given. In more yecent
years other techniques have besn introduced. These have
varied widely and, necessarily, must be dealt with sepa-

rately.

(62) represents the most important work in this area,

mainly because 1t served as the model for Hull's theoretical
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formulations. It is 2lsc important however, because the
quantetive relstionship between dkive and reaction potens
tial which it presents has been the basis for much dis-
agreement. Prior to Perirds mkm studies had been done
which exerted much influence on Hull's thinking end Perin's
study. The first of these was an experiment by Sackett
(68). Although Sackett's results vere not significant he
suggested that resistance to a:t;ix}gtiqa is déexaaeﬁ by
a corresponding increase in ‘drivl-a;a at the time of extinetion.
Following this, a peper by mxherq and Arakelisn (32) pre-
sented evidence that animals with strenger drive make more
extinetion reactions then do animals with a weaker drive.
Their results indicated that extinction affects may be
conditioned to & given etrength of drive. Heathers and
Arakelian proposed that gffmtmﬁ strength of a habit varies
divectly with the strength of the drive present at the time
of extinction. With the framework constructed it was left
for Perin to give conclusive evidence of the relationship
batween resction potentisl m! drive, snd to quantify thie
zalatibashtp.

Perin described his experiment as a multi-variable
one “in that it 1¢ designed to show hehavior as a matha-
matical function of two antecedent variables, the degree of

training, and the intensity of the hunger drive present at the



time the behavior potential is measured™, (62, p. 93).
The desipn was in z&rewdmnsiw form with the two
independent variables representing two of the dimensions,
and the dependent varieble, behsvior potential, occupying
the third dimension. More specifically, Peria had twe
groups: in the first, drive was held constant at 24-hours
and the mmber of reinforcements given during scquisition
of @ bar-pressing response, with all groups subsequently
extinguished under 3 hours of deprivation. The second
group received 16 reinforcements during learning, hw;
extinction took place under verying hours of deprivation.
The dsta for a third group was obtained from s previous
experiment by Williama (85). This group was like the
first, in that the animale received a varying mmber of
refnforcements on the learning day, but extinction was
carried out under 22 hours deprivation. In general, the
results indicated thet the number of extinction reactions
and the time required for extinction sre both imcreasing
functions of the mumber of previous reinforcements and
the number of hours food deprivation. Hunger (as defined
by the number of hours of deprivation) and the mumber of
reinforcements cowbine multiplicatively in their detevmi-
nation of the mumber of extinction responses =~ the measure of

behavior potentisl. Although there was no group which was
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extinguished undwr zero hunger drive; sxtrapolation from
from the curves indicated th&t a mmber of nonereinforced
responges may be cxpected under such a condition,

The amount of veaction potential at zero drive has
led to a number of studies and much ccatroveray. Koch
end Daniel (47) and Saltzman and Roch (69) used a bare
pressing habit of maximm strength (70 reinforcements
during training) snd low intensities of hunger drive, and
found that Perin's theoretical values were incorrect.
Perin found relatively high values of behavior strength
at zero hunger, with only small f{ncrements in the curve
as hunger {8 incressad to the 2-hour level. Howsver, the
results of the Koch smd Daniel study showed near zero re-
cction potential valuss at zaro hunger. Saltzman end Roch,
using values of %, 1 and 2 hours of deprivation before ex«
tinction, found & rapid and progressive build-up of be~
havior strength. They pointed out ;hm: as hunger i{ntensity
increased from zero te 2 hours the smount of disagreement
between their values of behaviorstrength and those predicted
by Perin progressively decreased. It was suggested that all
4&:@%&% in Hull's system involving intensities of hunger
from 0-2 hours will be incorrect. In & critical veview of
the Koch and Dantel paper Woodbury (86) interpreted the
rapid rise in Wiﬁt strength in the first hour after
satiastion as the result of modification of internal stimuli.



This modification was probably greatest in the first
hour after satiation, wod resulted i{n s rapid rise in
effective habit strength. Woodbury therefore concluded
that Hull's assumption of & linear relationship between
drive atimuli snd drive strength was incorrect. Dansiger
(17), though not dealing dirvectly with Hullian theory,
found that even under conditions of satiation, behavior
will show evidence of the continued action of some sort
of tnmger drive, provided that the animals had bdeen pre~
viously rewarded in the same situation. Danziger used

an experimental group which was reinforced during 12
training krials and & control group which received no re~
reinforcement during the training trials. When the snimmls
were then run {msedistely after eating with rewerd in the
goal box, there was a significsnt difference between the
Pgrauyg.‘ fle explatnz&‘éﬁa,éékaitglin terms of an "extere
ualiaati;; ¢£ drive" theory similar to that of Anderson
24 3).

There arc three studies (14, 37, 46).w§i¢h subatan-
tiate the combined swpivical svidence of the Perin and
Saltzman and Koch studies. Kimble (46), using 15 rein-
forced learning trials in ; paviel~pushing situstion and
0, 2, 8, 15 and 24 hours of food deprivation at the time
of testing, reported that there was no increase in bee

havior straugth fov about 1 hour efter eating £o satiation
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ad s sharp rise in the second hour. In the pericd

from 2 hrs. to 24 hrs. after satiation the curve fe-
lating reciprocal latencies to hours of food depriva-
tion was similar to that described by Hull. When the
drive=controlling &pwaétm was prefeeding, it was found
that there weo a vapid drop in the reciprecal latency
associated with an increase in time sllowed for pre-
feeding. This teo ;mld be predicted from Hull's theory.
Horenatein {37) wes interested in describing the manner
in which each of three measures of behavior strength ~
resigtance to extinction, latency, and food intake ~

. changed as a functionm of the strength of the hunger drive
at the time of testing. Test trials were given 0, 2, 12,
and 23% hours after satiation. Cuxves for all three
measures showed the sherp rise between B and 2 hours de-
privation that was reported by Saltzman and Koch. There
‘was 2 gradusl rise from 2 to 23% hours of deprivation,
consistent with the vesults of Perin. According to Horen-
stein the habit strength evoked by the stimslus value at
which retuforcement occurred (23%) should be the greatest
evoked along the stimylus continwm. This pointed to the
cue value of drive snd suggested that for values greater
than the one at which reinforcement occurred, there should

also be a decrosse in the resction potential evoked. 1In



the Cautela (14) experiment this was found to be the

case. 1In this study training on & rumvay took place

under 23 heurs deprivation to a criterien of 18 out of

20 corveet trials, the last 10 being correct. KExtince

tion was carried out under ome of the following condi-

tiens: 0, 6, 12, 47 or 71 hours deprivation. m curves

for uapm«“to extinction incressed up to 23 hours

deprivation, then decreased slowly to 71 hours depri

vation. The suthor stated that these results ave enti-

cipated by Hull.. "According to Hull deive acts both as

a multiplicative factor with habit strangth to produce

reaction potenttal, and as & cue stimulus" (14, p. 302).

In this case the stronger drive level (71 hours deprivation)

would incresse resctiom potential, but also wmld"apante

to reduce the veaction potential, since its cue value ves

& generalized one on the stimulus generalization gradient.
One other study, which is revelent to the prebim é«m«

sidered in this section, used a pecking response in pigeons

(Jenkins and Daugherty; 41). !mmy reinforced rasponses per

day for 5 days were given dirtng treining. As moted pre-

vieusly, their method of vwins h&iﬂ level was to vary

per cent body wetght. In spite of these deviations from

most of the other studies, the results clesrly indicate
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dncreasing mmbers of extinction responses with in-
creasing drive, and are in agreement with Hull and
Perin.

Thus it appears that when drive level is con~
stant during training and wﬁ@d during subsequent
testing, reaction potential rises sharply intthe first
2 i‘mum‘ of ‘deprivuﬁm,.fm.,fwm. 3 to 24 hours ,Mddeé;dw
vation the inweau i gradual..

trials. "mmowsimny the first study to employ this
technique was one by Teel and Webb (77). They were. in-
terested in the level of occurrence of a response in t;h'u'
shsence of the drive under which Lt was originally acquired.
The animals were given 4 Temaze trials daily, two forced

and two vfrée choice, for 14 days, under 23 hours &ewkva»
tion. ' After the training trials each day the animala

were fed, and from the second day until the end of training,
satistion trials were given imscdiately after qating. The
results were presented in m&mugeﬁ of correct responses on
the free choice trials esch day, for both the sstiated trisle
and the non-sstisted training trials. They showsd that even
on the firet day of satiation trials 70% of tha snimals ve-
sponded to the gide on which reinforcement was obtained during
training. These results ere in opposition to those ohtained
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by Koch and Deniel, who reported a reaction potentisl
close to gzerc sfter satiation. Teel and Webb explained
their results in terms of the motivationsl properties
which the stimulus complex acquires, and suggest that
this {8 a possible explanation for the difference be-
tween thelr results and those of Koch and Daniel, i.e.,
in the Skinner box situation of the latter experiment
secondary reinforcement cues are winimized, whereas the
maze used by Teel and Webb might possess a more specific
stimslus character.

“Thres other studies (18, 54, 63) have used this
technique of giving forced end free trials to test the
more general hypothesis of Hull' that reaction potentiasl is
& multiplicative function of drive and habit strength.
loess (54), using deprivation groups of 4 and 22 hours
Inmger induced the animals to choose one bar rather then
the other by manipulating the delsy of re@qfwumnﬁ, 0
that the simals case to cheose the short deiay bar on
free trials, Because of the presence of an additional varis
sble, delay of reinforcement, the results were inconclusive.
Ramond (63) fmproved the tecluique of Loess and obtained
vesults which supported the Rullien Position. Remond's
hypothesis was that 1f two habite are built into an animal
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wder differing levels of drive, the choice behavior

1s a function of the difference between tha excitatory
potentials of the responses between which the choice
1is made; 40 blocks of three trials esch were given over
a period of 22 days. In each block of trials the first
was a frae choice trial with both bars presented to the
animal. The forced trials were achieved by presenting
only one bar to the animal. In each block of trials
there were two trials to Bar A and one trial to Bar B,
thus insuring twice as many reinforced vesponses to one
bar. The drive level for the two groups was 4 and 22
hourg of deprivation. The results showed that the high
drive group chose the more frequently reinforced bar
significantly more than the low drive group. The differ-
ence in choice behavior of the two drive groups was ine
terpreted as supporting Hull's asssumption that drive
and habit strength combine multiplicatively to produce
reaction potential.

Davenport (18) modified the Rawond experiment,
edding a 48~hour deprivation group, and using a spatial
discrimination. His vesults, however, were quite different,
showing a low degree of discrimination in all deprivation
groups. The percent choice of the more frequently reine

forced side was not clearly shoun to be an incressing



mzm&e fmc;&m of tha more mmmy mmmm

a!.dm The immimiwmu as.’ tha date m cnsidered

to ha dm to the appurem ;smmce of & high degree of

smausaum between the stim:lm complexes to be dis~

crmimm! and the operation of an m:trmm& position habit.

In summary; when imauigmgrn !mm employed blocks

of forced and free trials, it ,han, been iwiautgd that hebit
| strength and driw combine multiplicatively to give re-

actim patm:tul. With this a«zm it also sppesrs that

even wm:h gero drive there is substantial reattion poten~

tial.

done which used repeated deprivai:ion periods, the techni-

ques within this general category vary widely. Despite
these differences the results of each study confirm the
Hulllan hypothesis that response stremgth increases with
increased deprivation time. Ist us exgmine the techniques
individually,

In order to obtain s bsr-pregsing habit of maxioue
strength, Yamaguchi (87) geve 88 training triale under 3,
12, 24, 48 or 72 hours of deprivation. These were followed
by massed extinction trials, each group being extinguished
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at its training level of hunger, to & eriterion of 2 minutes
of no responding. The training triesls wers given in groups
of 4 trials per session, 1 session per § days. In order to
achieve this all hunger groups were on & S-day maintenance
schedule with 72 hours of hunger followed by 48 hours of
feeding ad libitum 8nd ending with enforced satiation. Each
subjeot was trained at tna*apvrapriake time within the
72-hour hunger period, depending upon its deprivation group.
The. results showed that when reaction potential was plotted
as & function of hours of deprivation the curve was concave
between 8 and 24 hours of hunger, just as Perin's was found
to be. Based on the median number of extinotlon responses
the empiriocal maximum resction potential is at 48 hours,
snd the theoretical maximum is between 48 and 72 hours of
deprivation.

In another experiment, Cotton (18) endeavored to
show the relationship between reaction potential and drive
during testing, excluding the effects of extraneous vari-
ables such as drive-stimulus generalization. In order to
eliminate gneralisation effecte each animal spent one day
under sach of the deprivation conditions - O, 6, 16, and
22 hours. Eaoh subject wae given 10 rewarded runway triala

daily., Drive conditions chapnged each day in e random order.



After 17 days of preliminery training, the training poriﬁd
continued from days 18 through 61. The same procedurs was
followed throughout the test period, until all animals in
& group had made a minimum of 49 acceptable responses under
sach of the drive levels. Responses were considered unac~
ceptable when there weore one or more competing responses
such as retracing, washing, biting, toushing the walls of
the magze, sta. A second test period was rum on one of
thujg?oups in order to provide 49 additianaiwaaoeptable
responses. The results supported previcus fihdinga that
.”rosponae strength, which is inversely related to mean
daily running time,finoreaaes with inoreased deprivation
time™ (16, p. lgé)q' In the analysis of the data latencies
were plotted both with and without competing responses.
Cotton pointed out that when the trials with oompeting
responses were eliminated, the magnitu&é of the group
trend was reduced, indicating that the major effect of
higher levels of drive iz one of reducing the oaourrence
of eompetiﬁg responses rather then increasing cpeéé of
running ber ;e.j ﬁ

Thus, it has been seen that when extinetion trials
are carried out at the training level of hunger, again the

curve of reaction potential rises gradually between 3 and
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24 hours of deprivetion. With drive-stimulus gonaralisa~
ticn eliminated, raapansa-utrang%& a41ll inoreases with

inoreased deprivation time,

Studies g&in&jirr&ldvunt.ﬂriveu: Irrelevant drives
heve boen used to explain, the prosence of substantial
resction potential under geru motivation. IYn the Hullian
syotem, when the primary drive is satiated, thers is
prosent & 'generalised driy@' state whioh funotions as a
deterniner of responss strength.

In an experiment by Webb (84) all animals were -
trained under conditions of 22 hours food deprivation.
Tralning oonsisted of 90 panel-pushing responses. In all
éxperinental groups extinotion trials were carried out
with the relevant drive, hunger, satisted. Different
groupn.rhawavvr,'raﬁi'aubaeotaa to differing degrees of an
irrelevant thirst drive. . The cenditions of thirst wore
¢, 3, 12, or 22 h?gtg of water deprivation. The resulte
suggeated that rogﬁ&née strength did vary with ths chsnges
in intensity of en irrelevant drive. This effect on
resction potential was interpreted as & contributor to &
‘generslized drive' state, Webb's results also agreed
with Perin with respeot to the strength of response at
tero relevant drive, Perin found that the number of trials
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to extinotion at zero drive wvaried botween 17 and 28
percent of the number of responses at 24 hours drive,.

In the Webb experiment the oorresponding percent of
response was 17. These results have been confirmed by
Brandauer (10) in & repetition of the Webb study. Cone
trary results, however, ha%@ been supplied by Grice sand
Davis (30)." In their experiment four groups of animals
were trained under hunger wotivation. The extinotion
trials were carried out under different motivational con-
ditions: ome group was extingulshed under 22 hours food
deprivation; one group while satiated; enﬂ‘unéar 22 hours
water deprivetion; and one group was allowed to driuk for
80 minutes prior to testing., The results showed no
significant difference between the satlated and thirety
group. This was oontrary to the results of Webdb, who
found the irrelevant thirst drive groups superior to the
satiated group. Grice and Davis concluded that although
thelr results do not lend support to the generalized drive
theory, there are other studies which have upheld it. They
implied that the Webd study did not necessarily support the
theory elther because the positive relation that he found
between hours of water deprivation and the strength, during

extinotion, of a response learned under conditions of food
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deprivation, may be due to increasing strength of the
hunger drive accompanying the incrense in the thirst
drive.

In a astudy by Zeaman and House (82), using light
aversion a8 the drive, it was shown that even with gero
drive, irrelevant drives motivated habit structure. These
investigators used s "light" drive becauss it provides no
ssoondary reinforoing asscclations and doaes not interact
with other drives. They used an experimental group which
was trained %o escape from e light compartment into a dark
ons, and a control group for which both compartments were
dark during training. Then iest trials were given in which
both compartments were dark, At the time of testing it was
found that the reaction potential, as measured by mean
latency, of the group which learned under conditions of no
drive was equal to approximately BOZ of the maximum strength
produced by learning under drive.

There remains one other study whioh does not properly
fit into any of the foregoing oategories, but should. be
montioned because it deals with the effects of drive on
performance. Brown (11) hes used secondary reinforcement
in & Skinner Box to study the effects of high drive (32 hours

deprivation) and low drive (8 hours deprivation) on the
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learning, extinction, and relearning of an instrumental
response. After a pairing session the learning, extinotion,
and relearning trials wsre sarried out under high and low
drive conditions with on1y soeanhary reiufaénemént‘being
given. The design was 2x2x2 faotorial. It was found that
in general drive affected performance, but 414 not affeot
the secondary reinforcing power ecquired by a noutral“

stimulus,

Summarx:

In studlies of the relationship between drive and
reaction potential most Investigatoers have used a constant
drive level during training, and then given & series of test
trials under varying level of motivation. Skinner boxes
have been the most frequent type of apparatus, but run-ways
and mages have also been used, It is generally agreed that
habit strength and drive combine multiplicatively to pro-
duce r;aation potential, and that within certain limlts
(bgﬁuegn 2 and 24 hours of deprivation) resction potential
inoreases slowly with an inoresase in drive. In the first
2 hours subsequent to satiation a sharper increase in

resotion potential is found,
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Table §§: Summary of Studles of the Effect of Drive on Performince
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STUDIES OF THE EFFECTS OF REPRATED DEPRIVATIONS

There is géuaral agreement in 'ﬁhé literature thet
faediug behavior is oyclical in nature. It has already
been mentioned thet mohﬁer (66, 67) and Hunt and
Sohlosberg (38) have demonstrated that maximum intake
cocurs durtng{ early evening, and minimum intake ocours
during the day. More recently Siegel end Stuckey (71)
measured food and water intake every 6 hours for 3 days,
and obtained curves of eating and drinking which were
similar to those of Hunt end Schlosberg, Giibeﬁ and
James (29) also méasuraea food and water intake every
& hours, but regulated the dayvnight conditions by alter-
nating periods mi‘ 12 haura in which the light in the
enimal’s cage was an '«ith periods of 12 hours in which
the light was tur“nad' off. With this teohnique thay
found t‘mt a.bnut threa-fautths of. the daily 1ntake
ocours during the 18 hours of night~time conditions.
¥hen the light vras left on oontinuously for 24 hours a
significant depraaaion of the rhythmiaity was ﬂ nd. &
depresaicm of rhythmioity wes also observed when the
apinmal was deprived of water for 24 hours. nen conditions

of light-on and m;tar deprivition were present simultaneocusly



84

the eating oycle was obliterated completely. These results
suggest that rhythmical eating is not dependent solely on
elther internal or externsl ocues. Bare (7) has shown that
after a single deprivation period the effeots of the day-
night oycle are 2till apparent. Thia.leaéa us to the
problem of what ooours when. the animal is placad on &
feeding sohedule. and the feeding cycles are reatricted.

In most of the axparimcntn mentioned thus far the animals
have been placed on a feeding schsdule prior to experimen-
tation, and aubjeqtad to further deprivations of varyﬁng
intervals during‘éiiher learning or testing or both. What
then is minimum time required for an animel to edjust to

a feeding schedule, #ﬁd what effects do different ﬁépriva-
tion periocds have, en such measures as food intake, activity,

exploratory bahuvior, body welght, ete.?

Adjustment to ﬁaeéing‘uohedulsn:

It has been found in several studies (6, 28, 49,
64) that when unim@i;:ﬁere plaoed on & feeding schedule
the daily intake ag& the time spent in consummetory behavior
increased daringkﬁhe first §-10 days of restrioted feeding.
Reid and Finger (64) actuelly found e deorease in intake
during the firet & days of a 23-hour feeding schedule.

Thereafter they found & gradusl increase in food and water
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intake, which reached an asymptote of 60% of the base in-
take by the 20th day. Lawrence and Easagu(ts) found, how=
ever, that with a 22-hour scheduls intako will reach an
asymptote sfter 5-7 days. This period of adjustmeat wasg
shorter with each subsequent exposure to & f@eding schedule,
Using feeding schedules of 12, 24, and 38 hours deprivation
Baker (8) found that the amount consumed during feedﬁng
increased during the first 10 days. At this polnt most
aninals were eating twiée as much as they had on the first
day. The amount of time spent in feeding fnoressed gradually
in the’firat 20 days. Although her animals were on a 23~
hour food deprivation sohedule for only 7 days, Qhent {28)
found an increase in amount of time spent in eating during
this period. When body weight is measured, both Reid ang
Finger and Lawrence and Mason found that welght decreased
when animals were placed on deprivation schedulses.

Lawrence and Mason found en asymptote aftar about §-7 days,
but .Reld and Finger found weight losses oocurring throughout
the first 10-15 days. Regardiess of the differences in
details of these experiments, the results of each point to
the hypothesis that the animel learns to eat on a restricted
feeding schedule when the food 1s present.

It has been found that activity, as measured with
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an activity wheel, also increased during the period of
adjustment to a fesding sohedule. Hall, Smith, Sohnitzer,
and Henford (31) found that although the mctivity of &
control group remained relatively stable, the acti%ity of
animals on & 23-hour deprivation scheduls rose to 1400% of
normal at the 12th day of restricted feeding. Thereafter
there were fluotuations in the activity curve, but they
were variable. In the Reid and Finger experiment it was
found that the activity rose to a maximum of 1382% of the
base during the 36 days of restricted feeding. They
pointed out that according to this memsure adjustment to

a 23-hour feeding schedule was incomplete even after 35
days. There were indlcations that sotivity is not the
preferred measure of adjustment to & feeding sohedule, and
the other measures used by Reid and Finger indicated that
15 days is the minimum period for edjustment to restricted
feeding. After this time there are further inoreases in

sotivity, but changes in weight and intake are small.

The effects of the lengﬁh of deprivation interval:

With respest to food intake there are two studies
(8, 50) whioh have shown that there is an inorease in amount

eaton with inoreasing deprivation. In the Baker study (6)
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it was found that there was o perfect negative correlation
between the length of deprivation and the intake, This
was found to be true for those animals on either a 12,

24, or 36-deprivation schedule and for those snimals who
were subjeoted to varying periocds of deprivation. Lawrence
and ¥ason (§0) investigatod the relationship be%waan.nn
established sating rhythm and the amount of food ingested
after v#rying intervale of deprivation. They had four
periodioc groups in which the animals were fed for 3 hours
deily at the same time emch day. (These groups were fed
at either 9 a.m., 1 pam., 6 pm., or 8 p.m. and there were
no differences in intake with respect to the time at whioch
feeding ooourred.) An aperiocdic group wae also fed for

3 hours at a time, but the deprivation interval varied
irregularly from 4~48 hours., After 27 days on one of
these schedules all animals were tested after 1ﬁ§$rva&n of
deprivation ranging from 4-48 hours. Both groups showed
an increase in amount eaten with incressing deprivationa
up to 24 hours. Beyond 24 hours the periodie group showed
a decrease but the aperiodie group shpwad no change. The
animals of the periodie group tended to eat more food if
the test leeding came at the regularly scheduled time of

day than if it came at any other time. The authors stated
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that this difference in eating behavior of the 2 groups
supports the hypothesis that the amount an enimal eats
after a deprivation interval is determined, in a large
part, by past experience.

Studies of the relation of deprivation interval
to activity have shown inoreases in activity with longer
periods of deprivation. Siegel and Steinberg (70) deter-
mined the activity level of animals, then divided the
animals into 4 groups and measured act@vﬁty-aftﬁt & single
deprivation of 12, 24, 38 or 48 hours. The curve of
aotivity as a function of hours of deprivation was found
Yo be negatively acceleratad. In another experiment,
Finger (27) recorded activity daily for a period of one
week of ad libitum feeding, The animals wore then sub-
jected to either a 24- or 48-hour deprivation and put
back on an unrestrioted feeding schedule. The 24-hour
deprivation led to small but relieble increases in esotivity,
and a deprivation period of 72 hours led to a 94.2%‘;uera&se
in activity. When the food was restored the activity level
was depressed far delow normal; 574 of normal for the 24-
hour group and 17.6% of normal level for the 72-hour group.
This effect continued for several days., Finger referred

to this depression of activity as the satiation syndrome,
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and pointed out that 1t can distort the neasurement of
responses in studies in whioch the hunger 4rive is manipu-
lated, In both of the studies mentioned in this paragraph,
sotivity has bsen locomotor. Strong (78) devised an
apparatus which measured both locomotory and non-locomotory
activity. After determining a nondeprivation base motivity
level he put the animals on O-, 24-, 48, or 72-hour depri~
vation schedules. The results showed that hunger primarily
increasges locomotor sctivity, and deoreases finer, non-
locomotor activity.

Studies of the effect of deprivation on exploratory
behavior have led to ¢onflicting results. Ueing a Y-mage
M¥ontgomery (566) showed that a 24-hour food deprivation
significantly reduced the amount of exploratory behavior.
Longer periods of 48 and 72 hours of food deprivation pro-
duced no further reduction in exploratory behavior. f%Two
groups were used in this exgéiiment: & sontrel group had
free access to food and water at all ¢imes in thelr home
cages, and the animals were tested for 10 minutes daily in
the masze; the expe?imental group .was on & 24-hour feeding
schedule for & days prior to experimentation, and then food
was removed from the home oages, and l0~minute test trials

on the maze were given eaoh day, providing measures of
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exploration after 24, 48, and 72 hours of deprivetion.
Alderstein and Fehrer (6) ueed a different technique %o
study the exploratory behavior of hungry and satiated rats
in a complex maze, and found that when rats are 23-hours
deprived they explore significantly more units of the mage
thanswhén they are satiated. The two groups of animals
were exposed to the maeze under conditions of both hunger
and setiation. One group was glven 3 sets of test trials
on ths mage undser conditions of hunger followed by 2 sets
of satiated trials. Saoh s#t of trials was separated by

3 days of amntinuéﬁéﬁﬁccasa to food and wat&r. The animals
in the second group were first given 2 sets of trisls under
conditions of satiation, and then 1 set under hunger.
Satiation was defined ms continuous acoess to food and water,

and the hunger conﬁiﬁiun was 23-hours food deprivation.

Sumpary s

~In this séctipn the studies have been r%vi&waﬁ whigh
deal with adjuetm§n§f§p e restrioted feeding schedule and
the amount and rgféigf intake after warious periods of
deprivation. It has been found that a period of at least
seven days is ne?géaary for the animal to sadjust to & feed-

ing schedule. Huéing this adjustment the animel gradually
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learns to eat at the time in whioch food is available.

Thus 1f the daily Pesding occurs at & time when the animal
would not ordinarily eat, he will learn to eat at this
time. Also when an animal hag been placed on & feeding
schedule and ia then subjected to a deprivation period

the amount and rate of intake is a funotion of the hours
of deprivation, i.e., both measures increase with increas-
ing deprivations. Aotivity has alsc been seen to increase

with longer deprivation periods.



SUMMARY AND CONCLUSIONS

This review has attempted to examine and organise
the literature on hunger drive in the rat. Drive ha? been
studied in relation to learning, response strength, activity,
food intake, and feeding schedules. In the earliest studies
strength of motivation was defined either in terms of the
resistance that en animal would overcoms to obtain food, or
in terms of the level of gensral activity of the organism.
The general finding was that activity level, as well as the
nunber of barrier ¢roasings to reach focd, ie an increesing
funotion of the length of deprivation up to at least 36
hours of food deprivation. There gradually developed an
interest in the guestion of whether there is an optimal
drive level for learning. Several investigators did find
that learning would ooccur more qQuiokly anéd retention of &
hebit would be better under higher drive levels. Howaver,
1t was later suggested that drive may affect the performance
of 8 learned rassponse, but not the strength of the habit.

In 1943 Hull's theoretical formulations were published,
providing testable hypotheses for the experimental work
whioch followed. Hull atates that drive level at the time

of learning does not affect the strength of the resulting
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habit, The main variable in habit strength (s8R) 48 the
number of reinforoements glven during learning. Drive and
habit strength combine multiplicatively te produce reaction
potential (SER), an intervening variable roughly equivalent
to response streggth.

One source of conflict is relationship between
drive level at the time of learning and habit strength.
Whether the level of drive at the tine of learning does or
doss not affect habit strength is e funection of the experi-
mental design empioyed. Two experimental designs have been
used. I tho earlier studies the ‘technique was to vary
drive level during training and hold it constant during
testing. Data from this type of experiment have shown, with
few exceptions, that drive level during training does affect
habit strength, 4 result apparently contrary to Hull's
theory. Ea(marﬁ recent years & 2x2 factorial design has
been more frequently used and has brought forth results which
support 3&11'5 pé%itioé that drive does not affect habit
;trength. With a 2x2 factorial design, drive is varied
during learaing, each of the experimental groups is then
sub-divided, and testing occurs for each sub-group under
one of the drive levels used during learaing. This design

is supsrior to the earlier one in that it affords control
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for the generalisation of the drive stimulus.

Of special interest is the faaé tha® when a learmne
ing oriterion has been employed the dats have consistently
shown that drive affects habit strength. Furthermore,
when a 2x2 factorial,ﬁeqign 1s used, the only two studies
in whioh the results are interpreted as conclusive evidence
contrary to the Hullian position have used a learning
criterian.. The use of & learning criterion introduces an
additional variable insofer as differing numbers of
ascguisition trials are given. Jince the number of rein-
forcements duriﬁg laarn;ng is the mein variable in habit
strength aoccording to Hull, i% follows that when the
animels hove received a varying number of training triale
it is not possible to geparate out the effects of drive,
bocause each animal has s different degree of habit strength
at the conolusion of training.

In studies of the effect of drive on reazction poten-
tial there seems Yo be more agreement, M¥ost investigators
find that habit strength and drive combine multiplicatively
to produce reaction potential. "Between 3 and 2¢ hours of
food derivntisn reaction potential is en incressing funotion
of drive level. I%ne period between O and 3 hours has been

the subject of controversy. According to Hull even with
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gero hunger drive thers should be a supat&ntﬁal reaction
potential due to the presence of irrelevant drives. Hoew-
ever, several investigestors have indiceted that with cone-
ditions of satiation no measurable degres of reaction
potential is present. Others have found & substantial
amount of reaction potentisl at gero hunger. The sum of
ovidence sesms to suggest a sharp rise in response strength
in the first two hours following satiation.

One further aspect of drive must be meatloned. It
has been shown numerous times that if an snimal is placed
on & feeding schedule, &t lesst seven days are reguired
forifha organism to adjuatlfs restricted feeding. GDuring
thie adjustment psriod the animel learns to eat during
the time that food is avail&bie. Most investigators have
used fesdipg sohedules for warylng periocds of time prior ‘
%o expesrimentation. But the length of time an animal has
besn oun reaﬁriatga feeding Goes not seem to affect the data
obtained, in thaﬁrstudies using feeﬁihg schedulag of three
deys have reported results similar to studies wiih & three~

s

week feeding schedule.



(Thirst drives indicated by %)

Table Ill: Independent and Dependent Variables in Studies of Hunger Drive
Table includes only studies using either hunger or thirst drives
DEPENDENT VARIABLES
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