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1., Frepeving Institutiom: University of Marylesnd

2. Title of Report: Remote contro} of behavior with rewarding
electrical atimwlation of the brain,

3. Frioglpel Investigator: Etanley 5. Fliskeff, Ph.D.

h. €8 peges, B figures, 30 Septenber 1965,

5. Contrack number: Di-4D-103=MD-2ZE8,

6. Sugported by:  U. S. Army Madical Recearch and Davelopment

Cormend, Depertment of the Army, Wasbingtem 25, D, C.

Thls 12 s finsl repsrt, and tke results of our work sre
eummerized., The specific aim of the redegrch program was to oxomine
the feasibility of controlling the behavier of & dog, in an open
field, by mamns of remotely trigsgered electrical stimrleticn af the
braic. The report deseribes suveh a syeten which depends for its
effectiveness on fwo properties of elaectrical stimulation delivered
Lo certain deer lying structures of ths dos brain: the well-Koowm
reverd effect, apd e tendency for sueh stimulstion to initiste and
meintain locoagtion in a direction which is seecommsnied by the
eomtinned delivery of stimilation, Experimetts cz the peromsters
of stimuletion are deseribed, in addition to an exzeriment om the
ability of a conventionsl reinforsar, food, to disrophk cnpoing, free
fleld behavicr under the control of rewording brain stimulatien,

Finally, supperting research employing albing rats is summarized,
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FINAL RREORT

I. Aius i

The eims of our work over the post three YBArXG wWere gpecific

with respect to acme reseanch problems ead gensral with respect to

okhers,
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Einee 195k, it heg beem knewn that electricsl stimntation
of certeln dsep lying structures in the brain cowld serda g an
instrumental reinforcer, i.e,, A Iewgrd In ths sense that an
organien would perform zome specific beinvlor voieh Produeed
or wad follewsd bty such eblmalation, It was known, fuprther,
That the effect could be obtained in gevepal specieg of
lsboratory arimpls rat, cab, monley, suines pig. HAescarch
wark cehtered on determining specifte loci and gyztens in the
vrain vhieh produced rewerd effepss upon stimulation; deiermi-
ning interections erems systoms pertiouiarly those maintedning
revarded and escape bahaviors| developing a1 integreted,
concoptual account of mewy Findiess oo revarding elecirical
stimalotion of the brein,

If g net diffiowlt to concelve of come practicel mppli-
eatlicne of reinforeing krain stimulotion, The work underteken
in these loboratorias wes concerned with the Bxploration end
davelopment of one such epplicetion, 1.e.. the zontrol of
apen Tleld behavicr by rewarding brain stimulesion trigpered

fTom a point remote from the behavwing organizm. The axperi-

N, B



montal enimal chosen for thle work wes the dog, and that choice

dictated some of the specifle problens investigated during the

course of oupr work.
l. A& stereotaxie etlss of the dog brein was smveilsbls
{Lin, Lin end Vorffitt), cod an elootrode plecement providing
reliable reverd effects upon stimulation hed ta be located,
2. A mnall, portable stirmister which eould be abtachzd to
a dog harpess end cvonected to it electrodes wee neaded.
The stimuletor hed to be relizble and capeble of suff{iclent
rolteze autput to be usable in the face of sxpected
impedance.variatian acrose individuel dogs.
3. The precice method of ecntrolling open flold behevior
had %o be determined, The eontrel af free-field behevior
ney be coneeptualised, in gepersl, =me aoving the dog from
gite erbitrary polnt in the field to any other eroitrary
pedntk, There are nolertlally o number of procedurss whershy
this may be scearpiiched, ronging from the stimlus contiol
of* digereke movemsnta to "homing om B beem,"
4. Oiven soluticns to the sbove quesiions, the parsmetere of
the pontrol teshnigue ehould bBe sxplored, ‘The deerer af
digtractnobitity of 4 deg ectively under coptrol 1= &
gquecstion of impertones with repsrd o sy pobentinl applis
cation of the control system,

B, 9General
Subsidiery ioc the speeific aime of the contract resesareh,

W2 undertonle Lo explore scme gansral questions Tegprding the
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oature of revardirg elsctrical stimileiion of the Wraln. Much

of this rescorch was performed with the albine rat as the

experinentel subject.
1. There heve beon suggastioms in the regearch literature
thet breio stimlsation as a8 relnforcer ray have properties
different from conventionad relnforcera such 28 food and
water. We sndertock to sxplore thir gresticn, with
partieulay anphesie om it ohility ef rowordiog brain
stimmlation to maintain in strength performances of en
arder of complexity equel to those maintained by converticrw
al roinforcers. A setisfectory a2ciution to this nroblem
heg reolevanee to the Field work with the dog.
2, Experiments reported in the 1iterature which deal with
gomparisons  betw=en rewarding brain stimnletion ond the
conventiopnl reinforcers aras, in opr opindon, waotisfactory
in that the beseline perfortances for the two relnforeers
heve not besn epuated. W mwdertock to develop an experi-
acntal procedure which world permit not only the equetdon
of the reyformoncss moiptained by the two reloforecrs, bot
pleo permit an ineguelity defined mod controlled By the
EXpETIMENLET.
1T, ¥reilities
The seweral thases o2 the roptract sark were housed in & oew
repearch buildice supelied Y the Thiverglfty of Maryland, The
bullding, 3000 sa, ft. undsr the roof, provided ¢ffice gpace, an

electronies shop, rooms fot programming eguipment, sepavafe rooms

-
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for experimental onimal chembers, anime}l holding facilities for
several specles, and a surgery. Hiztology facilities, meintained
In enother bulléing, were provided hy NASA Crant #hat=-180.81, and
Wers generoucly available to vwe.  Meehine shop Tacilities were glac
evelleble.

Tinally, our mein laboratory bullding wes locatod by the Universl~
ty in a reletively secluded msres of College Park on o fonced plot of
land one a;;e in size. Those meocmodoticns permltted the wrivets
conduet of field work. The above fapllitics becsrs availebls in the
early sumer of 1963,

ITI. Pegearch Activities

The reseerch activities wnderteken during the term of the eontract
mEyr be divided convenientdy into; resesrch 2rectly reloted to the
epecific goels af the contract, and supporting research. Svbstantinl
porticns of both research efforts have been desaribed 10 detedl in
orevious reparts. When it 1e neceasary to refor to those aapenths
of eur work, we will do o Wriefly and reforence the previous
report in wlich details may be found,

A, WVork Releted £o Hpeeifieo Gosls of the Conivect.

1. Elactrode placement in the Ao,

The work on electrode plecement begen when we entered
the new regearch building thet was prorided by the
Univerzity. June,1063. Initial electrode placements that
e exerined proved to be wmeatliafactory 1z thet lever
preseing aould net Le maintained in = levor-press dog bou,

The diffienlties =meountered were deseribed 1p our report
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of 2 Jenuary 1964, In sdditicn, it becams apperent st that
time thnt the electrode peeparation {tself offered some
specinl problems with o doz thet ere not ordinerily faced
with the rat as en experimestel subject. Thess mrolblens
ware [a} protecting the elactrode From damege, and (Bb)
infection gt the elactrode site due to m fallure of the
surglesl wound e heal, The plastic helmet thet was devieed
to protect the electrede from demage wes deseribed {n our
revort of 1 Jemuary 196k, A better technique thet we
developed invaolves embedﬂinﬁ the slactrode entdvely within
& mowad of doote) cement on the akull apd running tho leads
suboutEneoualy o & point betwesn the shoulder blodes of the
dog where the lesds are browght to the surface and affixed
te g ztandard dog harness. The newset procsdurae was
deseribed in quy veport of 1 Jarmery 1965, and it conbinues
o Bo perfeetly satisfectory in terme of durshility
(measured in ucuths) of the slectroda mssembly and
procection from infectlon, =ince the shin ig cloged et ipaly
over the électrode gite,

The elechrode placsments that we heve enpleored gubgequent
o our earliest attempts bare been patiefurtory, end we have
canplete confidence in emr sbility to surgically produce o
dog thet will shor strong reumrd ef®esets in = laver vreesing
box and iz the fleld. Figure 0 shove brein sectiops
obtalped from cevaral of thoee doge, Thae heavy, dork

markers logete the electrode tipe, The medial meenms 11 ey



Figure O

Bemple histolagleal secticns shosing typiczl elactrode

Placeneats producing rewvard effects in the dog.
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bodies of the posterior hypothalsmue are evident in sections
B and D. Placenents io thet region sre koown to be among
the best in profucing reverd affeots ip rats, In sectichs
Ly B, and D, the slectroée tips are in the Campi Forell; in
aection €, the Media) Lemnisous, lotersk to the Red Nueleuns,
The subetantiol responde rabos in the lever-press box
obtained with etimuletion in the regione just defined was
ateted in ouy report of 1 Jonusry 1984, Subsequent to that
report , wWe hove perdormned cwperiments in which lever preasing
sould be maintained on schedules of intermitbemt reverd in
the dop, ¥Fixed ratics in excens of 100 responses per rewsrd
ware 288ily shtnined.
2, The portable stimlstor emersed es & major problom, We
attempted construetion of & =mell, remstely tripgered
stimulator in otx oun lehovebory—- problems of minie-
turization were soon encountered, and the engine:ering problom
wag mndertaben bty the Diesond {rdinance Fuge Laborstory
{COPL] , now Havry Dlemond laohoratory (AEL). Thedr inetri-
went was delivered ir October, 1963, tut 1t never functioned
setisfactorily. 4 seriss of reports, written by My, Iredin
Gohpolk, cur clestronics eomaultant, described the history
of ooy relaticnship with HDL apd the performancea of the
stimdetor. The reports vere submiticd to the Menrownsyehiatyr
Divlslon, Welter Reed Arty Institute of Researck, for infor-
metdon purpeses. As described in our rovert of 1 Sfenomary

1965, we turned to Gulien Medics) Inmatrimentsa, Willow Grove,
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Fa,, for the commarcial develomment of the portable, ramote
gantyolled receiver-stlmuletor snd trensmitter units. Through
a logal representative of Qulton, f.8., Tewis Asgocintes,
Ine., Bethesde, Md., the unlt was desipned, comnleted, end
deliversd to us early ip 1964, dcme medification to the

bazic ihstrument wes nocespary, and subeeguent to those

— s

modifieations, the unit hes performed in & completely
setisfpebory meaner, In terms of eize, It I3 eesily
attached ta en orginery dog harnees; in terma of wveight,
there ie no interference with the dog'e normel pait. ‘Mhe
unit delivers a 100 eps sine-wsve at an adjustsble woliaze,
maximam: S0v peoletosperk.

3. PFrior to the {delivery of the portable stimuletor, we
undertoak field work employing s “direct-lins” zyatem, ie84,
the dog wes conmzeled to B etfmulstor, laeated in the
laboratory, by means of a cable suspended over e mnall,
fenced enclosure, (ur rerort of L Jabuery 1965 deporihad
the ragearch, In symuery, we develcped two technigues for
the control of e dog'e behavior in theo maell enelosurs,

The first luvolved the elleitation of movemgnts such os
runoing, twraing, etopring, eic. When prodused in an
appropriate sequence, a dog could be moved from one point

in the snclosure to ancther, There ere saveral digzdvantagey
to the "eliclled-bebavior™ method-- several elecirodes, eack
producing one of the reguired movements, are neceasery in

pagh dog. flthovsh {mplapting the saveral electrodes i3 no
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gpacial problem, coe 18 never certrin vhich elipited
movemerts will be obtelned from each of the =lectrofdes
wntil atiradation 13 attempted. Thwa, thare may not be
5 guitehle combination of movepents in = pertisglar dog.
fecondly, the stimuletion dntensitiss regiifrad to produce
elleited movements ere relatively highew higher then we ean
obtatn from our pertable atim:lator. The gecond methed of
control, also deserided in the 1 January 1065 report,
involveg revarding etectriecal stirulstion onlwy, Thie
gystem erpicya & aingle electrade, the tipa of wbich gre
loceted fn rewarding Wwrain areas sueh as ehown in Fieg 0,
and relatively lower imtenasities of stimulution, The
intengities required are within the cuttut capabilitice of
our etimwlator. & comparicon of the two metheds wasg
prasented in our report of I January 1965,

¥e heve aot explored further the elicited econtrol
methed; we have concentrated s field veseerch efforte
on the reverd method, The rezults kave boen entirely
gatisfsetory. Our I Jemwary 1965 report deecribed field
control with three dogs; the fowrtn dog wes undergolny
preliminary tratning, Siance then, that fourth dog in
odditicn €0 a £ifth and a sfxth hove besn treined $o track
in a free fleld under the ecntrol nf retictely triggered,
reverding electrienl atimulstien of the brain, In edditicn,
geveral sarametric studles have been tpderiaken with thess -

doga 1n order to explore the pontpol procass. A striking

-



= I0 -
redult of cur work hes bean the relstive emss with which a
dor may be truined to respond in the open £ield, The

Aeversa) 5tens in the procedwre are me Pollowg:

a) Pollowing implantoticn under Hembubal anesthesia,
the dog is provided with post-operative care in order
to ipsure recovery.
bl After recovery, the elastrade plaocoment is tested
Tor the rosuld of stimulation, We heve Alap=nsed with
teating In a dow box {neing o Tever prase as the
behievior} and we presently test by cbeerving the fpas
behavier of the dog in the small, fehced enclosure,
Tne direct line srrengement etploying a4 gticmiator Iin
the isborgtory and the overhesd connector ig atployed in
the=se tests,

The effects of sotimulation sie assegsed by aheerving
the movemernts of the deg when stimulated. With the

apnronriate electrode plecerent, there 1z g clesy

temderey for the aninsl to repeat eny movemant whiech 1a
imredistely followed by etimmlation-- the well known
reinforeement or revard effept, Thus, if the dog ig
movicg forwerd and that behovior is escompsnied by
stimulation, the dep will continue to move forvward.

A socond Itpertapt feature of stimmlstion is &he strong

tendeney to initiste locomotion in the direction in vhieh

Lthe dag's head io griented. In foot, thie isdter festure

is the key to the procedura, Thud, 1f the dog's heed is
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turned to the left with respect to the rest of his body,
tae fog will bBegin moving to the Jeft wpon the sormencement
of stimslation, Thiz tendsney pernits directicnel control
orer the deg's position in the filgld., The two tendaacien
mentioned, reward and locowotion, are maximized by warying
the intenslty of the 100 eps singwwave zflmudation. The
intensity which, In the ludgewent of the experimenter,
provides the best reswita iz chosep for m given dom,

¢} Follewing the sbove determirations, the dog, equipped
with the porteble stimalator, 1s shifted to the open

fleld sitwetisoh. This phasa of the ftraining technique is
difficult o describe In werds-- ite =irm is to obtein
precise, directionally vontyelled wowement {i.e., trocking)
in the field. Because of the necesslly of adluwting the
detrfle of the procedure to cock Iedlvldnal dog, the
crerall techitique pay be poorly sureptlble fio conplote
mitenmation. Glven that a particouler dog is oppropristely
implented, and the intensity of stimlatiom her been found
#hich maxirdzes forward locomotlion end the reward effeck,
the preciee reletionship wetween the dog's fine behavior
and the delivery of stimulation becomse oritical.

With judicious appliestion of stirulation by the
experineptar, movement in B parliculor Airection can be
iBltinted when the dog'e head is oricobed in that
direction. Onmes tha movement 1e Initieted, 1t eso be

cainteined by intermlIttent stimuiation which serves to

B o
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telufores moving in that direction, If the experimepter
vighen to chenze the direction of movesent at o partieular
polnt in the field, stipulatdien is withheld vhen the deg
resrhes thet point. Very early in treining, the dog
loarng thet stimulation will be contipued anly iF he
arieste in & new direesion, Thus, et stimtlation is
tevrlnated Ty the expericentar, the dog meres ip amnll
cirelzs. VWhen the doz's heed in pointed 4o the appropriats
dlrzction, stimmletion {s apein delivered and movrement in
the vew @lrection i3 initleted.

A pimilor procedure is follawed if the dog resrs from
the derired direction., The vxperirertor dl=continuas
stimuloties; thz animel beglns cireline wetll stimulation
iz again delivered. He fhen meves farvard in the direction
ir vhich he wea oriepted at the time stimilatiem recoi.
renesd, and Intermittent stirulation 1s sontinned until
the éop vears frow the correet directing or util the
experimenter wishes to chapze the direction of isoomotion.

the individuality of mach dos i3 axpreesed in the
answerd Lo such gueetions me:

i. Bhould esck stimulotion delivered £ the dog be

of flxed duretion, cr foss wapiablo duration provide

Yetter reaulty?

fi. Are repid boreta of Btimeletlon better in thaot

locomotion is theveby racllitated, or will rapid

stimulation produce loccmotion znd then recoily
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iil, Whet are the pertivalar behovioral signs which

indicate that coatrol is being lost, end hav s pontrol

rezteblishedi

iv. What kinds of heheviors are mere easily cone

trolled with a partdeular deg? For exearple, will he

traverse o water puddle, tall grass, ste., or should

those geoprephies be oircumvented?

We have found that bthe eeveral dogs we heve worked
with are idicsyneretic with respect to zach of tha
questions that must be anawversd, Cnoa sneayeps are

obtained, asowever, field conirol becomes a relativelw

aasy mAatter. It wonid be dEifffenlt to cvererchasise

the importance of o bebavioraily sophietipated and

corpetent person hendling Lhe dog during the enrly

treining and even during the final =erformence of
cootrolled flgid behsvior., GFeoeral principlﬁs
defining zuch sophistication cemct be gpiven-- emong
veaeareh people, the phrasze "feel for behevier" smmarjzas
tha yequirement. T, Daryl Aewxins, wheo has bsen with the
prineiple investigetor since the stert of the work, has
cepably ldentified s mumber of the problems invelved in
the develapmert of the prweedurs and has solved many of
than hiweelf,

While the stove econmidevationd etrongly apggeat that
2n automated procedur: for traimirny doge to track ir the

cocn fleld is not prosdsing, it must be emphesized that
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we have not explored the poraihility st all-- our work
haz been conrerned with ibhe development al’ some Jrocedure
for obteining rewote contyol and an evpluation of 1its
Teasibility, It 15 conceiveble, snd even 1ilely, thet
& cormen denemipetor serogs degs can be ectablished end
& pracedure developed whieh will provide for the apbtometed
training of the secout does.
d)] Wken the cxperimenter i feriliar with the iddo-
gynerasies of a particulur dog, about ane weell's work,
an heour to twe houre per doy, i3 enfficicent to trealn ths
dog to track in the cpen fleld,
Tro types of practice errmngemerts have been ampleysd
th our work:
i, Genersl, opzn Tisld patterns, with the precise
pettern to be run predetermined by the experimentor.
ii. Patforns defined by a metrix of 19 gteltes in
whe ground, 3 % 5 . esch ctake cpoecd 20 feet Prop
anvther. This grrangement permitted running
standard patterns for purpnses of collsshing
quentitative date.
b. Flgure 1 shows the stimuiation eouicment we emplay in
eur field work. The units are those manufactured by Gwlton
i'-Iedir.:al_Inatrummts. Figure 14 phewa the treasaitier, The
unit~m¢éﬂufes Bﬁﬁﬁt:lé x 6 4 inches and is emsily portable,
Tae wodel shown, however, dpes nesd & power ontiet: complete

portability eculd be achicved by incorporating e betbery

Tt



Fipure 1

The {ransmitter (Fig 1A) and recelver-ptimulstor units
(Figs 1B snd 10}. The latter are shown iy place on the

bagks of cxperimental degs,
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pover eupply. Timues 1B and 10 ghow the recelver-stimglator
glrapped to the becks of tio doge. The unit mensures about
Tx31/2 2 1 inches ond waighs, ineluding lesds, connectors
and emall entennas, gbout one pound. Althouzh some minor
provlens nave arisen from time to tipe in the mse of the
trangmitter and recsiverestimlator Eyatem, its performence
hag been, on the whols, quite datistactory,

3. Flpures 2 40 5 ghow the reeulte of the field contrel
procedure, Tech of those figures congiste of gdeveral platee
wisk severnl 35 mm. photographs rar plate, The firsk
photograph in each of those Fisures shows the opan £leld
pattern through which the dop is g be puided. Alangeide that
rhotagraph, snd cech of the others in the figure, the zzme
pettern ig reproduced., The arrows on the rathern iodicete
the direction of movement of tha dog through the pattera. In
additicn, note that 3 rournd merker appeore elonrside fthe
pattern =djacent to each photograph, exeept the firat, it the
}igure. The dot indicetes the general poeition of the dog at
the time that photograph in the series was teken. Tor Turpotes
of eleplifying location of the dem, o Bisck marker was affixed
to each photogesph. The dog is shown irmedistely below the
marker, Ry follewing the orogreddion of dots nlopsaide the
patterna adlacent to the photograpbe and relsting that
progreesdon to the positiony of the dog in the sequehee of
photographs, sn eppreefaticn of fhe metion may be peinag, The

three figures, B through 5, show several pebborna,.. Twe dogs
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Tiegure 2

A gequenes of photegraphs showlng the cootrol of open

field behavior with o dog.

{822 text for explapeticn of the severnl markera in each

phictograph. )
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Fipura 3

A sequerce of photographs showing = second field pettern

being in by an experimentel dog, d ‘

(See tedt for expienstion of the seversl markers in each
.::ru

piotograph, )
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Tipure b4

E¥ilil anpther pattern,

[$ee text for suplanation of the several markers in each

photogreph. )
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Mpeura 5

A fourth pattern,

(Bae text for explsustion of the several markers in each

vaotopraph. )



| L=t
B

e

| .

L B e i =

_—

Fig 5=1




e e

I - ———

 — |

e i
|

I

Fa

|

—




e

l

Fig 5-3




]

—_—

| n

E.-..-.: | = —

A LTI
ST B

Fig 5-4




T L S—— e ——

E 1

e

— = .

p— —

wrase

SR by

:'j f‘! % ETI_':”“
Al

=1
|

—|

e

T R —— e T = -




L

were empioped in running the several seguences. The potterns
were arbitrerily chegen, but deiiberately kept simple in
order to foacilitote presentatien in the prepant format,
Unphotogrephed saguences were mare ecomplicated: the degres
of’ beharliersl control was much a= showm Iin the simpler
sequenees., It ic plear from the doka presented thet She
experimenter bag excellent control cwor the behaviar af* the
unrestricted doge.

6. Examination of Figs 2 throngh 5 showe an effect that was
Tound to cceur in all of our dops while beineg guided through
8 field pattern under the control of reverding braln atim-
Latlon. Thet effeet is sean most eloarly in severesl of the
photographa where the dog wes close to the CHmgre== pee, Pop
exenple, the oiddle photegreph 1n Flg 2-2, the bettom two
photopraphs in Fig 3-1, the middle photograpk in Fig b-1,

and the bothon photosrapk in Pig 4-5, In emch pase, and for
both doge, the ardmal aniffc alcong the ground while following
the peth selected by the cxperdmepter—-- 1% geems as though
the animed 1s following the path af en ol fectory cue. It ic
eatiraly possible, howeyer spealativa, thet thet iz preoisely
what 18 heppening, with the stirxulotion produeing & contral
procees like thet produced by an clfectory etimiius vhich
SErves 43 & reward and evodes "following" or tracking
oehovio., While we pamnot confirm or fnfiwm that
taterpretetion of the behavior, we cen melt the question

whether or ant a dog cam be troined o treck o pattern with
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his head beld hish.

In order to exzmine the posaibility, enother dog was
jmplonted and trained to track accordipe to the propedures
deneribed above. In thie instanes, howevar, revarding bredn
stimulation was delivered =0 ag not only o Initiaste ang
meinteln locomotion but aleo differemtiadly 1in order to
reinforce (the reward effact of brain stirmlotion) hesd
pofltlon, The dog was glven shout two weske of such trainins
and his tracking performenco in the open fisld was found to be
much like that shown for the other doge In Fipa 2 through 5.
Thls dog, however, progressed through o pottern with a
distinetly different head position. Figure B conpists of
three photogzraphs taken durding o trecking session, Wobe fhe
positicn of Ghe deg's hesd in the upper two vhotogrophg-— in
both, the heed polnte straight forward ratber thag den at
the ground. The ecenter pactograph glvee only e sugzestion
of the oxargereted high head poottfon that was sean of oecedlon
with thia deg. The bottom Photogreph shows g reversian to g
pertial head-down mositden. While the lowered head occurred,
it did g0 relatively infrequently, and the lidgh heed postiicn
could be quiekly reeatebliched by romentarily withholding
revarding stiomlation, It may be concluded, therafore, that
the head dewn, spiffing behavier i pot e NegeEsary coneomi-
tent of wupen field behavior control with revarding electrienl
otimuletion of the brein. Wo crnmot gtate, bBowever, that it

1e irreleventw« the preaset gxperiment may heve involved tha
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Figute &

Photopraphe showing the results of an experiment in which

g dog wae tralned to traverse o controlled pettern with

head hald high,
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suppresglon of an irportent thourh oot nacoffAary concouitant,

T- The cbove work, which etamined behevizrel aantral throngh

srbltrery patterns in the cpon field, wap not caglly suepepilbls

to questificaticn. In order to oblaln quentltativa data with
regpect to pone 0f the elementery parametera of stimiation,
such ef the duration and ioteralty of each tratn of atinmle
lation delivered to the deg during the cowrse of a patiern,
8 watrix of stakee was plaoced in the Tiald, The matrix
conaisted of flve rowc of thrse stakes in each row. Twenfy-
fmip feet ssperuted odiscent stekes in the rows and columnz,
A standard pattern apd its mirror image could Le run Tros
degy to dey and quantitative date in terme of elepged time
Trom etake to steake could be taken, Elepged time was studied
g8 & Tupetion of 4$rein dwration and intepaity of stimulation.
Within & rapge of intensities and durations producing no
behovicral control ab the low end and clearly disrupted
perfoymance st the high end, relatively awall differences in
tike mzasures were obleined as g fonetion of Inteneity and
duretisn, A asnersl sopelucion dieudng from these experie
memt2 18! Intensifies and duraticns markedly lowver than the
optimun produced ineremses in the times teken to troverse a
pattern. Taese tira scores, horever, pers fraquentiy
menningless in the sepse that control over the dog's behavior
hed ba~n lost end the performance eempletely digrupted.
Intengities and durations within the cotinum range profuced

steble performence mepsuras from day to dey, LIhe shorter
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durebicne (Ebont 200 meee) and mederste %o high imtensities

within the reape are preferred: %he deta showed oiightly

faster ruptiéing timer ot thope intensities end durstions,
Toerenses i iptensity ovd Suration boyond apblme valuep
produced longer runnlng times due %o a variety of affects,
ineluding reeoil.

Mlthough the behevioy segueneces shesm in Flps 2 through
$ did not employ the stake patterns fust deseribed, the atakes
ey be ceen in the photogrephs.
8. One of the interesting anestlons regording the comtrol of
field behavior in dogs by meons of brain stimuletion reward
coneerne the effectd of competing reinforcers, The guestion
We enterteined in & recent experinment wes: if & fog iz uwhder
the contrel of brain etimuletion reward aud s rupning 4 pon-
trolled pebtern in the fleld, how 1ikely is it that he will
ieewz the pettern when given the epportunity o obtedio e
different reinforeor? *

Two implanted dogs were deprived of food end sleowly reduced
to 808 of thelr free feedlng welghts, They wore then mazazine
tralned, i.c,, 5 latge matal box with feeder otbached ias
lonated in the fisld (pes Fig T). Throush comtrol clrcuitry
doceted in the laboratory and a switeh i the hand of tha
experimenter, the doge were traimed to mur into the bBox ot
the sound of & tone {the speakers rcap e seen it tMe centep
vhotogragh of Pig 7-2} in order to cbtain food. Ho brain

shimulation wes delivered during these treining szoplous, and
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Pipure 7

Kesponoe to the tone dn an exparinment desioned te investigate
competiltion Letwesn fopd rewsrd end brain stimulation, with

the latter serving fo control fres-field behaviop.



14

]
ke

B o e e il

[ 4
F
[l
.

aa e ey

P
F
& L}
ko
L
l
]
v W
Tﬂl
i
3
‘i
L

o

—— ey = —

i P S,

- —

T .

‘Ii"i“‘
Ll

|

4

-
2k
1 ]

n-

j' .‘P ey "
*'!\}f‘l.* *l Hr
!

B

. IW l"!’f ,‘!;’j‘i_f"”“f f

s il 1

‘.i"i. Mol it E

1 -
u . lul il

A -'“f

i lilflz
i

nh

i =

I L ""
5 Bt e g s Lt -'il--f.h..i-,,linlg_l.x

44 ‘1

ﬂ. ‘Lf ﬂ

.r-z_ '

Fig 7-1

wr Séna

LR M)

TR Tt s ¢ AT L Tty T I MO T Ay

hE A ab« -

e e



LS R

L K a0-n

. o a3 o oY PR B M NS S AN

1
|
i

=

oy w‘

R

[ T P

Py, ————

-
:

& -

e

RO T L )

-y -

-« B L e T

- S e %

[ e |

is

i il ‘EEHI"'I‘

i.:rqlsf ol TG LYy rf’J Crr.

.J_;_q.q...._.l H-.—u.-.. lt f'ﬁ“'l‘

wmlmmmf

i.. ! 2 : l.: .
iy o 14 i i i R
H :1 i 1JJ;JI i“ ‘I& il 1

ﬂﬂ: i !T

Wi e I

e B e

i1 ! "é#“‘-ﬁ L *Efj?iﬂ’f

.! .':. i I .s;,
maﬁ

£' ity ZI ;f;j£-i%h
R Aoy

Ll
iﬁ"biﬂ ¥, ..h:fi I

‘lg
i

|

)

'F

;

.

WL ST

R s e SRR T o v T

BLASIE Fhwnk | 52T S LA o TR



—ETM

ctre Wes talen never to pregfent the tone (and, henee, rewerd
the immedistely preceeding behowior} se that the dox learned
to "aquet" near the box. Rather, the doge lesrned to roem
the field freely ead to run to the bax only and when aver the
tone amnided.

When the food meintained behsvior was under good stimulus
Cpondrpl. 1.6 . rADiA epprosch.hp the. bow at the . rmind o Yhe .. o v o
tone, 3ezgiong were rum in which no tone presentationa were
uced. The dogs were tralned to run & rectangulor peftern for
brain stimulation during these sessions. The food Lox was
loested jmmedlately cuteido the rectangle, ot the center of &
long side. The dizensione of the rectenele were 48 2 21 feet,
lota that these dimengiona eonelet of =zix 2hefoot lepe =
defined by the gromd steles described earlier, with ooe leg
at egchl end of the rectengle snd two legs compricing each
sld2. When the performance for stimletion wasz stsble,
copetition scasione were run ee follows:

Two experimenters worked together; one zuided the dog
thraugh the reetengular petiern erplepring Lrain stimnletion,
vhile tho other operated the fone-feepder control. The points
in the patiera &t which the probes cceurred were determined
by the second experimenter and were wntnowm to the firet— g
blind procadure,

n) Using this techniqua, probes wsre spplied, i.e., the

tone turned on, durdnp one sz of the pattern and during a

differont leg for each clreult of the rectangls. On another
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dayy the probes fonee were kept <u Jor tvo copecQutive leps

of the pattern,

b] The shove procecure wae repeated, bubk the intensity

ef giimlation wsed to control the boaavior of the dogs

waa varied from optimm (2500 micvosnperes for cne dog

end 90 microamperes Tor the other] to seversl values
w Bed o Gplimmn e emeis oL - W s R T O L . B

The results cbbeiped or the competitioc tzeta were
strikipgly ordorly and alloved geteral conclwaiens which
aRplicd to the two Jogs. First., however, note the erperimental
arrangemeat in Fig T. The phatogrephe were fpoker at the
termiration of training to epter the bhox for food, i.e.,
before the braln stimulestion sesslcona were run, The fond box
can bhe gern in each of the photographe A throvgh F,  Phetozrephs
Iﬂ through T show s singls sequence. In phoicgraph A, the dog
(note the derk merker indicoting the positicn of the dog) iz
Pocling ewey frowm the food box, and that photogreph wss tahen
before the tons was turned ah. The tane aad just besn tarped
o when phetngreph B wes telons the dog 1 oo hie way ko the
hox. In photograph D ha is eaterdns the box, end ie leaving
it, having eonsured the food, In photopraph E.  Photogravk F
shows the second dog entering tha box during & tope triel.
Thae gensral conclusions resulbine f-om this experiment were:

&) At optimm levels of stimulatice infensity, where

excellant control of the field oeharicr wae obtained,

pedther dop emtered the Jood box even ocnoce whan the hone

SR ———

WA i

IS e L e L



wog presented for either coe or twe legs of the pettern.
The control exereized by btrein stimilasion wes sufficient
to compete successfully with a food reinforesr 1008 of
the time,

b} At the lowest lotenaifies employred, 2000 niercamperes

and 400 microemperss for the two dogs, cowtrol by stimn-

igtion was virtually nonexistemt, Poth dowg eoteyed the. ..

food hox on 10O of the tone presentabions, . At the lowest

intensities, therefore, food provided mexirum competition,
o] M intermediste intensities of stimmletion, clenrly
internedinte affeets were obtalned. Whether v not the
food compated successfully depended on sevaral ather
faotora.
1. If the dog was facing the food box when the tomne
camg gil, he was woere likely to enter thean 1f he was
froing sway Trew the food bes.
ii. If the dog had Immedistely before Besn run under
higher Intensities of stimuiation, be wap less likely
To onder the food Box than if the gmme intersmediste
intensity wes testod following a lower intenaity testh.

§i1, The dearee to which sach of the refnforcers

pontroliad the bhehavior with Intzrpediste intepcities

of stinmulstion deperded on the level of the Intermediate

intensity. Tood coutrol wes wesker ot ligher inter—
meiote inbepsities and stpopger at lower futermedisbe

intemalties.

= Tmhaw oyl
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In sumsary, then, brein etimulation cmerged og e
pomorful meens of behavioral econtrol. Under optimum
copditions, o strong reinforecr like food could not
compete, Under less than optimum conditieous, food wes
able to compete to £ degres inveresly relmted o the

Intensity of stimlaticn tsed to cortrol the dog's behavicr.

B Rugnarr ondofengloedons - e o e mo s mamow wm o e vn o -

The resulta of our work on doge involving the control of open
Tiekd behavicr employing rerotely trigpered elsetrical otimmlation
of the brein have demonztrated the feasibllity of such control
teciniques. Control of the behavior is positive sn? can be
maintained over reletively lang porlsds of time, Treining e dog
to perform Lu the open field onder the comtral of revardlne
electrical stfmnlstion of the brain can he azeemplighed in a short
Toriod of timew sbowt 1% hours of work per dog 45 2 fairly fypicel
vatua, Advertages of the system we devoloped are:

1. Brhaviersl control is obtained ot intonsities of stipu-

intion which permit poviable stimniatore of modsrete gize

and weight, Highly epecialized nipleturdization 18 not LECESEaAYY,

although euch technlowes might reduce even Purther the gise

and weight of the unid,

2. The use of o gingle alectiodz rrovides for a relatively

siuple purgical preparation.

3. The eystem 1 "quiet," i.e., envivonrental stirll. sueh ag

tooes and clipkere are unnccesgery, Stimulue control cver the

behewior is exercised By the brain sbimplation which serpas
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nlso o revard precice movgments ang initiote locowotion.

4, Tt hos not beon neceguary to smploy aversive slectrode

ploegemcnts, i.e., ploccmente nt whilch stimuletion is punishing.
Disadvantuges of the system oo doveloped are:
1. Vhile *he electrode preparation hns boen setiefectory for
regearch purpes:s, it is unlikely that it Mﬂ EETVEe OFer
wvery loip feriode’ of time, " Betker ﬁnEhcsr:l_né: and surglear

procedurss would be necessnry. i
£, The system is restrizted to line af sigrli.jlf.. It inm
necocgsnrr for the experimenter to obascyve clt;‘sel:'.r the
orlentation of the onimal and, partiewlariy, h.{.a Fine
; y
movenentd. While apticnl systems rould sxtend the range of
Aich cbesrvaticna, viznnl obstacles such as +rees, hills,
foliape, eto., connct be surmomted. Elzotronic devices
providing ocut of eight menitoring might extend the ranze of
tho sraten.
Je Indfvicualiiy nmone Aogs 18 such 08 to Buzgest thet
automated trainfing procedures might net be o eimple matter
to develop, btut 1% ie worth an sattempt.
C. Bupporting yeeearch
Resenrch which supported our primary npims wes performed during
all phases of the program. Initially, and perticulerly duripe the
time before corpletion of the new research loborotory, we eonsen-
trated ocur sgtivities on reeenrch at the lewel of the rat, With
intrensing sophistication, and the eolotions to preblems such as

electrode placement in the dog end the Aeveloprent of the portsbic
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receiver-atimylotor upit, increasingly more attention was forused
on dog research, The aighificant =ewulte of the lotter eofforts
ware aupmarised sbove; this esctlop of the report summarizes the
reacarch subsldiary to the dog work., GSince much of the suoporting

repetreh hed been surmerized ip previcus reports frem khis

labguatpry, sor Aesevintion of the svperdmorhs w1l ha relaniwaly.

concise.,
The expariments to be reported belov involved the nae of

gavaral schafulcs of reinforcetsnt. L échedule of reinforcement

ey be defiped as a rule whiech relates fn an expliclt wanper the
ocoqurrence of a pelaforeer and the bshavior of en orgenism, o
laboratory srecbice, these ruler are interpreted inteo relay logie,
and electrical cireunits cnnéisting uf relays, estepping switches,
timers, ate, are constmacted, While knowledme of the alectrical
circuit employed in =ach emferiment ie unneeeesary, 8 statement
of the behevior-relnforcement, rnle, or schedule, 1s OPCCESEYY.
Each cchadule thal we emplored is identified in the appropriate
place, In sme instauces, "reninder" dufinitions haove been
Included. For purpobed of complatenees, hovever, s liat of the
reinforcement schedules we cmplojred will now be presentad, end
reference to this list may, deperding on tle resder's background,

aid ip resdine what is to follor.

Regpohse or behavior: An enrerd, observable rovernlent of the

organism, An inatrumentel responas is e skeletal muscle movement

tith 2erves to change the orgewism's environment in some identi-



e P A

-

-

o

= 33 =

fishlse way, In the laboratory, o switch operation by weans of e

lever preee (ret) ar m Eey pech (pizeon) have heen most often used,

Reinferscrent: An Instromemtal reipforcor is a Etimalug change
which ingereuapes the probobility or frequener of o behavior whish

elosely precedes it. The oceurrapce of such a ehimylus change is 2

.reinforenmept, A pasitiva_rednParess 10- Mynooymouss with dhe -

eclloguial "rewgrd." There i oo colloauiasl cawivalent for s
regative reinforcer, but the latber are shimulus crhanees which

Ppunish, generate espape,sod metdvate ersidanae,

Schedule of Reinforcewent: A rule reluting the ooccurponce of

reinforeing stimulue changes to behavicr.

Retle Hchedule: A cehedule af reinforesment In which the
oceurrenca of a reinforeer is made dependent on the aceurrence

of & number_EE cound 6f reaspunses,

1. Mited retior the reinforper is dependent on the ocecurreace
of N resnonses, and the size of I does not change from rein-
Toreement o reinforeemant,

2. Continruous reinforestient: £ flred rrtic schedule ip which o
equals one reapunee, Thus, esch ocourrence of the erd berion
regponge 13 reinforced. A1l other schedules are iotermitient
reinforcensnt zshedunles.

3. FErogreasive ratlo: A ratic echedule in which the pize of B
inereesea {in e syatenatis foshion) throughout an expetrimental

seseicn. The size of the initial If, the propeession conateat
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(1.2, the increment to N) und the number of reinforcements
permivted at egch welue of W, define the schednle. In tha
experiment reported belew which ergloyed a wrogreEsive ratla:
Inftial U-= onz response,

Frogyesgicon eonstopte- three Yesponesa,

Numher of reinforcements-- five at cech voive af W,

= oo . - - . e
e . - TR o

Intervel Schedile: A schedule of reinforcement in which the

asaigoment op the avallability of e reinforcement depends on the

tine slopsed siore tha preceding reinforcement. Hote, boworay,

that o response is required to deliver the reinforcement once

azgignad by the schedule,

1.

Fixed interval: The elapsed time for the assigmment of
reinforcerents is constant from reinforcensnt to reio-
foreament,

VYariable interval: The slspsed time varics Treom reinforcsment
to reinforcement in an unsyatematic fashion. The achedule ig
identified ty the mean {arithmetic) of all the intorvals
programmed. The distribution of intervels should alsg be
specified; nrithmetic distributions were ampleved balsew,

and the largest ipterval in the progrem ves alweys tiicas

the meen of all the intervats, The shortest interval waee

always zeversl seconde,

Differential Reinforcement of Lew Rate {DRL]: A cchodule dealgned

to genarate & "1low" rete of respording, A ninimue iptervel of

tine mugt elapse (the DRL intervel) betveen successive respancas

A m
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for a response to be reinforced., "Eerly" responses sterht the
intervel anev, and in each instance of sn earldy ressunse, the

sopumitleted elapssd time is lost,

Extinction: After a behevior has been reinforced seeording to
8 sckhedule, withdrawal of the epportunity for reinpforcemsnt of

the eriterion beharlor definos extinekion,

Chein Schadule: A eotipound schedule in which more than npe
Tequirgment pmst be wet in sugcession for e reinforcement so
coonr,. L subseguent requirement is aot igitisted until the
prier requirement hes boop satisried, The situation ie arranged
ga that m distinct envirouvental eondition {stimelus) is
azgocioted with each requirement ip the gequence, The

seourrenee of relnforcemert veinstates the inilial requircmeut.

Multinle Seheéulo: A compourd schedule in which more than ope

aimple schedule is programmed, esch leadins 4o reinforeenent, snd
eath compenent ig corrclated with a distipet ervironmental
eendition fatimulue), Seversl instances of each simpleyr scheduls
may occur ir seecessicn; the elmpler achedules mey change

aystemstically or unsystematically with regord to sequence,

Copeurrent Sehedule: A compound schedule in which two or more

simpier schediles eve in affept slmultancowaly. UYhere o different
respense i3 reculred for each schedule, a8 on different tewera,
the enimal wmay change freely among the several acheduwlss, Rein-

Torcemenis ere assipned by each achedule acooding te the rules

defining wach echedule,
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1. fMn egerly cxperiment studied the porformanpes of throe rots om
Pixed ratio schedules of reinforeonent, On acme dere, the ochovior
Was rewvarded with brain stimulstion delivered to the posterier
hycothelems end on other days in the conventioned faghion with
foaxd pellsts., Ooly one type of reward wae uscd on a glven day,
Qur results dememigtrated (dn all three ratsz) tiat rerformahes
with brein stimulation as the refnfercer was clearly infericy ta
rerformances mointaired by food peilets. In general, pauses in
responding after reinforeement, a typical featupe of fixed ratic
performance, veye considerebly lengthened with braio-stimulation
reward, Increases in the intensity ond the duration of the twein
of stimulation served to tomporarily "improve" performance. In =
chronic extineltem test In whieh ome hour of extlnction was
preceded by 20 reinforcements on fixed ratio 10, more responses
were aultbed when the 20 yeinforcements of the dally tect eession
were food pellels ey compared witk a seasien in which the 20 reine
forepements wore hrain stimulaticn.

2. Our attention turned te devising a nethod for walntaining mere
behavior with brain stimalation reverd than we were shls to
mafotaly in the first sxperirent described sbove, Two exnerinents
were performed, In both, & Beheduls of Interrittent reinforeemeut
Was programecsd on ons lewor of 3 two=lewver tas box., The COTNEEgNIcS
of responding on that ever was the fneertion imto the box of
enother, rebrectsble lever., Brain stirulation {posterior
hypothelamus), cne train per lever preces, wa: vrogrammed on the

secend lever ond o fixed mmbsr of stimulotions (continuous
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reinforcement) was permitted. Trnon complotion of thet number of
Etimulations, the lever petracted from the bor end the rat eculd
reproduee it only by werking on the other, schedule lover,

In the first experimert, & progresaive rotic wes Drogranned
on the Fixed, achedule lever; in the aseond exparims=at, 4 vorichle
Intervel schedule of 30 seconds. Beth experiments gave &videnco
of better schedule performance, e higher maximum ratic in the
Progredsive retis experiment ebd s higher responze rate on the
vardeble intsrval schedule af the =esond exmperinent, vith increasses
in the number of stimulztions permitted on the retroctehle lever,
3. Fased on the dasta just reporied, we undertonk a fenersl and
Tairly extansive exporiment in erder to getormine the Feneral
chereetoriviics of schedules of intermiitent reinforcement
enploying the two-lever, mitiple~=timnlaticn Trocedure described
abote. Septel and postericr hypothelamic placements were used.
Specifically, tre were interested in determining vkethar or nok
w2 could maintain schedule performafices it the ceme ranga of
marameter values as ordinerily used with food ae & reinforcsr.
The reinforeer in these experimsmte, however, was 20 4o 200
stitulatien—reinforeed pregsss on the rebractable lover, The
cebedulos studied were progremmed on bhe fixed, nonretractable
lever and werat fived @atio, fixed interval, varisble interrol,
differential reinforcement of low rates. In mll cases, the
performances on the fixed lever sppromwimeted these tysdcaolly
obtedned with intermittent mhedules of food reinforcement.

Transitions from ope schedule to ancther wers zleo typlcel. An

-

Va1 e o
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implieation of this work was: it should be posgible %o maintaln
complex performsnces with cur doge in the field. The critical
varizble in gemerating performatiess uelng brain-siimplstion
rainforeement was not the naturs of brain stiruletion #s e reipe
forcer, but rether the precise way in which it ip used, Bpeoifia
cally, the present experiment demenatreted thet 4f B brojpestimo-
letion reinforcement is defined me eeveral re Sonsa=profiteed
trains of stimulation rather thon & adingle train as is Trpically
the cose, swhstantiel behowlora} oufput sod characteristic
penedule performepoes could be chtained, Beptal placemsnts,
however, were inforior to hypothalemicn,
L. The yrecedures just dsecribed riey be classified as chain
sehadules of yeinforcoment, i,e., one performence has ps 13
coasaquenes the opportunity to engage in anctker performance
which leads te reinforeement., PEmplawing e verisble interval
schedule on the fixad lever (initisl member of the chain) snd
manipileting the parameters of brefn-stimslation Fewerid on the
rebractable lever (terminal member of the chain) o series of
experizents was undertaken to syeterntleally studr the elfects
of stimuletion persmsters. Posterior hypethalsmic placemerts
were used throyghout, except in the second experiment (Duration)
in vhich septal plocemente were elsc used.

8) Inbencity: Five stirulations were permitted in the

teroinel chaln member. The intensity, mensured jn microemperes,

wae the azrme for each of the five stimulstions, Thet iokeneity

waa changed systemetically, howover, in order to study the
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relaticenship betwesn two rveponse rates: the rate ob which
the rat pressed the lever on the varistle interval schedula
in order to gein eceess 40 the etimulation lever apd the rets
at which the sitomlatiom lever was pressed ta praduce stimu-
leticm onece 1t waa shtaiped. Our resulte indicated that the
varisble interval rate of response was low st low fntenaities
af stimuiation, increased witi inereases in the intensity of
stimalation and Ineressed s:i11] further st the highest
intenzities of: stimnlotion.” The rate et which the rats
accepted skimulation was lower ot the extremes of the intensity
variable, lse., maximum rates of self-stimuintion ocourred st
moderate intensities, These resnlts wers interpreted <o mean
that the rato of self-stimlation in the terminal nember of
the chalin was o poor predictor of the behavisr-paintedining
property of brein stimulution.

b) Duration: A simllar procedure was employed with a single
train of stimulation permitted on the retrostabvle lover
(terminel chain mewber). Azein, a varizble interval seheduls
of 20 seconds on the permenent lever (initial chain member)
agsigned opportunities to rezvand on tha stimmlation lever,
Train durations from 125 mase to 15 sec were gtudied, snd
the primary detum wag the rote of respondipg on the verisble
interml lever. The regults wews not elear: thay suggestad
that the "best" performances, f.e., highest varisbis imterval
Yeaponhe krates, woers oblained at train durations of shout five

gegolda.  Scmewhat lswer warlable interesal reaponss ~gben



[
' '

——r—

.

Ly = P e T

- In -

ceeurred gt the longest durations studied. We rould not,
however, unembighansly attribute the lower rates to the long=r
traln durationg-- it waz possible thuat the leowsr responde
rateps mt the looger trein duretions revreaented Arifts in

the baosline rather than effects of the expeyimeninl vorigble.
Dur experience with thip expariment motivated us to zesk asw
nethods of ztudying brain-stimulstion variahles; the uee of
cencurrent scheduling procedures, to be mentiened later, waa
the rasult,

¢} Fregueancy: The frequency of a gine wave 1g kmowm to
effact the performance of reta in g brain stimiaztion
experiment in which the behavior is contiruously reinfaresd,
l.e,, vhere sach lever press produces puimilation, Ve examinad
the epffects of sine-wawe frequency {poak-to-psek surrent
intenzity and traein duration bold constaat) within Lhe
corbext of the chalning procedurs sutlined above. In tkis
cude, the varieble interve? 30 ger scheduls led o o Tixed
mumber (20} of stimlotion-reinforced lever yresses on the
retracteble lever; the variable interval responase rabe wes
eraluated gt each of sevopral differven: Trequepncise of fhe
stimulation sine wave from 20 cpe {o 2500 ena. The results
vere glenr: high response rates on the verisble interral
gchiedule were oblained wit¥ sine wove freguencies betwesy

100 cpa and 500 cpa. The pesk of the function relating

rate snd frequency was epproximately 100 opg Lo 200 epa,

Gh the bagls of these date, the pertable stimlator e

" ST RTTY PRSI LA LT
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enployed in owr dog work was bullt to provide o 106G ops sine
weva.
Sobsequent o that lnltial abudy, s wors complex Btady
Was performad in which trein durstion, current inteosity snd
pine-wave fregqueticy were manipulated in a statistical,
ferterdal-type design, In this oxperiment, = sicgle shimie
latiop-reinforced press wue permitted in the terminal choin
member, i.2., of the retrectsble lewer., The above findings
were confirmed with the additiecnsl result that efforta 4o
manizulete train duretion end purrent intengity so ag to keap
prek-to-peak microcoulomba conatent 2id not produce equal
retes of resiondiog on the variebls inkervel lever, The
cottlomb, or microcoulomh, mesy not be a yaefal indipator of
reinforcement, velue, as has beeo susuectod,
5« Employing the move trediticnnl self-stimulation techpigue,
i.2., a sinple lever on waich self-stimuletion mey be programned
for each press or according fo a sehedule of internitbent rein-
foreement , Tr. Melntire in our laboratery performed an oxperiment
in which train duratiop and purrent inteneity were jointlyr varied,
Yhe performence MESSUre WaE recponse rate on 8 sehaduls of
comtinuous reinforcement, 1.e., stimeletion Qelivered for esnch
press, and on a flded rotio of five to one, Both septal and
madian forebrain bundle plagerments wers gtudied in Ehe game
enimals. Fepseomge retes for septel stimelaticn were consistentiy
lgwer than for medlsn forebrairn bundle stimulution. A tredn

durstion of 0.1 sec wes comeistently "beet" for septal stimu-
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lation, but the train duration producing meximum respouze rate

for median ¥orebrain bundle stimulation depended op pcurrent
inkensity. Higher eurrspt intensities, MOOUA mnd EDQpA produced
lnereascs in respouse rote with inerensing trein duretions up to
about 0.2 to 0.3 sec. Response rate decreaped beyond that point,
Optimum train duraticos were lopger for the fixed ratio schedulc.
The vesulte were interpreted as indiceting that microcoulemba ig
mi importent determinent of self-stimglation rate, Thet
conclusion differs from the econclusiop of the experiment nentioned
ebove in which sine-wave frequeney, train duration, snd eorrend
internsity were Jolptly vatried in the two-lever pracedure. The
queatlon regarding the posaibility of velsting reward value of
trein atimulatlon to 2 single electricel dimensisn is not

soEwared, and it remaing e an interesiing possibility.

6, Another experimen: by Dr. McoIntire {uveetigsted resistance ko
extigeticom 23 o fonction of the mothod of reword preseotetion,
Bredn stimulation rewerd (median forebrain bundle) was presemted
for one group of animals immediately ns the lever was depressed

in the traditionsl fashion. For anctier group of animela, lever
depression cokivated = dry water dlpper 1o ansther pert of the box,
end licking the dipper produced hrain stimilation (& chain
schedula}, Buitable controls Wers employed, includine a standerd
water relnforcement group, Prtinotion dcoTes, where lever pressing
no longer led to bralo stimmletion in the tirst twe Erouns or wWatar
in the water control group, showed rexfmw resistanse £¢ extinetion

in the vater contrel group, diprificantly, resistance to extinction
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wad greeter in the brain ctimnlation group which obteined stiune
letlon by licking the water cup as compared with the group that
recaived stimulaticn in the trsditionel fasklon, 1.e., "oum the
lever.,”  These results to some extent illuminate cur Findings
reported shove (persgraph 3 of thie section} in which substantial
intermittent zehedule performences wera malntalined through the
uce of & chalning procedure in which the tarminal wember of tha
chain cemsinted of scceas to & lever on which o rradebarmingd purber of
shinulaticors- wes progvanned on continucus reinforcemont. Bvidently,
the mitiple stlmidetion featurs of that work was only one of tha
variables respongible for the resnlt-- the chadning technigue was
aleoirportent. A4 gepeyel conelusion seems o be that ag the
methods emplayed to gtudy reverding electricsl atimulation of
the brein approsch more and more closely the methods eaiploying
conTentionel reinforeers, differences batwest brainwstimmletion
reverd and the conventionsl rewsrds tend te vanish.

T« DPecause wa entertained the pogaibility of hawing to emnlor

an arersive eleecirode placement it the dog ir order %o obkain
pomiirnl over the free-ricld behavior, we studizd the sffscte of
aversive stimulation contingemt upn e lever presa, l.e.,
punishment. HRats, vith elsctrodes implanted in the medial
Llompkmem and leteral genicuvipte sress, were reduced to POY of
free feeding weight and then trained on 2 variabla Iinterval aoe
mipote gohedule to press & lever for food volletz. When the
variable intervel performance was ctoble, stimulaticn was

introdueed for each lever prees. Rosponge rate was ctudled as



POy LA gl T

-k -
83 4 function of the intensity of stimulatien, Typleal pund shment
effocts were found: the rate on the veriobic interval sebedule
verled ioversely with the intensity of stimuletiem. Stpted
othMwise, the more intenze the punishing shlmmilus, the lowsr
the frequency of fthe hehavior whick Troduced it, Thet respending
#as maintained at all was dus, of eRurEs, %0 the food pelletas which
=erved 83 a source of positive wotivation for tha behavior,
Purther, when stismleticn was dizcootinued, recovery oceurred,
l.e., the responze rate returned ta the Previouwsiy wmputishsd
leved. A% the very hichest intensitice of aversive stimalation,
rech?ery was delay=d In thot the low regponas yate merslsted fap
some time {winwtea) after the removel of the sreralve contingency,
After low intensities of stimulaticm, recovery wee almact
imeedigte. Significantly, ecmpenzation, or & tendency to
"avershoet the prepunishrent bascline ThRte, ¥as saon after
noderate intensities of punishrent, 431 of the results of this
experiment conforaned to findinzs reparted in +hg literature
auploying convestionel averaive gtimuli, such as foot chook
in rats,
f. An expoviment which provided cpucial duta in degignine the
frecwtfield control ‘system far the doge wes performed ineide tho
laborebory and employed rats as the eXperinentel sublects. The
procedures and resulte were dezeribed fn detall in cur report of
1 Januery 1965. Tn summary, s small, veoden "field" was prepared.
It messured avprogimetely & x || feet and was lovoted in m corner
of the labaratery. A ret, with slectrodes intated dn the rogion

of the mammillery bodies of the posterior hypethalamue, eould
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roam Treely over the field and was comnected to 8 otimiigtar by
meana of & flexibie cord hung from a pulley deviee over the
center of the Flold. The experirenter viewed the rat hr moang
of 3 nirror inelined 45° fram the borizontal, GSeveral prneedﬁrea
were attzupted in order to somtrol the field behevior of the rak,
It wag discovered, almpst Lo aoglident, that 1f short treing of
stimilation are delivered to the rat at a fofirly rapld frequency,
forward locomotion in the direcbion of hend orientation was
initiated, The intensity of stimuletion wes eritical apd had
to be determined empivieally for sach rat, Too low en intenaity
end locamotion was not Inftiated; oo Wigh, and recodl was
obtained, The procedurs, then, for meving the rat frem s point
in the tleld to snother point was to turn on stimulation when
the rat's head was pointing in the desired directicf—- stimuletion
was kept co (200 meec Bursts, thres per sccond) as long ss the
rat locemated 1o the desired direction. The pag quickly
learped to wave 1te hend Trom eide to zide when etimietion
was terminaoted, because thet behavior was revardsd with the renewel
of afimdation. If o chenge 1n directian wes desired, or if the
rat vesred off course, etimglation wes terminated. The rat
remained stotlonsry in the absenee of stirulstion end “sousht”
the pew direction by means of the aforomenticned head mavement .
In & short period of time, good eontrol ovsr tha rgtn' free-tield
behyvior wos zstahlishad,

te next examined the comtral procedure Just described undsr
more etrvingent conditicns from the poimt of view of maintaining

behavierel cortral. Ohatocles were Placed 1n the Field which
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the rat had to swrownt in order to continue locomotion in a
dirertion which meintair=d stisulstion. The obstacles were
eesily surmounted, end littls 1P any degradation in periormanca
was obeerved. Finally, the field was flooded, and the #at wee
required to lecve a corner platform snd swin in order to reeeive
stimelatien. Again, comtrol aver the direction of locomotiew
wag positive. The significanpe af the J_‘:‘inﬂing with rogard to
guimning regts in the netuyre of the behevie —— 1% is not “ret
1ike," Apparently the contrnl technigue ie powerful snoush
to genersie and mmintaln control aver o bebmviar which is not
cowiton Lo the apeeies. 1hile awimming hLas been studlcd in
rots over the years, we were neverthelses impreased with the
finding.
Becouse the effects Just deseribed were otieined in three
out af three rats, 1t secmed Promising a8 a technioue for the
deg. Tt wiil be recognizad that the procedurs Les mueh ip
common with tke dog comtrel procedure despribed earliews in
thia report.
B.  Additional remeerch

Thiz clessification of resemrch setivitizs is included tno
cover research which wes oimed at explorine the rropexrties of
brain stimulaticn po g reinforcer, the Jdevelorment of techniques
to accomplieh that goal, and an explovation of same implications
ot our findings from obher experimants,

i, In the typical brain stimulation gxperiment., stimulation

oeeurs dmmediately uron elosure of the lever switohes the anly
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deleys invelvad ave those that result from the use of eleptrical
prosrasming devices, and such delays ere calevlated io
milliseeonds. Food ¥einforcememt Invelvee delovs between o
lever press and the receipt of Tpod reinforeement in the erdar
of o s2ecchd or 2o, Enpleying a muitiple schedule technigoe

in which tiie »at hod to alternate between two lpvers to
abtain ELEEEHHiTE rednforcenents (perssveretive responses
going wwpeinforced} : v coprelsted ope stimilus in the Tultiple
schedule with & zero delsy between the lever press and stimu-
letion @nd the other stimmlus with o half-gecond delay.
Poaterior hypothalamic electrode placemeats were wpsed. The
tio delay conditions of the multiple zchedule alternated
every Tive minutes., The purpoee of the etperiment was to
study reslstance fo extinetion g & funetion of the zero

and helf-sscopd delnya: tho modn dehn tursed out te be the
performance of the rets during the half-sccond delay
vondition. With no Aelay, the elternaticn betwean lavers

vag emootly with & half-second delay, rother bizzare response
topopraphien develapsd between & lever presa and the
vecurrence of atimnioticnew= the rat would stand erect on its
hind ypaws, forepaws extended snd bead cocked in sn unususl
positlon. That both the smooth snd the bizaare topographies
cequrrad in the sgme rat suggested that tlo letter was a
conditioned respanze rather than an elicited motor effect of
the stimulation. We cpeculetsd with regard to the ronegis of

the delsy behavlor end suzgested thet 14 could have resulied

T

) T T
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from the ingtrumentgl shapiop of an ariginally eleseically
conditioned motor recpones. To investlzete the posaibilityr
of elassical econditioning, e new rehbs were employed in &
clarsical conditioning experiment. A hrisf tons wae

folleved a hatf-second lster By brain stimlatien, Ho
instrumantsl response was requirad to produce the stimijatian,
of course, and the inkensity of the stimulation wos met ot

8 level thot proaduced op casily cbasrvable head cock. We
succeeded in conditioning and then extirguighing the head
cock, Qur dets were interpreted pz being relavent ta the
dippriminetive stirulus hrpothesis, and wve suggested thet
the logical conelusion thet brain etimulation does not

TeqUire A CONSMMELOry Yespohae canbot be used as evidence
against the dlscriminative stimulns mypethesis, which relates
the diseriminstive and reinforeing properties of g stizulne,
A half~second deley between a stimulus erd reintorcing brain
stlmuletion offers smple opportunity for rosponees other then
oonsumnatory to ceme under the eonlxol cof an epvircomentel
gtimnlna,
2. A theory of brain stloulaticon in the surrent literckures
ldeutifies s dwel role for cach respopse-produced stirmlstion--—
it rewards the response in the conventional fashicn and elap
provides motivation for sdditional respondine. Thus, the rat
presses the lever becanse previous stimulation heg rewsrded the
Jerey tress apd also mobiveted furthey lever nressing. Thie

theory wekee sn unasual predieticn with regard to extinction
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after continnous reirforcement, It states ¢hat extinction Is
eseentlially indevendent of the mimber of unrelnforsed respnses
and primerily dependent; om the Iime einee extinctian began.

The predietion follews from the theoreticel postulation of g
tire-deperdent derey process in the level of the motivetion,
l.2., vhen the stirulster is turned off (extinetiem! the lewel
af motivetion deceys to sero {presumebly). At thet point,
extineticn 12 complete. The decay procesa is independant of
wmreinforeed respompding during the decey interval,

We examined mome impliestione of this theocreticnl prediction
and abtained mixed evidenee. Posterior hypothalamic electrode
placenents were used. After corntinvous reloforcament for
lever pressing, the lever wme ewtomzticrlly vemowed fror the
rat tox for a period of 22 ces, When returned, the etimploter
had been turned off, i.c., extinction was Introduced. The
mmber of responees emitited was approvimotely the came ss in a
condition wiere tha lever was pob removed from the boy and
extinetion responscs were comnted etarting 22 poee after the
shimuletor was turoed off, The theory wes confiymed-- the
number of extineticn responess after 22 =oe sines the last
otimiation wag indepsndent of whether or not the Lever mas
nresant {and-r?upnnsea ooewrred) during the 22 gec interval,
de a further test of the theory, we repoatad the condition
deseribzd above in which the lever wns removed Fram the box
for the first 22 sec of extinctinn. Mow, howarey, "froa”

stimulations were dalivered to tha rat ot o rete of she stimn-
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lation per ssecond. This cparation should rebard or prevant the
décey of ptimpletion=-induesd motivetion, and the number of
extincticn responses oerurring whan the lewver is returned to
the btox chould he grestor thon wheh "free” stdmelation iz oot
given during the 22 pec Intervel. Thet reault wes obtained.
As =2 Ffipal test of the theareticel implicntions of the drive-
decgy interpretetion of brain-stimoletion reword, we manipe-
leted the conditicns of Braining, i.e., hefure exbinetion
tetfing heten. While the reta were being traiosed to prese the
lever Tor contitusus rﬂihfbrcemﬁnt, the levsr wa= removed from
the box svery o aften for 22 sec end then retureed to the box
Ier continved atimdaeticn-redinforced respondiog. After this
type of tralnipg, extinetion teste with ond without lewer
remeve)l {os deseribed abova) wers wun., Toe neat relationships
friled to eppenr. The theory, howevor, prediests thet fhe

same relationships should have ohbalped, sinee extinetion

is postulated to be & funetion of drive decsy =nd not method
of training. We conclwded that the theory ie of limlted
genepat by,

3. Deesuse the cheining procedure vsed extensively in the
regearch reported shove woa gusceptible o baseline drift

{see Secticp O, pera Nk gbove), e became interested dn
gevicing g hatter method for ctudring the Kinde of problems

in which we were inberested., The technlgue we have explored
and feimd to he markedly suporicd to the simple chaining

procedure Involves the use of coneurrent achedulea. With
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bhis procedure, two echedules of reinforcement Ard Progrevmed
for the ret, one achedule on each lever of s twa-levep [=H
Any schedules pay be programmed, but, for thecretical and
praceicel reassna, variehle intervol schedules were ueed in
qur work, The prozresmed schedules yon independently, Under
these conditionz, rets typieoslly resromdl  or both levers and
generally obtonin the Teinforcements nealpgred 4o egol of the
two lavers within = short poriod of tiwme sfter epsipnment,
The criticel feature of the procedure vhich makes 1% ngeful,
in the analyais of hehavior is the £4ft thit the properticn
of the totsk resronses emitted on smch lever is functionally
releted to such variables as the relative frequeney of reife
forcerent on the two iprers, the amomt of reward rer reln-
forcement on each lever, eote, Hanpe, tho vrovorkion of
responses enitted on emch lever in the coneurvent schedunle
may te ptudled as & funetion of Aifferent intensities of
stimleticn, differont Ltrain duretlions, ddfferent sinc-wave

froquencies, ste. programed Loneuryettly. Since the et

Serples both exverimental conditions in a short period of

bime, prublewa of hagseline drift mre sttemated. We we longey

Abtempt 4 comparison betwesn performances separated By several

veeks, ﬁé do not omeon to imply that coneurrent gehedalipng
Frocedures mre the splution ta all 11lg—— there sre new
problens in the use of copcurrent gcheduies, but we have foond
euch prhedules to Be superior to our earlier proceduras, Some

eXperimenio employing the procedurs sre nowW deceribed, fgedn ,
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posterior hypothalemie placcmente were meplayed,

8l Varlable intervml schedulss of one min were programmed
eoneurrently. The reinforeement on ma of the cehodules
wa3a 2 fixed, stendard oumber of stimlation reinforesd
lever presses delivored on centinuous reinforcement, The
purber of stimiletion=reinforesd lever presges PEF raine
forcement on the other lever was verded over values of I,
2, 3, 9, 10, 50 and 100, The standard esgaipzt which each
of those valuee waa pitted co the flvst Jever was cne
stimulation Ip one experiment onmd 100 stirpiaticns in
another sxperimant,

In Both experiments, the proportien of regponses, i.e,,
relotive rete of veasponding on the two levete, wns greater
on the lover for which varieble interval responding wae
reinforced by e larger number of stimulstions, fs the
mumber of stimulations sporosched arrelity at eithar the
ong-gne or the 100-100 conditloms, the percentage of
respentes on each of the two levers approeched 50%. The
shages cof the funotionel welstione abteined paralleled
previougly published data on coneurvent gchedules. Om
those grounds, e wore ehcolrpzed to gl tergpd Huo-ther
applicationeg.

B) It iz poasible to deliver s fized stimuletion time to &
rat By verying the traln duraticy per stimnletion Joilntlyr
with the mumber of such etimletions Jermitted the rat.

Thus, for exemple, five seconds of stimulaticn may he
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delivered in @ single S-see tralp, it twe 2.5 see  traina,
eto., We exemined the rets preferegce for trein duretions
of 1.2, 2.4, h.B, 2,6 Bee, cach peired with a number of
120 mese traina =0 chosen that totel stimulation tims was
the seme, The sshedules programmed on the two levers

were varleble Intervel ane win schedules: the relpforcer
for one of the achedules wes the single trein of stimuletion,
end the reinforesr for the other achadule waa the mltiple
stinulatien condition, The dets examined were the pro-
portian of reeponses emitted on the two lewvers, The data
were unequivogal In polnting o & leck of preference for
cne woshod of stirnmlafion as coopared with the ether,

In order to determine whether the eoneurrent performencas
were pengitive to the experimentzl veriable, 9o tiet the
eonclusion of equel performances implisd no preference
rather than no experimental contpel or at ihsensitive
besaline, weriouws degrees of imequality were introduced,

A gingle train was fevored by reducing the mmber of 120
neee stimulatione palred with the sinmle trein, and the
miltiple stimtlationsz were fovored by reducing the durstion
of the single train., Poth tyves of manipulations resulted
in shifts in the provorticns of vesponses emitted om the
tae levers in the sxpected direptione away From couelity.,
We ponelunded, therefors, that the equalitdes previously
cblained repreeented "no preferencs," The electrods

placements were in the poeterior hypethalamis.



2} M important Feature of concwrest varisble interwal
sehedulas 1s the chehge over delsy (GOD), TF cue of the
eehedulea aesiEn® a4 reinforcement while the rat is
reapording om the other schedule, tho first respopse after
& change to the comewrrent lever will crdinardly sroduce
the msslgned reinforcement, With & LoD, heowewar, the
first response does not praduce bhe gssigned relnforpement
tut refther starts the deley timer. The rfiret rehponse Lo
eocur after the delay fimer timee out produces the zssisned
reinforccuent. The delay serves to "punish” and thereby
reduce the freguenvy of chamen over responses, 1,84,
avitehes from one lsver to the other. Exploying the
concurrent procedure vith a ghort ¢OD (2 hall to several
seconds) en interesting reletionahip has been reported io
the literature. Pigevns distribute their responsas oo tha
twn levers (or leys) in the seme properticn ms varishle
iptervel schedules essign reinfurcements, Tn okher words ,
the relative rate of responding equels the relative rete of
relpforcement. Thus, if, for exerple, the pigecn obtaine
one third ef it8 reloforcements on one of tha kere, one
third af the responzes will be emittesd on that key., A=
datated shove, the reinforcement schedules amplayred In
thoge experiments sre varigbla intervnl Sehedules; these
Achedules permit a wide rasge of reepmre retes wlth 1itctle
or no difference in reinforcement freguepcy. An fnplicotiem

of thaet oroperty of variable intervel sheedules is he Faet
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that the matching relation staied shove is not trivial:
relative reinforcement rete could take om a single
vaiur with widely divergent reloetjve respense rateg, e
feet thet relative reinforcement rote matches relative
responze rebe, in apite of the ebove considoreticna,
sugzests that the relatiom may be theorstically fmpertent.

While it ie koown thet the ©OD is important in producing
the metehing relstion, its exeet role hag not been experi-
meptally determined. Tro possibilities exist: matehiang
cccurs nrovided o 0D of sore size is proprommed:
dlternatively, matohing iz an aptifact of the tendeney
For o £0D €0 "awplify" m blas for one of the schedules,
and the degree of smplifiention s e funecticn of the size
of the GOD. The second interprotetion atates that mebching
vill oecur omly with a eriticslly chosen size of COD.

In order to exemine the two pomaible interpratations
of the rele of the C0D ir dhe metching reletion, four
rats vere Implented with slectrodes in the poaterior
kypothalamus. Tye were placed on congurrent verinblc
interval sehedules of ome pnd a helf minutes; the other tvo
were placed on e verieble interval one minute schednle
copenrrent with o warieble interval three mir =chedule,
For nll the rate, 00D was varied Trom sero to 20 seconds.
In conformity with the zecond interpretwtion of the rale
of the COD, a smooth ond appreximately lineer, rieimg

fupchinn relating QUD 4o proportion of wesponses om the
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one rinute varieble ipkerval schedule was obfeined with

the rats on the coneurrent eme minute-three miuote schedules.
"Matehing oceprred vhen the funotion paszsed through T75%

et & COD of gbout 10 ace. A o Zere ace COD, the Munetion
WBE et approximetely 508: et = 20 gec CCh, It was st
epproximetely 00%, A fomction st 508 aeross all CODs wag
obtained with the rata an the cogeurrent orie and e holf
mnute schedules, Thet resnit waz expected, slnee the

equel variable fntervel gohednies Provided no bies on which
the 00D could oparete,

4. Dr, forge Peregalruat af the Pavlovien Leboretory, the
Johre Hopkips Mnivereity Schosl of Medicine, in sonjunmetion
with Dr. Roger Melntire end the presznt writer, investipated
sore physiologiea) effects of stimzletion iy the dog, It is
known, en the basis of fr. Percz-Cructls work with rats,
that septel stimdation produccs & deceleration in hesrd
rate while hypothelamic stimlation Umually produces
accelerabion, Preeise loestion of the electrods within

the aren in guestion is eritical in determining the magnitude
and scretimes the direction of theme changes, Three dogs
were Implented: electrode plocsmwents were in the
dorzeredinl nncieua of the hypothelarus, ventremedial
tiuclaus of the lypethaleme, and the fleld of Toral. 'The
datl recorded weve heart robe, bleod pressura, nnd
respiration »ate durlng 5. min periods of gelf=stinylation

alternetad witk S-min periods in Wiich lever vressing
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produced no stimilaticn, An exteroceptive atlimulus wes
corralated with the stimulation-available condition,

All three dog~ showed tronsient hypertensive stares
durlng selfestiralation. Heprt rate inorensed in gll thres
dogs, aud to a statisticelly elonificsnt fcgtee in two doga,
fxarelae sz a faeter in the cardiovescylap changes was
eveluated by paralyeing twa dage with furapre, providing for
aprtificiel veptilation, and gtimlatiog manualiy. IUpder
those comditicne. the blood pressurs chmmeeg perelstod and
heart rate changes were reduced in magrni tude,

A paresyrpethetlc blecking ogent, atropine, did net
affect self-stimulation bebrvior: nor did it effest heart
rete cr blood pressure. #n gdrenergic blocking agent,
dibenzylens , cotmpletaly blocked the blood Prazaire cnanzed
but accetiiuated heart rete chanpes. Ancther such sgent,
dizhleroisopmterncl {DCI), else acceutusted heapt Tate
shanges doring self-stimulatien. HMelther adrenergic
bloeking sgent affected salf-stimulation rate, The
dosames used wers: atropize, 0.1 mg/ke: dibangylens, 5
me/lee: DCI, 3 ogikg.

tevera] exmeriments smploving plgoonz as experdment sl

subifects were performed, The sxperiments are relevent to

several problems in the menlyeiz of bebavior.

a; The principle invectigetor hed previously demerstrated
dietitietive changes in responee rete durine o relatively

brief stimulus preceging a change fron one vaviable

N P T Ty



-

-y
r '

1 r

sl

s mnamarhe ! =

R

interval sehedile to snother whare the two rariasble interval

schedeles are eharacterized br different frequensles of rein-

forcement. &n increace in response rebe was obtaipned durdng
thw slimulus which =ipnelled the unavoidoble trancitien
from g high frequency af reinforoement zeheduls to n lowver
fregueney of reinforcement achedule; & decregse ip recponse
rate wes obleined daring the stisulus =ignelling tha
opposite trenssition. Tihe two rote chances, therefore,

were obtained on different bassline schedules. 'fhe rate-
change finding wae replicated ir & contrel experiment
designed to obtofin both rebte changea{in opposite ddrections)
with refersnce t0 the same beseline schednle. A variable
interval schedule of twe minmutea (vhite respanse key)

alwmys preceded a trensition 0 2 rariable iaterval
zecheduls of 30 seq [green key) or 15 min {red Ter). Uhether
the 30 see or 1% min schedule wourld follow a pordioular
SXPOEUre to the two min variable intervel =ehoduls was

not predictoble until the onset of 2 diekinetive stdmutua,
twa min in duration, whiesh preceded each typs of transitdon,
Food was used g3 the reinforeer it thiz experiment. The
results indlested clesrdy o tepdency for the pigeoms to
increase responee rete on the 2 min verishle interwal
pchedirle durine the stimolus =fgnalling the traosition io
the 15 min varisble iptervwal schedule; g rote decresee was
in evidence during the stinulus sipnallipg the transition

to the 30 zec verinble interrel schedvle. Thesa results

e i e e ey £ o bl 2 e g i e et L
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vlariflied the previcus finding by denonptrating thet the
twe rate changes {(in opposite direections} did not depend
for therr occurrence on different beseline fraguencies of
reinforeement ead responee retes,. Hotdl changes were
obtained on e vardeble interval schedule of two minutcs
in the presert experinent.

b) Experirents vhich study stimulue contrel, i.e., the
Lros8ss ﬂhereby stimuli gain sornbrol over behavior,
typlcally employ envirommentsl stimell =och as sounde

gnd 1lignts—- glimull external to the organism, The conespt
of proprioceptive atimuletien eophagizes stinuli intermal
ta the organism, i.e., stimudd

vhich wesplt from $he orgenism'e own bahawior. Behaviersl
control exercised by tehevior-produced atimu%gtiﬁn %@a

explicitly studied in our lekoratory through the yee of
B novel experimental design, . Théﬂ;igean waE reguired to
peck on 2 red ker either m large or = small pumber of
timea. Completion of aither response reguircmeont
exbingnirched the red key, and it was repleeed by two
white kewe. If the larger namber of o2cke was regulred
on the red key, a zinele peck on the pright white kev
produced food (reinforcement}; B seck on the left white
ker produced nothing. The converse relation obtefasd
after tha smaller requirement on the red Ley, The

whkite key choice behavier of ihe pigems wos siuvdied as

the Jarger and emeller requirements on the red key were
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veried, Pelred requircmerts of 95-5, 75~25, 65-3%, 600,
FH=142, and S0-50 were studisd, 'The results demonstratad
eleaprdy that the pleeons cowid uso fendback skipnld from
thelr ovm red-key behavior o control the choice respoosc
en the white keys., Iurther, as the fifferonee betwesy
the two requirements was ¥educed, error freguensies

incressed, particulorly when the £0-4%0 end 58-%2 pairs

wera Introduced. Error freguencies were shout 502 with

the 50-50 palr, as expected, sinee the pigeon eonld nok
diseriminete one requirement fremr the other vhew the twn
were caual. Minally, it wes found that g delpy intyrodupced
hetwesn t'!::e: completian of the red-kay reguiremsnt apd toe
opportunity to make o sholre yerponse incressed eppoe
frequenciss, ‘fhe "memory™ foneticn vae rarisble amcng

the several birds, and the verisbility was attribited +o
the differential development of “mediating behoviars,"
l1.2., stereotyped behaviers whish filled the d8lay intervels,
The results of the experinent vere interpreted ae demon -
atrating a basic aimilarity hetwesn progrisceptive

stimulus eontrol and enteroceplive stimulus control.

el As noted above, syperiments on concurrent acheduldng
rogt often employ a 0OF., The COD, or chanee over delsy, iE
ymmetrical in that the same delay iz programncd for change
ovetr reiponace betwooh the twe lewvers In besl directicng of
chaoge. /0 expariment wes parformed in which amnnekyioal,

chabigs over delays were progranmed, i) eorbinstions
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of CODs of 1,3, 9, end 2T sec were stodled. In sdditiom,
the symeetricel pairs 0-0, and 1/3-1/3 see were studied.
Tha concurrent echedules in the context of which the £ONs
Vere programmed were varisble intervel geheduless of thres
min, The experiment is in the legt eteces of completion,
and & sopErate report wiil be submitied when the data are
apalyzed and the experiment ic written in & form suftable
for publication.

Angther pert of the pre=ent expsriment is cooeerned
with g gecond method of contrelling the frequency of the
chungs over respanas.. The firet sethod, programming =
change cver delay, was described mbove, The slternssive
method 1s to gsteblish stimglus control over the changa
orer respohse. While the plgeon is working on ome of the
twe eonenrrent variobls interval aschedoles, the ssgiromert
of & roirforcement on the gther schedule is agrompaniad by
a distinetive environmentel stimmlue, Since & shange over
reeponse 13 uewer reinforzed in the sheshce of the
enviroamental stimwlus and alveys reinforced in the
precaace of guch a stimulus, the ocourrence of the change
ovar response oottes under the contrel of the environmental
stimulus, The oubstanding ebharacleristic of the detn 1s
a marked yeduetion in the frequency of chenge over =psponses
a3 compared with the experduwental condition invelving no
etinulys correlated with the avzilability of poinfarocement

o the other member of the roopuryent schedole. These
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4 data pre vregently undorgoing mmalyels ipn detail, and they
= vill be reported vhen In B form suitable for nresentotien,

:" IV. Applicatiens

mj Thers are two genersl classes of wpplivatlon suggested by the

L, regearch performed ia our lsboratory, One set of applicatione involves

problere of = practicel natura, military osrobleme perheps representing
the moet interesting and usefal subelass, The second set of sprlicetiong
stems from basie research problems,

Practical applicodions cen be recognized by & unifyings prineiple:
L it i desired fe place a livine erganien in 2 ecertmin geceraphy which

ey be fgo dangeraus for & humAan, The fundementrl requirement of aoy

. golution to thet problem is that the ﬁehavigr st e under constent
surveillance gnd control from & position vrerohe drom the térrein in

.. .12 I I
questicn. The work reported in section TITA of this repert dederibed

r'!"ﬂ'?

o procedure which ia effective in esteblishing and neinteining remote

control gver the behavier of & dog. Burvelllance of the dog's behevior

te npo problem, provided line of sight 1= 20 sceeptcble rastriction,
2} The develomment of g surveillsnes eystem free of that restriction is
i primarily a#n electroniea problem. Foseible uses of the comtrallad
F" Aoz gre not diffieult to Fortmlate.,
. A. B dog mey be used A3 an mmmmiticon snd mesaege cerrier over
i

terrain too damgerons or, for seme other reason, insccessibie to

E marn .

BE. A dop may be ue=d pa & "guided missile" r destroying suall,

strabegic struwetures. Iy fhis cage, the dog would eerry explosive

charges which can be detonsted frow & distance br moans of =
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radio signal,

. A dog way be uzed to carrr sengiag fovieces which detect

redisticn o chemical spente in coneentratione potembially harmiul

to troops, DBy this mesns, & terrein meyr be evalusted prlar to
petunl accupency, An olegent develomment of this epplieation
would involve fthe nse of the dog'e physloleny as the senaing
ingtrument. Heart rate, hlood preasure, ete.,would be monitored
mrd telemetarcd to the heme base,

D. & dos under gsood behavioral control could serve ot oo fcout

dogm, or, in old cevelry %erms, "'ride point." A dog trained to

detect md signel the prezence of enemy troops would aerve o

ywrerant arbuah.

Segma of the shove applicetions iovelwve destruction of the animael;
gll of the epplicetions risk lose of the mniral. Ohe advantege of the
cemtrol gyatem we developed is the reletlvely swell investment in
training time necessary to prepare & dog for some of the poeesible
epplicebions. AF stuted earlicr in thils report, about 15 hours of
working time are offten enfficient to obtain g useble dogm,

Pasic reseerch applicaticna invelws the remcval of & restrictlon
often fored in behoviorel experinents, Extended ded i experlmental
cessiona mro imprasdenl in the behavicor laborotsry becense of satistion
effecte when food is wsed a9 the relpforper for the behsvior under
stufy. Gpecial tecknigques employing “eecond order schedules" have
recently extended the pormisaible scssion lengbh. Application of
sectnd ordet schadules Cor prolonged obaervotion of food-mainteined

bagelines id promising and uill come fateo use aa more s lemrned about
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the ynorica of such sshedules, Tha gdvantage of rewsrding brain stimg-
lation moy be reqlized In the uze ::;f‘ the more comen, first order
achedules, Flectrode placements which do oot yield sdapkelion or
"satietion" effects may be uged in studying the long-term effects of
drugs, rediaticn, ote. on simplae behaviors, Afditlonal bosic research

applicetions are easily dewiped 1p mery aress of bio-mediecal rasearsh,

LR
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