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26 September 1967 

Dear Dr. 

While I'm not entirely settled in as yet, and am currently 
losing a stiff fight with a heavy cold, I am in. residence! and we 
might plan anotber conversation so as to firm up our interests. 

,.,·--~ 

As you knew, I spent about three years working in the res~arch· 
area o! rewarding eiectrical stimulaHon o! the brain - the 110lds 
effect," as it has sometiroes been ealled. The work that we did 
involved both basic and applied aspects. In the labo~atory. we per­
formed a number of experiments with rats; in the open field, we 
employed dogs of several breeds. The culmination of our work was 
several publications 'that elucidated the nature of brain-stimulation 
reward. in addition to a demonstrated procedure for controlling the 
free-field behaviors of an unrestrained dog. Behavioral control was 
limited to distances of 100 to 200 yards, at most. Both kinds of 
work were described in detail in the final report for that project 
(Contra~t . . .1 which, I believe, you have in your 
possess1on. 

It lias Clear to me on the basis of our earlier talk that some 
of the liork th~~ we did was closely related to your current interests, 
although I must confess that that convers~tion was sufficiently non­
directive that I came away with no clear idea o! your precise research 
needs at the moment. Accorjingly, the following are some thoughts 
regarding what we might be able to do. 

We could establish an "under the roof" laboratoN that would be 
equipped to study the basic parameters of the control-proce~ure using 
a small animal" such as the rat. I have in mind the construction of a 
sizable enclosure. a minir.ture representation of an open terrain. 
Basic experiments can be performed in that setting, ooce the job (and 
I think that it :night tJe a difficult one) of objectifying the recording 
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of the open field beh~vior is accomplished. An interesting possibility 
would be the development of an automated control proced~re, i.e., instead 
of guiding the animal continuously by hand from point A to point B, the 
animal is guided by means of an automatic direction system. I can't . 
imagine how this system might work, howeve~. It does seem to be primarily 
an engineering task~ rather than a problem in behavioral research. 

On the other hand, you might be more i~ediately concerned ~ith more 
practical matters and wish to foreg~ problems in basic rese~rcb~ i.e., rat 
work. Work in the open field could employ a range of species; ve've used 
dogs before, but I think that the same procedures could be empl.,yec1 with 
other species. A problem arises in that electrode implantation ~ay be 
difficult if adequate atlases are unavailable. I don't know offhand the 
species for which stereotaXic atlases are available. Clearly the auto- . 
matic guidance system that I mentioned above would be useful here. Again, 
I think that ~he problem is an engineering problem. since I can already 
specify the behavioral requirements of the system, but I can't specify the 
hardware. 

There are behavioral problems that can be researchej, howeve~. If a 
small animal Js to move from point A to point B, automatically controlled or 
under constant control by a human, what problems of competing rewards do 
we face? How easily is the animal distracted and by what? If control is 
lost • how may it l:·e reestablished? 

One of the problems with workin2 with .dogs is the ~sence of a suit· 
able open field near , .· ldoes own about 75 acres in 

fand a facility, perhaps including surgery and laboratory, could 
be est~lished for the purpose. It's likely to be expEnsive, however. 

I really don't know what else to say at this point. which is why 
it's been so diffi~ult to get this letter written. If you can suggest 
specifically the kinds of problems that interest you. pe~haps I ean te 
more constructive. I'll be lo~king forward to ceeing yo~ on 10 October. 

Sincerely. _ 

·-··-.J 
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2. Title or ~eport: Remote control or behavior vi~h rewarding 

electrical sti~ulotion ot the brain. 

3. "Prindpe.l lnvest.iBator: 
1. 

II. ~9 pases • 8 ficur-es • 30 Septem't:er 1965 • ... _ .. ___________ . 

o. Supported by:·· 7 
~. Contract number: 

I 

'l'bts is a final report 1 and the re:oul. ts or our vor'k are 

s~a.rhed. 'l'he speeirlo aim or the research progreJil vas to eXtll!line 

the feasibility of co~troll1n~ the behavior or o dog, in an open 

tield, by ceans or re~otely triggered electrical stimulation or tbe 

brain. The report des~ribes such a system vhicb depends tor its 

effectiveness on tvo properties of electrical st~ulation delivered 

to certain deep lying structures of the dos brain: tbe vell-knovn 

rev~d effect, and a tendency tor auch stimulation to 1ni~1ate anJ 

~aintain lococotton in a direction vhich is acc~panied by the . 

continued delivery ot stimulation. Experiments on the par~eters 

of sti~ulation are described, in addition to an e~periment on the 

ability ot a conventional reinforeer, food, to disrupt ocsoi!'IB, tree 

field behavior under tte control ot revardins brain et1culat1on. 

Finally, supportin~ reeear~b employin~ albino rats is s~ari~ed. 
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, FINAL RFTO!l'l' 

. r. Aims 

'l'he &111\D ot our vork over the past three )"ean vne specific 

vitb respect to some research problem3 end seoeral vith respect. to 

. others. 

I 
0 f 

I 
l , 

A. SpeeU'ic 

Since 195~, it bas been knOVD that electrical atL~atioD 

ot certain deep lying atnact\ll'es in the brain could serve as an 

iustrumental'relntoreer. i.e., a~~ in the sense that an 

organism vould perform some &per.lfic behavior vhieh produced 

or vas .follt>tre<! by such stimulation. It vas lulo\lll, hrther •• 

that. tbe effect could be . obtained in several speciea ot 

laboratory animal.: rat, cat, monkey, &Uinea pig. Resea.rcla . 
vork ee~tered on determining specific loci and ststema in tbe 

brain vbich proauced revard effects upon stimulation; determi• 

n1ng interactions among systems, pe.rt.icularl.y those maintaining 

. r~arded and escape behaviors; devel~ping an tntesreted, 

conceptual account ot m~r. .fin~icgs on revar41ng electrical 

etimul~tion ot ~he brain. 

It is not d!tticult to eonceive ot eome practical applt• 

cations of reinforcing brain stiMUlation. The work un~ertaken 

in these laboratories vas concerned vith the exploration and 

development or or.e euc:h application, i.e., the eontrol ot 

open fleld bebav1or by rewarding brain 1ti~ulation triggered . 
rro~ • point remcte from the behav1cg or&anism, The ex~eri-
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=ectol ani~al choeen for tbfo .vork vas t~e dog, end that choieo 

dictated aome ot the specific problc~s investigated during tbe 

course ot our vork. 

1. A stereotaxic atlas ot the dog brnin vas ~vailnble 

. .l and an electrode plncement. providing 

~eliable revard effects upon ati~ulat1oo bad to be located. 

2. A call, portable atirrulator vb1ch could be attached t" 

a dog harness and connected to its electrodes vas ~eede4. 

The atimul~tor bad to be reliable and capable ot &~f1e1eDt 

voltage outp\lt to be usable in the race or e~ected 
impedance variation across individual does. 

3. 'l'he precise method or controll11'18 opeo field behavior 

bad to be determined. The control ot tr.ee-tield behavior 

sne_y be coneeiJtue.lized. in general. ns moving the dog from 

one arbitrary point in tbe field to any other arbitrary 

point, There ~e potenthlly & DW!Iber ot proeedur~s vbereby 

this -cq be aecompllshed, I'&J'IE;ing frOm the stimulus control 

o~ discrete ~ovements to "h~ing oo ~ beam.• 

L. Civen a~l~tlons to the above questions, the par~~eters of 
• 

the tontrol technique ahould be explored. The de~r~~ ot 

diatractab1lity ot a dog aet1vel1 under control is a 

question of 1rnportanee vith re~ard to any potential a~~li· 

cation ot the eontrol system. 

B. Ceneral 

SubaicUfU')' to the. ape.e1 fl c airDs or th'l contract. resee.rcb, 

ve und4rtook to eX?lore some geceral questions regardiDS the 
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nature ot re\le.rdirg electrical et1mulet1on or the brain, Much 

or this researcb vas perCormc4 vith the albino rat as the 

experimental subject. 

l. ~ere have been 5ugRettion& in the research literature 

that brain sti~lation as & reinforcer ~ay have properties 

41tfennt from conventional re1nt'oreera suc:b as tood and 

11ate:r. tre undertook to explore this question. \lith 

particular e1!lphe..s1$ on the ability or revarding bZ"&in 

eti~ulat1on to ma1nta1~ lo strength pertonJanc:es or an 

order ot cocplex1ty equal to those maintained by eonvent~oo­

al re1nforeers. A satisfactory solution to this problem 

ba~ relevance to the tield vcrk vitb the dog. 

·2. Expert~ents reported in the literature vhieb 4eal vitb 

co~rarisons betveen revardina brain st1wulation and the 

conventional reinfor.c:ers are, in our opinion, unsatistactor.y 

in that .the baseline pertor~ances tor the tvo reinforcers 

bave not been equated. \Te U.!'ldcrt,·ok to develop an ex1>eri-

mental procedure whic:h vould pe~t not only the e~ustion 

ot' the pertorm~ees ma1ota1ne~ ~y the tvo reir.torcer$. but 
• 

also permit an inequality eetined end controlled by the 

eY-perim@nter, 

II. Jo'acllitiea 

The several phases ot the contract vork vere housed iD a nev 
• 

J 'l'he re~earch building 

~uJlding, 3000 eqo tt. ~der the root, provi4ed oftice sraee, an 

electronics shop, roo~ tor progr~1ng equ1~ent 1 separate roOQs 

...... ,.:, .. .., :. ~ r-... . : . ..... , _ ., ~ .. -... , .... -·J~'-" ....... . ........ o:r-~.-. ... , . .._... ~ .... ......... - .. • ·J - . ...... · - ·- - - -- ·------ ·- · -- - · ·- - - -
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1'o1· experh'.ent&l nn1mel c:hM~bers, o.n1tal holdi_ng rac111ties for 

. several species, and a surser,r. H1stolo~ facilities, ~~1nta1ne~ - .. 
in another buUdinc, vere provided 

·---- --~-~ 

vere 6enerously o.vaila"ble to us. 1~sehine shop facilities vere Also 

available. 
.. ... . -- - .... ··· - .. ~1 Finally, our 111ain laboratory building \!lUI located 

.. - ~in a relatively secluded area. ------- ... · . · rn a fenced plot ot 

land one acre ln size. those accomodet1ons percitted the private 

conduct or field vork. 'l'he above taeU:• t les became available in tbe 

early BUIIlTiler or 1963. 

III. Research Activities 

'l'he research actlvaies undertalten durioa tbe ten~ ot the eontraet 

:ma;y be divided conveniently into: research directly reh.ted to tbe 

_1pee1fie goals ot the contract, and supporting research. Substantial 

portions or both research efforts have been described in detail in 

previous reports. WbeD it is necessary to refer to those aspe~ts 

of our vork 1 ve vUl do so briefly and reference· the previo\ls 

report ia ~hieh deteils may be found. 

A, Work ~elated \o Specific Coale of the Contract. . . . 

1. Elect~ode plaeement in the dog. 

The VC\rk on electrode ple.eement begen \lhen ve enterecl 

the nev research building that vas provided : . \ ., 
_j Initial electrode pl&ee~tents that 

ve ex~ined proved to be unsatiatactor,y in that lever 

pressing could not be maintained 1n a lever-press dog box. 

The aift1cult1~s encountered vere described in our re?ort 

• 
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ot 1 Jiulue.ry 196~. In addi tlon • 1 t becCLOe appo.rent. at that 

ti~e thot the electrode preparation itself offered some 

special problems v1th a doc that are Dot ordinarily faced 

vith the r~t as an experi~ental subject, Those probl~s 

vere (a) protecting the electrode from damage. and (b) 
. 

infection at the electrode site due to a failure ot the 
. < 

eurg1ce..'t vound to· heal. Tbe plastic helmet that vas -4evhe4 

· to s>rotect the electrode from c!Sllleae.,vas described in our 

~erort or 1 January 196~. A better technique that ve 

developed involves embeddin~ the electrod~ entirely vitbio : 
. . 

a mound or ~ental cement on tbe akull and runn!ng the leads 

subcutaneously to a point between the 1houlder blades of tbe 

dog vhere tbe leadS are brought to . the surface ancl &rt'ilted 

to " standard c!og harneu. The newest procedure va.s 

described in our repo~ ot 1 Jaouary 1965, ~d it continues 
----~-------,---=-----~---

to be perr~ctly satisfactory 1n terms ot durability 

(measured 1o ~ocths) ot \he electrode &G5embly and 

protection from 1nte~tton. since the ek1n 1e elosed entirely 

over the ~lectrode site. • 

The electrode plaeecents that ve have ~ployed subsequent 

to <Nr earliest attempts have been satist"actory. &nd ve have 

eo~plete eontidence 1o our ability to eurgieally produee a 

dog that vill ahov strong revard effects in & lever pressing 

box and in the tfeld. Figure 0 ahovs brain sections 

obtained trom aevere.l ot those doge. The heavy 1 4&l'k 

~kera loe~te the electrode tlpe. The medial m~llary 
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Sample h1stolo~1cal leetioQe shoving typical electrode 

placements produc~ revar4 ettecte in the dog. 
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bodies of the posterior ~othalamus -ore ~vtdent in Gections 

B and D. Placements 1o that r~gton ue Jtnoo.-n to be SJ:Iong 

the be,st in producing revard erteets in rats. In sec:Uons 

A1 1 1 and D, the electrode tlps ere in the Caopi Foreli; in 

eeetion C1 the Medial teoniscus, lateral to the Red Nucleus. 

The substantial response rates in the lever-press box 

obtained vith stimulation in the regiona just defined vas 

etated in our report ot 1 Januar,y 196~. Subsequent to that 

report, ve ~ave pertor=ea experiments in vhicb lever pressing 

could be aaintatned on sebedulee ot 1ntermitteQt revard to -

the dog. F~ed ratios ln excess ot 100 responses per revara 
were ·easily obtaloed. 

2. The portable etlraul&tor elllerg~d as a maJor problem. We 

etter:pted construction ot a &mall, remotely triggered. . 
etimulator in our ovn leborator.r-· ~oblea. ot mioia- . 

. tur1zat1on vere aooa encounterc~, &n4 tbe engineering probl~ 
· vas undertaken ~1 tbe . 1 

{Their tn~t~~ .. ~ . . .. . - . . . . ... . 
~ent vas delivered 1a October, 1963• but it never tunet1oced. 

&atistactorUy. 
A •eries ot reports 1 vrU.ten by .. . ___ _) 

,described the bistor,r 

/and ~~e perfonance o~ the ot our rel~t1onsb1p 

1~-~---1 tor lrlfor-
... - · -- 4 · · - .. - · 

&t1!11ulator. The reports vere aubmitted to the 

Illation p\l.TpOsee. ).s described in our report or 1 January 

---·--- - ··-p- - --- --
, 

r 

• 

.· 

~· . -, 
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. ' . . for the COI'!IIIIerc1 al dcvclopl'lent of the portGble 1 remote 
I • 

controlled receiver-stimulator and transmitter units • 

. a local representative ct 
- . ' 

itbe unit vas desf.gne4, coMpleted, and 

delivered tc us early in 196~. Some ~od1ttcat1oo ~o the 

b~ste inst~ent vas necessary, and subaequent to tbo&e 

Dodi!ieatio~s, the unit bas performed 1n a completely 

satisfactory manner. In te~s or tlze, it ls eas111 

attached to an ordinary doR harness; 1D teros of ve1gbt, 

there is no interference vitb the dos'• OOTQal saSt. Tb~ 

unit deliver, a 100 cps 1ine-vaYe at an adJustable voltage, ,. 

m,a.x1mum~ SOv p~ak-to-peak. 

3. Prior to tbe delivery ot the portable atU!ulator, ve 

undertook tield vork employing a "direct-line" eyste,.,._ i.e. •. 

the dog vas co~ceeted to a stimulator, located 1n the 

laboratory, by means ot a cable suspended over a smell, 

tecced enclo~ure. Our report ot l January 196~ ~eseribcd 

the research, In eummarJ, ve 4evelope4 tY~ techni~ues ~or 

the control ot ~ dog'• behavior 1n'the smell enclosure • . 
. ~e first 1nvolve4 the elicitation ot move~ents such as 

runnin~.- tW'llin((• etopping. ete. Vben produe@d in an 

· appropr1at~ se~uence, a ~og eould be ~oved from obe point 

in tbe eoelosure to another. !here are several 4isadventages 

to the Mel1eited-behav1or" ~etbod-· several electrodes, eacb 

produelns o~e ot the required movemects, are neces&&r/ in 
I 

eaeb aos. Although implantlns the aeveral electrodes ie no 
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special proble~, ene is never certain vh1ch elicited 

movements vill be obtained fro~ each or the electrodes 

until stimulation 1$ attempted. Thus 1 there ~cy not be 

a suitable combination ot Dove~eots in a particular ~oc. 

Secondly, the stimulation intensiti~a required"to pro4uce 

elicited ~ove~ents are ~elatlvely bi,h-· bigher than ve ~~ 

obtain trom our portable stl.mulator. 'J'be .econd method ot 

eontrol, also described in the 1 January 1~65 re2ort, 

involves revardin~ electrical stimulation only. ~is 

system employlf a single electrode, tbe t1pa or vhich are 

located in revarding brain areas •ueh &! shown in Fig 0, 

and relativelY lower iDtensitles or s\1mulat1on. fbe 

lnten~ltles require~ are vithln the output capabilities ot 

our stimulator. A comparison or tbe tvo methods vas 

presented ln our report ot 1 January 1965. 

Ve have DOt explored further tbe elicited control 

~ethod; ve have concentrate~ our field research ettorts 

on th~ r~ue.rd method. Tbe reault:. t.ave been entirely 

eatistactory. Our l January 1965 report ~escr1be~ tield 

eontrol vitb tbree dogs; tbe fourth do~ vas undergoing 

preli~inar,Y training. Since then. that fourth dog in 

addition to a tilth and a aixth have been trained to track 

.. 

in a tree field under the eontrol ot remotelY tr1s6ered, 

rewarding electric£! atimulation or the brain. In addition. 

aeveral par~etriq atudiet have been undertaken vitb tbose 
• 

dos• 1n order to ~xplore tbe control procese. A atriki~s 

-
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resul~ Qf our vork baa been th~ ~clat1ve ease vith vhich a 

dog may be trt.ine!S to respond in the ope~ field. 'l'be 

eeveral steps in the procedure are as toll~~s: 

a) Polloving implantation under Ne=butal anestbe~ia, 

the dog le provided vitb post-operative e~e 1n order 

to insure recover,. 

b) After recovery, the electrode plaee~ent is teste4 

for the result ot at1DUlat1on. We bave dispensed with 

testing 1D a dog box (using a lever press aa the 

behavior) .Md. ve presently test lr.l observing the tree 

behavior ot the dog to tbe amall, tene~d enclosure, 

~e direct li~e arrangement ~ploying a stimulator 1D 

the laboratory and the overhea4 connector 11 employ~4 in 

these tests. 

The ef!ect.s ot stimulation are assessed by o'bservins 

the movement& or the dog vbeo 1t1:nulated. \otith the 

~p?ropriate ~lectrode ~laeeMent, there is a clear 

.tendency tor the en11'1&l. to repeat My move=ent vhieb 11~ 

immediately rolloved by atiMUl~tion~- the vell knovn 

reinforcement or revar4 etteet. Thus, 1! the dog it 

111ovicg Jorvr!J"4 and that. behavir)r 11 accompa.n1e4 ~)' 

· stimulat1oa, the dog v111 continue to ~ove torvard. 

A second 1rn~ortant teature ot st1~latloft is the stron~ 

tendensr to Initiate lo~omotion in the direction in ~ieb 

the dog's bead 1a oriented-. In tact 1 tbh latter t'eature 
<' • 

te the key"to the procedure. Thus, it tbe dog'a head it 
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turnd to the lert vith 'res,pec:t to the rest or bill body, 

the dog vill beein ~oving to the lert upon th~ cou.eenee~ent 

ot stimulation. This t~niency pe~its aireetional control 

over the dog•e poe1t1on Sn the field. The tvo tendencies 

meot1one4, revar4 and locomotion, are ~ax~1zed by vary1na 

the intensity or the 100 eps sine-vave stimulation. The 

intensity vbleh, in the Jud~ement ot the experimenter, 

provides the best results is chosen tor a etven aog. 

c) Folloving the above determinations, the dog, e~ui~d 

v1th the po~able stimulator, is shifted to the open 

field altuatloo. Th11 phase ot the training technique ls 

difticult to 4escr1be in vords-- ita a~ ls to obtaio 

precise, directional~v controlled =ovement (i.e., ~racking) 

in the t1eld. Because ot the necessity or adJusting the 

details ot the procedure to eaeh individual dog, the 

overall technique may be poorly su,eptible to cocp:ete . 
· eutomPtion. Given that a particular dog is approp~iately 

implanted, and the intensity ot stimulation bas been to,~d 

vh1ch ~aximizes torvard locomotion aDd the revard etrect • 
• 

the preelse relationship between the dog's tine behavior 

and the.dcllYery ot etimul~tion beco~es critical. 

With 3ud!cious application of stimulation by the 

exper!l:'leote.-, movement in a pnrticular direction can be 

lcltlated vbea· the dog'e bend .is oriented in tbnt 

direction. One~ the ~ovecent ie Initiated, lt can be 

maintained b1 intermittent ttl~lation vhieh eerve& to 
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reinforce lllO'.ring in that dir~ction. It th~ expcrirscnter 

\lishes to ehanee the direction ot mov~ent at a po.rt1eula.r 

point in the field, ~ti~l&t1on 1s vithh~ld when the dog 

reeches that point. Ver,y early in training, the dog 

learne that stimulation v111 be coot1nued.only it be 

orients .~n a ne., direction. 'l'hus, ,hen stilllulatiora 1a 

tel"l'!inated 'bf the exper!JI'Ienter, the 4os =ovu lo •cal.l 

circles. Vhen the dog'• head is pointed in the appropriate 

direction, stimulation is &goin delivered end movement in 

the nev direction is initiated. 

A e1m1lar procedure is toll~ed it tbe dog veers from 

the desired direction. The expetimenter discontinues 

stimulation; the animal begins circling uotll atimulatioo 

is again delivered. He then moves torvard 1o tbe direct1oa· 

tn ,h1ch he v.s oriented at the time stimulation recom-

~need, and inte~ittent sti~ulation ia eontinued until 

the 4og veers rr~m the correct direction or until th! ~ 

·e~erimenter vishes to ebanse the direction ot locomotion. 

The indi•1duality or each ~o~ le expressed in tbe 
• 

ansvera to 'uch ~uestions as: 

t. Should eaeb stimulation deltv~red to the do~ be 

ot tixe4 duration, or does ver1able durstion provide 

better tesults't 

u. Are rapid bursu ct etil!l\.llfltion be·l;te&- iD that 

locomotion is there~y facilitated, or vill rapid . ........ . 
eti~ulation produce locomotion end then reeoilt 
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111. What. are the pnrticular behavioral sisn!J vh1eh 

indicate thnt control is beiog lost, and hov is control 

reste.blishedt 

tv. Yhat kinds or behaviors are ~ore e&31ly con-

trolled \11th a parUculu dog? For exti:D~le, v1U he 

traverse a vater puddle, tall grass. etc., or aho~4 

tbo&e se~~raphies be .efreumvented7 

" We have found that the aev~ral do~s ve hnve vo~ked 

vith are idiosyncratic ~th respect to each of the . 
questions that mu~t be ansvered. Once anGvers are 

obtained. bovev.l!'r • . field control becomes a relatively 

easy matter. · 1t vould be diftieult to overe~~hasi%e 
. . 

~he 1mnortanee ot a bebaviorallv sophis~leated £rod 

eocoetent person handling the do~ durins the ear~ 

training and eveo c:'hu-ing the final perronnanee ot 

controlled field behavior. Geoeral principles 

~efining such sophist!catioJ; cannot be liven- among 

research people. the phrase nteel to~ ~ehavior" •~ari~es 

the requirement. . . . .Jvho bas bt:en vith tbe 

~r1nciple investigator since tbe start ot the v~rk, bas 

c~pnbly .ldentltled a numb2r or the ~roblems involve! iu 

the develop~ent ot the proeedure acd bas solved ~any ot 

th~ b1rcselt, 

While tbe above considerations atrongly suggest that 

an automated procedUTe tor trait: ~.,S dogs to track ln the 

open t1el4 t• not promiefng, it ~t ~e emphasi,ed thGt 
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ve have not explored the possi~il!ty ot hll-~ our vork 

~os been concerned vi th the devcloprueot or !.2!!:!. proce~ure 

· tor obtainihg .reznote ~"ntrol and an evo.l.uo.tion ot its 

feasibility. It is conceivable, and even like~, that 

a common den~minator across doss can be esia~lished and 

a procedure ~eveloped vbich ~11 provide tor the automate4 

training or the scout dO!!. 

d)· Vhen the exper1r.enter 1s r~lliar dtb tbe icUo-

syDcrasies or a particular dog, about one veek'• vork 1 

an hour to t.,o hours per day, h auttidcnt t .o tralo the 

dog to track in the open field. 

Two types or practice arrang~ents have ~eeo ~ployed 

t · iD our vork: 

i. Oeneral, open field patterns, vith the precise 

patterD to _be run predete~ined by the experlm~nter. 

11. Patterns defined by a catrix or lS stekes iD 

the ground, 3 x S , each sta.ke speced 2t. feet t'rorr. 

another. This arrantemcnt pemittecS runnil'\6 

standard patterns tor purposes ot collecting 
• 

~uant1tat1ve data. 

k. Figure l eh~s tbe stimulation equipment ve employ in 

our tie:~d work. '!'he units are those 111enutac:tured 
) 
1 Fisure 1A shova tbe tran&l!lltter. 'l'he 
l 

. . unit ·=e&surea about l2 x 6 x ta 1nc:hee an4 h easily portable • 

The model abovn, bovever. does need a pover outlet; eo~plete . 
portability eould be achieved by 1ncorporat1n~ & batter.y 
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Figure 1 

The transmitter (Fig lA) end reee1ver-et1mul~tor units 

(F~6s lB aod 19). The latter are shown iD plaee oo the 

b r•.e'ks ot experbental 4oge. 

• 

. .. , ~· .... •• , ·· - · . "" • · - -· ~ ,...- :...: 1; ": · · "" · •• ... 
- ....... , , . .... , . • . • ... 



C0002l82~5~ .......... ------------------

• 

. . .. 
! ' .. 
L.:. ·"' .;,.. .. ·'· .• -.;.~ .•.. 

l 

• 

. ..-- :~· --· -.., ··-·-

A 
~ 

lro> 
(Q) 

c 

.. 



-- - ---------·------------------------·-----~~-C00021825 

• 

,.~ .. "' ~ .. -.. ~· ··~ . . "' • ... . ,. . • or• 

·. 

I 
f. 
• r , 

, 
·: 

, 

.. 16 -

pover supplY. Figures 18 and lC shov ~he receiver-stimulator 

etrapped to the backa or tvo do~s. fhc unit ~edsures about 

7 x ) 1/2 x l inc:lles and volt;bs • including leads 
1 

eocnectors 

end small antennae, abcmt one pound. AlthoU(:h 'tome :1111nor 

problens bQve arisen from time to tloe in the U$e ot the 

transmitter and reeeiver-sti~~lator syst~, its performance 

has been, on tbe ~hole, ~uite satisfactory. 

S. Figures 2 to 5 abov the results or tbe field control 
( 

procedure. ~ach or those figures consists ot several plat~a· 

~th aeveral 35 ma. photographs per plate. The first 

photograph in each ot those figures shovs the open field 

pattern through vhfeb tbe dog ~· to be su1ded, Alongside that 

photograph, ~4 each or the others 1~ the tiaure, the •~e 
. 

pa~tern is reproduced. !be arrovs on the pattern indicate 

the direction or move!llent ot the dog throU&h the pattern. In 

addition, note that a round marker appear:; alonsside the 

pat tern edJ acent to eaeb photograph • except the first~ 1D the 

figure, fhe dot indicates the Rener&l position ot the dog at 
• the tl~e that pbotograph in tbe series vas taken. Tor purposea 

ot e~~l~(fln~ !9~1tl9n gf th~ doa. 1 1 black m[fk@f VAl affiX@4 

to each photograph. The dog Is shovn i~ediately belov tbe 

marker, &,y folloving the progression of dots alongside the 

patterns adJac~nt to tbe photosraphs and relatln~ tb4t 

progression to the poe1ttona ot the dog lD the aequence ot 

pbotosrapha 1 aa apprecf.attoo ot the action may be ealned. ~e 

three figures. 2 throUBb S, ebov several pottcna •. ~\•o dogs 



C0 0021825 

i 

.. 17-

Figure 2 
; 

A sequenee or photograph& •bowing the control or opeo 

tield behavior vitb a dog. 

(See .text tor explanatioo or tbe eever&l Darker• in eaeh 

pbotogr a ph.) 

, . 

• 
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Figure 3 

A se~uence of photographs ahowtng a second tiel4 patterD 

being run by an exper!ment&l dog. 

(See text for explanat1oo ot tbe several markers in each · 

photograph.) 
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Fisure Ia 

Still another pattero. 

{_See text tor expbne.tion ot tbe several markers 1n each 

photograph, )· 
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Fisure S 

A fourth pattern. 

{See text tor explc.oat1on ot tbe several markert 1n eacb 

photograph,) 
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vere employed ln running the Devcral 8equeneca. The pattern& 

vere arb1trar1~ ehoseo, but dellberQtely kept timple in 

order to raeilttate pr~sentat1on in the' present fo~et. 

Vnpbotocraphed eequ~cces vere more complicated; the desree 

. ot behavioral control vas much as abo~o-n in the silllpler 

eequeneee. It h de'ar from the 4ah pre~ ·nted that -the 

experimenter bee excellent eontrol over the behavior ot the 

~restricted aogs. 

6. Ex!!J!Iinattor. ot Figs 2 through ~ ahovs an eft'e~t that vaa 

. found to oeeur S.n all ot our does vbile being guiaed through 

t · • field pattern under tbe control ot revarding brain stimu­

lation. That effect la se~n cost clearly ln several of the 

I 
f 
I 
\. 

·{ 

photographs vbere the 4og vaa elo;e to the camera-- •~e. t~: 

example, tbe middle photograph in Fig ~~2. tbe bottom tvo 

photographs 1n Fig ~l • the ~1ddle pbotosrapb 1n Fig 4-1, 
. . 

· an4 tbe bottorD photograph in Fis Ia-~. In each ease • and for 

. both dos.s. the animal sniffs along the sroun4 vhile f:ollo-;-icg 

the p6tb selected by the experimenter-- it seems as tbou~b 

the animal 18 toUCI'Iins the path ot an olfactory cue. It. is . 
entirely poss1~le 1 bowever speculative, that that Is precisely 

~bat 1e bappenlmg1 vith the et~ulation producing a eentral 

process like tbat produced by an olfactor,y sti~lus ~hich 

serves as a revard a.nd evokes "tollo-,lns" or traeking 

bebavio,·. While ve cannot confirm or icrf.rm that 

lnterpretatl~ ot the behavior, ve ean ask the ~uestion 
. . . 

vbether or not & 4os can be trcined to track a petteru vith 
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his head beld hieh. 

In order to ex~1ne the possibility, Another 4oG vas 

implanted and trained to tra~k according to the procedures 

4eser1bed above. In this instance, bovever, rcwardins brain . 
ati~ulat1on vas delive~ed so as not only to 1nit1~te and 

IIIC1.1nta1n locomotion but also ~U'fcrentiallJ! in order to 

rd~!'orce (tbe revard ettect ot brain eticulaUon) bead 

position, Tbe dog Vas given about tVO ~eekS Of &UC~ traiaing 

end his tracking pertomence in the open tleld va.s round to be 

much like ttat shovn tor tbe other dogs 1D Figs 2 throUGh s. 
Thh dojJ, bcvever, progressed throusb a paitern vitb a 

distinctly different bead position. Figure 6 consists or 
three photographs taken durinG a tracking session. Note the 

position or the dog's bead lo the upper tuo photographs- in 

both, tbe head points stra1ght torvard rather than down at 

tbe gro~~d. ~e ceoter photograph gives only a suggestion 

or the exesgerated h!gh bead positioo that vas seen on oeeasioo 

with thle dog. The botto= photoaraph shows a reversion to a 

partial h~ad-dovn pos1t1on. Wblle the levered heaa occurred, 
• 

tt did so relatively iofrequently, and the high head postiioo 

could be quickly reestablished by mo~ntarily ~thholding 

revarding et1mulatlon. It may be .concluded, therefore, tbat 

the bead doun, en1tt1ns behavior is not • oeceesL-y concowi• 

tant oi open ~ield behavior ~ontrol vith rewarding electricei 

etimulatioo of .the brain. Ve co.nnot state, hovever• tl'u~t it 

il irrelevant·- tbe present experioent may have involved the 

. . -.. .... -... - ~ .. " .... " 
~~-~.., ... ~. '.~!~':ir-~~-~~·r: ··-· . . 
: ,;..,.;•~1-·s.,.~~·~:.t.··~- .· ;·, .. •. 
)~·~~::..:~~..:.:~fJ.·£;:.1.·;~~-· !,.~:~;..;:· . ~~~;:.;~~~·_..;....,.. ..:.·~..;..·'-'-. ~-.:.__>~_~:_' ~-··. _ · --.!...---------- -- ···-----··---- ------- -. 

- ... .. -
. .. ..,. .. , . 
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Figure 6 

Photographs ehOIIing tbe results ot an experiment in vhteb 

a 4og vas trained to traverse a controlled pattero vith 

bead belcS high • 

• 

<:. 

.. : .. ~ ....•. 
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auppressioa or an 1~ort~t t~ough not necesearJ ~oncomitcnt. 

T· The above vork 1 which examined behavioral control thro~h 

arbitrar,y patterns in the open field, vas not easily su,eept1ble 

to quantltieation. ln order to obtoln quontitntiv~ ~nta vith 

respect to aome ot the el~mentary parameters of eti~ulntioa, 

8UCb a& 'the duration &.:ld intend ~y Cf each train ot Stil'llu .. 

lation 4elivered to the aos durinG the course of a pattera 1 

& =atrix ot •takes vas placed in tho field. The catrix 

eondsted or tive rowe ot three stakes iD each rov. '1\lenty-

tour feet separated adJacent etakes ln the rov& and eolumcs. 

A atanderd pattenJ and itt lllirror image could be J"\m troo 

day to day a.nd quat~titative data in terms or elapsed tilDe 

trcm stake tQ atake c:ouid be taken. Elapsea time vas ttudied 

&S a function Of train duration atlcl inteDS1ty Of ~tiCNlation., . 
Vithin a rense ot intensities ~d durations produeins no 

behavioral eoctrol at the lov end end elearly disrupted 

performance at the high end. relatively smGll differences in 

tf.rae ll'!easurn ver·e obt.ained as a function cr intensity and 

duration. A senernl conclusion stemrdng froQ these experi­

ments h: 1ntena1t1es a.nd durations markedl,y lover than the 

optlmua produced increases Sn the times taken to treverse a 

pattern. ~eae time eeores 1 b~~ever, ~ere frequently 

me~lnslesa in the sense that control over the dog'• behavior 

bad be~n loat and the perro~anee eompletely disrupted • 

Intensities and 4ur~t1ons vithtn the optimum r~~e produced 

lt&ble pertc:·rmance measures trolll cSey to day. ru shor-ter 
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duration::~ (nbout 200 Jt:scc) nnd rrodcr:lte to hi~h !ntcn:.iUe~ 

taster runnina tices at those intensities and 4urGt1on~. 

tocrenses in intensity· and dure.t1on beyond optimum values 

produced lon~er runn ina times due to a variety or ettect1 1 

1nclu41n~ :recoil •.. 

Altho~b the ~ehavior •equenee• abovu in Pia$ 2 through 

5 did oot emplo;r the eta.ke patten1s Just 4ucribed 1 tbe 1takes 

~ ~e seen io the pbotosrapha. 

8. Oce ot the interesting ~uestlons regQrding the eo~trol ot 

field behavior !o doss by means or brain at1mulat1on :reva:d 

eoneerns tbe erteets ot eompetlng re1nrorcere. the questloD • 

· ·ve entertdced irJ a ':reeect exper1~:eDt vas: it a dos :ls Wlder 

the control ot brain atimulatioo revard and is running a con-

trolled pe.tteru ia the field, bov likely h it tbat be vill 

le&ve the p6ttern vheo given the opportunity to obtain a 

different :re1nforeer7 

Tvo implanted doss vere ~eprived or rood and alovl1 reduced 

to 60% ot their tree feeding veights. They vere tben megazi~e 
• 

trained, ~.e. 1 a large metal box v1th feeder attached vas . 
located Sn the field (see Fis 1). !hrough eontrol eircuitr,y 

located in the laborato~ and a tvitch in the band or the 

experimenter, the dogs vere trained to run into the bo~ at 

the so~d ot a tone (the apeekers can be seen in the center 

photogn~h ot .Fis 7 .. 2) in order to obtain tood. tlo braiD 
' 

etimulatioo va. delivered durins these training eess1ons, and 
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Figure 1 

~esponse to th& tone ln an experiment designed to investigate 

eO!tlpeti t1oD betveeD too4 revueS and brain stimulation, v1 t.h 

the latter &erTiDS to control tree-t1el4 behavior • 
• 

.. 
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care vas taken never to present the tone (ana. benee. re-.1o.rd 

the i~diately preceedlng behavior) so th3t the doc learned~ 

to "oquat" near tbe box. ·Rather, the dogs learned to ro~ 
<' 

tbe tield ·freely lllld to run to the box only and vhen e'ler the 

tone sounded. 

1rnen the tood ~a1ntained behavior vaa under go~d stimYlua 

control 1 i.e,, rapid approach to the box at the aound ot the 

tone, sess1o~s vere run to vhich no tone presentatione VCTe 

used. 'l'he de~• vere tnined to 1"\U\ a rectangu~ar pattern tor 

brain etililulation during these sessions. The tood box vas 

loeated immediately outside the rectao8le 1 at the c~ater ot a 

long eide. The dimensions ot the rectanele vere ~8 x 2~ teet •• 

Rote that the3e dimensions consist ot ai~ 2~-toot legs aa 

defined by tbe ground stel<ea 4ese2"1bed earlier, vit'b one leg . 
at each end or the. rectangle and tvo legs c~prising eaeb 

tide. 'When the performance tor atiMUlation vas stable 1 

eompet1tlon eeesions Yere ruD as tc1l~: 

Tvo experimenters Yorked toaether; one 6ui4ed the do~ 

· through the rec!angul&r pattern empl~yin~ brain st1m~lation 1 • 
~hile the other operate4 the tone-feeder eontrol. !he points 

1n the pattern at vhieb the ~robeg oeeurrea vere dete~1ned 

by t~e second experimenter and vere unknown to the first-- a 

\lind proeedur~. 

G) Ueing tbis technique, probes vere appli~d, 1,e. 1 the 

tone tui-nd. on. durins oae les of tl:ae pattern t.ll~ durin& I..' 

alttereD~ leg ror eaeb e!reutt ot the rectanalc. On another 
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doy, the probe toneo were kept on tor two consecutive legs 

or the pattern. 

b) 'I'he above procedure vas repeated, but the intensity 

ot atim~ation used to control the behavior ot the do~• 

vas varied from optimum (2500 microamperes tor one dog 

and 900 ~eroBmperes tor the other) to several values 

'bel CV OJ; tiiiiUlllo 

The results obtained on the competition tests vere 

atrikinaly orderly and allcwed general conclusions vbieb 

applied io the tv~ dogs. First, hovever, note the exper!Qental 

&rrQnge"I'lent :!Q fig T. 'the photosrapbs vere taken at tbe 

termination ot training to enter the box for tood 1 1.e. 1 

.'before tbe 'braiD atlmulatioo eescions vere rw~. 'l"!le t'oo4 box 

can 'be seen in each ot the photographs A through F. Photographs . 
A through £ shov ·a lingle eequence. In photograph A, the dog 

(note the dark marker indicating the position ot tbe dog) is 

tacing avr.;y trom the tood box, and that phot.<"lr&Pb vas taken 

'before the tone vas turned on. The tone had Just beea turned 

on vheo photograph B Y\S taken; the dog 11 on b!s vay to the • 
box. In photograph D be is ·enterin~ the box, and !1 leaving 

tt, bav1ng c~nsumed the rood, in photogre~b E. Photograph P 

1bova the second dog entering th~ ~ox during a tone trial. 

The general eonelusiona result1n6 tl-oro this expP.r:=ent vere: 

a) At ~ptimum levels ot stimulation tntensity 1 vhere 

excellent control ot the tield behavior vas obtained, . 
~either dos entere4 the food box eveo once when the tone 
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vas nresentcd tor either one or tvo l~s ot the pattern. 

The ccntrol exercised by brain siimulation vas sufficient 

to cocpete successfully vith a food reinforcer 100% ot 

the Ume. 

\) At the lowest 1ntens1tles employea;2000 =1cro~peres 

and ~00 ~1cr~4mpere3 tor tbo tvo 4o~s, control bv stimu-

lation vas virtuallY nonexistent. loth do~s enterea the 

food box on 100% or the tone nres~ntations. A~ the l~~est 

intensities, therefore. food provided maximum coopetition. 

c) At" intermediate intensities ot stimulation •. cleut; 

intermed~ate ettects vere obtained. Whether or Dot the 

tood eo~peted euccesstull1 depended oa aeveral other 

tactors. 

1. It the 4og vas tae1ng tbe tood box vhen tbe ~tone 

C:Me oD • be vas 111ore lilt ely to enter than it he vas 

tacin~ aver from the tood box. 

11. It tbe dog had 1~ed1ate1Y. before been run UPder 

higher intens1t1ee of et1~at1on, be vas less likel~ 

· to e~ter the tood box then it the s~e inte~ediate . 
intensity vas tested tollovin~ a lover intensity test, 

111. The de~ree to ~hich eaeh of the relnrorcer3 

e~~trolled the behavior vtth inter~ediate intensities 

~r stimulation depended on · the level or the 1nte::-r.edit.te 

Jntensity, Food eootr~l Y&S veaker at higher inter­

mediate 1nteue1tles and stronger at lover inteMQediate . 
btensltlee. 

• 

. .. ~.:. 
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In ,eunm~, then, brQin stiaulation eccrced as a 

povcrful ce~s ot behavioral control. Under opti~ 

conditioos, a 1trong reinforcer like rood could cot 

compete. U~der les~ thBn optimum conditions, food vas 

able to coro~ete to a degree inversely related to the 

inteneity or stimulation used to control tbe aog'5 behavior. 

J. Sumt~~ary and Conclusions 

The results or our vo~k on dogs involving the cootrol of open 

t1eld behavior employing remotely triegered electrical et~=ulation 

~t the braio ha?e demonstrated the teas1b1lity ot such control 

techniques. Control or the behavior 1s positive end can be 

IU.int~ned over relatively long periods ot time. Training a 4og 

to pertor.:s in the opeo field under tbe control ot rewudi:lg 

electrical ltl~ulatioo ot.tbe brain can be aeeo~lisbed 1~ a short 

period or title- about 15 hours ot work per dog h a fa.irl,y typical 

nlue. .Advanteges ot the ayst!lll ve developed are : 

1. Behavioral control ia obtained at lotensities ot ati=u4 

lat!oo ~b!cb pe~1t portable stimulators ot moderate si~e 

and ~ight. Highlr specialized mini atur1ta~ion is Dot necessar,y, 
• 

although such tecbDi~ues might reduce even fUrther the size 

end weight ot the unit, 

2. Tbe use of • tingle electrode provides tor a relativel1 

simple surgical preparation. 

3. 'l'be system h •quiet," i.e., environDient&l stimuli such as 

tonea and ellckera are unnee~ssary, Sticulus control over the 

behavior f.e exercised by the bra.in atlmulatlon \lhich serves 

. ~ ,._. .. · ~ . ...._ .. . ur;~ - ~_.· · · - · ...... -.r.~~~~~ 
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~eo to ~~vnrd precise mov~cnts and _ initint~ locomotion. 

•· It has oot been neceGsnrf to ~Qplo.y nvcrsivc electrode 

plQcements, i.e., plnccmcnts ot which sti~ulntion is punish1nc. 

Disadvuntf~es or tho systeM OS developed are: 

1. While the electrode prep~rat1on hns been SQtisfnctor,y tor 

resenrch purpc-seJ, it h unlikely tbt~t it vould eerve aver 

o,ery long periods of time, Better cnchorfng and surcice.l 

_ procedur~s vould be necessnr,y. 

2. 'l'he system is restricted to line ot sight. It is 

Decess:u")" tor the experimenter to observe dosely the 

or1entntion ot the anirual end, "S't..rtic:ulnrly, bh tine 

111ovementa, While opticnl systems could extend the rMge or 

euch observntions, o,isual obstneles 1ucb ns trees, hills. 

·rolinee, ete.,e~ot be surmounted. Electronic deviees 

providing out ot light lllon1tor1ng might extend the range ot . 
the system. 

3. Individuality among dogs is sucb na to auggest tbet 

automated trnintng procedures m1£ht not be a ei~ple ~atter 

to develop, but 1t 11 vortb en ctte~pt. 

~, 6upport1ng reaenr'~:b 

~eecnrch vhlch eupported our prim~ aims v~~ performed ~urins 

all phns es or the progra%!1. Ini t hlly, and pnrticulo.rl.y during the 

time before eomplettoa ot the ncv resenrch lnborctory 1 ve ~oncen• 

trnted our actlvitiee on research ot the level of the rat, Witb 

lnerenslns eoph1at1~~t1on, ond the aolutioos to ~roble~s such Re 

electro~e plnce~ent tn the ~og and the development of th~fCTt~ble 

.-
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recciver-at!nul~tor unit, increaeinely more attention vas toeuccd 

·on 4os research. The significant results or \he letter efforts · 

~re s~arized cbove; this section or the report ~arizes the 

research •ubsidie.ry to the ctoe; vorlt. Since SIIUch ot the $u;-po~ins 

researeh bas been SW'Iilltu"1ze4 in previous reports from \his 

laboratory, our description or the experiocntE vill be relatively 

eocc:1se • 

~e experiments to be reported belov involved the use ot 

aeveral sche~ules or ~einforcement. A schedule ot reinforcement 

~BY be defined as a rule vh1cb relates in an explicit ~ancer tbe ' 

occUl'rence ot a reinforcer and the behavior ot an o~gMisa. In 

laboratory pr.~.ctiee, these rules are interpreted toto relay logic:, 

and electrical eircuitt cons1et1ng ot rel~s, stepping svitcbes. 

ticere, etc. are eocetructed. Ybile knovledge ot the electrical 

circuit ~ployed ID each experiment 1s unnecessary 1 a &tatec~t 

ot the behavior-reinforcement rule, or 5chedule, is necessa.~. 

Eacb sche~ule that ve employed 1& identified io the app~opriate 

place. In &CIIIe instanc~s, "reminder" definitions have been 
• 

included. For purpQ&eG or completeness, h~tever, a list ot the 

reinforcement sch~dule1 ve employed vill nov be presented, and 

reference to this list ~ay, depcndiD~ on the render's background, 

aid in reading vhat 11 to follow. 

Reeponae or behaviors ~ overt 1 observable ~ovel:lent or the 

organism. An Snst~ental respooee . ia a akelet4l muscle move=ent 

that aenes to ct.I!J\ee the organtsm•a environment in eo:~e 1c1enti-
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' r1&ble vay. In the laboratory, a cvitch ~peration 'b; I:ICM:S or a 

lever press c~at) or a key 'eck (pig~on) have been ~ost orten used. 

~ein roreenent: .Arl 1netrW!lental rei nroreer 1a a aticulus chc.nge 

which increases tbe probability or frequency or'a behavior vhich 

closely precedes 1t. The occu.rrence ot' such a stimulus cha.nee h a 

reinfort::ement. A posi Uve re1Dforeer h aynooym~a Vi th thl! 

colloquial "revar4," IJ'here is no colloquial equivalent for a 

oesat1ve reinforcer, but the latter are stimulus ebanges vhicb 

punish, ~enerate eseape.and ~otivatP, avoldanc~. 

Schedule or Reinforcement: A rulo relati~ tbe oeeurreDee or 

re1n!orc1r.g atimulus chansea to behavior • 

. ~o Schedule: A schedule ot reinrorc~ent in vhich tbe 

oecur~enee ot a reinforcer 1& ~a~e dependent on the occurrence 

ot a n~ber ~ ~ or responses. 

1. .rllii ratio: tt1e reinforcer h cSependent on t.he occurrence 

of N responses, and tbe site ot N does not change fro~ rein-
0 • 

forcement to reinforcement. 

2· ~tinuous reintorcementa A fix~d rAtio aehc<!ule in vhieh :r 
equals~ response. ~us. eaeh occurrence ot tbe eriterioo 

respo~se is reinforced. All other eche4ules are intcrr..ittent 

reinforcement aehedules, 

3· Pro~resslve ratio: A ratio schedule in vhieh tbe size ot N 

tccreasea (to a ayat~atic fashion) throuGhou~ an exper1cental 

lea&iOno 'fhe e·he Of the {l'lithJ. tf t the f'TOC'ressiou COn$h.nt 
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(i.e., the increment ton) and the n~ber or reinforcements 

pe.J"tlit.ted at each value ot 11 9 define the schedule. In the 

experiment reported belov vhich ~ploye~ a pro~res&ive ratio: 

tnltial n-- OD~ response. 

Progression constant-- three reGponses. 

N~ber ot ~eintoreements-- tive at each vr~ue ot N. 

Interval Schedule: A schedule ot rei~torcement ift ~hieh the 

assignment or the availability ot a relntoreeeent depends on the 

tlme elnosed &1nce the preceding reinforcement. lote. bovever 9 

that a response is require4 to deliver tbe reinforcement once 

e.ssigned blf the echedule, 

1. rr~ed icterval: 'l'he elapsed tll!le tor the assigo=eot ot 

reinforcements is constant from reintorceoent to rein-

forcement. 

2. !!,r~ f.nter1al: 'l'he elapsed time ve.rtes trom reil'lforcemeot 

to relnforcemeot in an unsystematic tsshioo. The setedule is 

1dentlt'ied by the !!!!!, ( arithtletie) or all the intervals 

progr8lD!IIe4. 'i'he distrilJut1on or intervals should also be 

. 

epeci!ie~; ar1thmetie distributions vere employed below. 

and the largest interval in· the progrm vas alvays tviee 

the mee..a of all the intervale. The shortest. interval ve.s 

alvaya several teeonds • 

Differential Reinforcement or ~,~ate (D~L): A schedule designed 

to generate a "lov" rate of respooding. A mioi~ interval ot 

time must elapse (the D~L interval) betveen •uecessive responses 

. .. 
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tor a ~esponse to be reinforced, "Eorlt• responseo start the 

interval anev, and in each instance of an early response, the 

accumulated elaps~a ti~e is lost, 

Extinction: After a behavior bas been reinforced accor~ins to 

a schedule, vithdrave.l or the opportunity tor reinforcel!leot of 

the Crite:-100 behavior 4efineS extioctiCIDo 

Chain Schedule: A compound schedule in vbieh more than ooe 

requirement DU&t be met ~ succession ror a reintorc~ent to 

oeeur, A subseq~ent require=ent is oot initiated until the 

prior requirement bas been eathtied, 'l'be aituation Ss arranaed 

to that & distinct enYironmental condition (stimulus) is 

associated with each require~ent in the $equenee. Tbe 

occurrence ot reintorcecect reinstates the initial req~irement. 
·, 

~ultiple Schedule; A compound schedule in vbich more than one 

aimple schedule it prosr~~ed, each leadin~ to reinroreer.eot. and 

eacb co~ponent 1• correlated vith a distinct environmer.tal 

eooditioo (stioulus). Several iostences ot each si~pler sehedul~ 
• 

~ay occur in succeasioo; tbe aimpler schedules ~~ c~anee 

ayste~at1call1 o~ unsystematically vith regar4 to sequence. 

Concurrent Schedule: A COQpoun4 schedule in vh1ch tvo or more 

simpler achedule9 are in effect simultaneously. \~ere a different 

response ia requlrea tor each schedule, as on differeQt levers, 

the ani:ul ~ay cban(te freely among the several ec:hedules, Rein-

torcements are assisce4 by each schedule aecordi~ to the rules 

4et1olng each acbedule. 
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1. AD enrly experiment stu~1e~ the performances or ~hree rats oo 

fixed T4t1o schedules of reinforcement. On some days, the be~avior 

vas revarded with brain stimulation delivered to the posterior 

hypothalamus and o~ other ~ays in the eonventi~ncl fashion vitb 

food pellets. Only one type ot revnrd vas used on a give~ 4~. 

Our results demonstrated (in all three rata) ,.at perforcance 

vith brain •ti~ation as the reinforcer vas clearly inferior to 

pertorroances maintained by tood pellet•• In seneral, pauses iD 

responding after reinforcement, a typical fcatU¥e ot fixed ratio 

performance, vere couider4bly lengthened vitb b_rai~-stimulatioo. 

revard. Increases in the intensity end the c1\U'at1on of the train 

of 1ti~ulatlon served to temporarilY "i~prove" performance. ln a 

chronic extlncltoo test 1n vh1cb one hour of extinction vas 

preceded by 20 reintorcementa on fixed ratio 10, more re~onses 

vere emitted vhen tbe 20 reintorce~entl ot the dailY test session 

vere tood pellP.ts as compared v1th a session in vhieb the 20 rein­

torcementt vere brain stimulation. 

2. Our attention turned to devising a ~ethod for a~intaSning more 

behavior v1th brain st1mulaeton revar4 than ve vere able to 

maintain in the first expericent described above. fVo e~p~riments 

vere performed. tn both• a sched~le ot inte~ittent reinforc~ent 

vas programmed on one lever ot a tvo-lever rat box. ~e consequence 

of responding on ~hat lever v~s the insertion into the box ot 

another. retractable lever. BraiD stimulation (posterior 

hypothalfUINa) 1 one ttain per lever press, vas prosrM~Ded oo the 

second lever aod a tixed number or etimulations (continuous 
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reinforcement) YQ3 perm1tte~. Upon completion or thet nucbcr or 
stimulations, the lever rctr$cte4 tro~ the box and the rat could 

rep?oduce it onlY by vorkfos on the other, schedule lever. 

In the first e~erimcnt 1 a procressivc ret1~vas progra=med 

on th·e t1xe4 • eche~ule lever; in the second experiment • a variable 

interval echedule or 30 seconds. Both ex~er1ments gava evidence 

· ~t better schedule performance, a·higher maximum ratio in the 

progressive rat!~ experiment and a higher response rate on tbe 

•ar1able interval achedule ot the second experiment, vitb ir.ereases 

in the number ot stimulations peTQ!tted on the retractable lev,r, 

3: Basd on the data Just reported. ve undertook a 6Cneral e.nd 

ta1rly extensive experiment in order to tetermine the ~eneral 

characterht.Ses ot schedules ot intertclt.tent relnforc:eL"Ient 

e~loy1ng tbe tvo-lever, multiple-stimulation procedure described 

above. Septal and posterior hypothala.aic placements vere used. 

Specifically, we vere interested in determining vhether or not 

~e could ~aintain .ehedule performances in the s~e r~~se or 

parameter ~aluea as ordinarily used vith rood as a reinforcer. 

~e reinforcer in tbese experiments, hovever, ~as 20 t~ 100 

stimulation-reinforced presses on the retracteble lever. ~e 

scbel1ules studie-d vere progrOJIII:Ded on t.he Nxed, nonretractable 

lever aod vere: fixed ratio, tixed interval, variable interval, 

41tterent1al reinforce~ent ot lov rates •• In all eases, the 

perfo~ances on ~he fixed lever epproxl~ated those typ1cnlly 

obtaine~ vi th intermi tteDt scb edules of to~ reinforce:'llent • 

Trans1t1ona trort. oae schedule to another vere also t;ypi:al. An 

·-~ :;·~~~-::< · ~~:: :~jJ!~~-· ~;~. ~_: ._ ..... ;~ 
. ·. ---· : ·,· . 
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SJnplicatioo 'or this vork vas·: it should be pos!Jlble to ll'.aintun 

complex performances vitb our does in the field, 'l'he critical 

Yoriable in sener~ting performances ~sing br~in-sti=ulation 

reinforcement ~as not the n~ture or brain stimulation as a rei~-

torcer, but rather the precise vay in vhich it ia ~sed. Specifi­

cally. the present experiment demonstreted tba• it a brain-st1mu· 

latioo re1ntor~ement ia defined as several re~.~nse-produeed • 
• 

trains ot stimulation rather than a tinele train as is typically 

the case, substantial behavioral output end chare.cterisUc 

lche~ule perfo~er.ces could be obtained. · Septal plaeecents 1 

however, ~ere inferior to ~YPothal~ic. 

~. The procedures Just described may be classified as Chain .. 
schedules ot reinforcement, i.e. 1 one performance bas as its 

consequence the opportunity to engage io another perton::e.nce 

vhich leads to reinforcement. Employing a variable interval 

sebedule oa the t!~ed lever (initial member or tbe chain) and 

manipulating the parameters or train-stimulation revard on tbe 

retractable lever (terminal ~~ber or the cbain) a series of 

exper1centa vas ur.dertaken to system~t1eally study the effects 

ot st1cul.et1oo pa.r-a.meters. Postel"ior hypothalamic placeoentG 

vere used throughout, except in the eecond exper~ent (Duration) 

1n vh1ch eeptal placenents vere also ~sed, 

e.) Intensityz Five etlmulations uere permitted in the 

terminal chain member. The intensity, measured 1D mieroacperes, 

vas the s~e tor·each ot the tive stimulations . ~at intensity 

ve.a ebange4 systematically, hO'iever, in order to study the 

~ ., . .,. ·~ . , .~ .. -,.~.-............ :·'t. -- ,.' . ~ .. 



C00021825 
..... ~- -· 

·. 

- 3? -

relationship between tvo ~sponse l"At~s: tb~ rate nt which 

the rat pressed the lever on th~ variable interval schedule 

in order to gain access to the eticulQt!oo lever and the r•te 

at vh!ch the sitmulat!on lever vas pressed ~o produce stimu­

lo.tion once it vas o'bt&!ne!S. Our results indicated thnt the 

Yar!able interval rate ot response vas lov at lov inter.&!ti~t 

or stir.lulation. increased \rl.ti. 1nereues ln the intensity ot 

stimulation and increased still further at the highest 

.. intensities or stim\ll.ation. The rate at vhieh the rats 

i ecc~pted atimulation vae lover at the extr~~es of the intensity 

I 
I 

I 
! 
j 

, 
.. ! 

Yar1able 1 S,e., ~aximum rates of Self-et!~ulation occurred at 

moderate intens1t!es. These results vere interpreted to ceao 
. . 

that the :rate or self-sUmulatioo 1ft the terminal m~ler o: 
the cha1D vas ~poo~ predictor ot the behav!or-maintainint 

' 
property ot bra1n st!mulatioo. 

'b) Duration: A. simil&r procedure vas employed vitb a sinsle 

tre..1D. ot atimul.atiOD permitted on the retractable leve:r 

(temin&l. chain member). AGain, a variable interval schedule 

ot 30 seconds on the p~rmanect leve:r (initial chain cember) 

as.s!gned ~pportun1t1ea to respoad on the stimulation lever. 

Train durations tro~ 125 ~see to lS eee vere studied, and 

the priear.1 datu= vaa the rate or res~ond1ng oa the variable 

iaterval lever. The results vere not clear: they s~~ested 

that the "best" pertormanee1, S.e •• h1r,hest variable interval 

responee rates, vere obtained at train durations of about tive 

eeeooda. 5omevhat lover variable interval response :-•at.es ·-

. - ······'· 
· . . .. 
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occurred . at the longest d'urations studied. \Jc could not, 

hovever. unambiguously attribute the lover rates to the lonser. 

train durations-- 1t vas poasible thnt the lover response 

rates at the loneer train durations represented drif\s in 

the baseline rather than effects ot the experimental variable. 

Our experionee vith this experiment 111otivated us to seek l'leV 

.methods ot atudying brain-stimulation v~iables; the use ot 

concurrent scheduling procedures. to ·be mentioned later, vas 

the result. 

c) Frequenc)': The trequenC:J ot a dne vave is 'knovn to 

atrect the performance or rat• in a brain sti~lation 

experiment in Vhlc:b the behavtor is eontir.uously reinforced, 

l.e •• vhere eac:n lever press produces sti~ulation, We examine~ 

the ettecte ot sine-vave frequency (peak•to-peak current 

intensity an~ train duration held constant) vithin the 

e'ontext or the ehdnins procedure outHnecS above. In this 

case, ~he variable interval 30 sec schedule led to a fixed 

n~ber (20) or £timulatioc-reinroreed lever presses 0~ the 

retraetable lever• ~he variable interval response rate vas 

evaluated at each ot several different frequencies or the 

stimulation sir.e vave from 20 cps to 2500 cps. The results 

vere elear: ~ish respon'e rates on the variable interval 

echedule vere obtained vith e1ne vave frequencies bctveen 

lOO epa and 500 cps. The peak ot the function relating 

rate and trequenef vas approximate~ 100 cps to 200 cps. 

On the basi• or these 4ata. the portable stimulator ve 

·:~ .. 4#>·, •• • • 

..... . ·. 
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~ployed in our dos vork vns built to provide a 100 cps sine 

'!lave. 

Subsequent to that initial study, a ~ore co~plex stu~y 

'lias performed in ~hich train durntion, curre~t intensity and 

aine-vave frequency vere mnnipuloted in a statistical, 

factorial-type design. In this experiment, a tingle sti=u­

latioa-rein!oreed press ~s pe~itted in the terminal chain 

aegber, i.e., on the retractable lever. The above finding$ 

vere eonti~ed vitb the additional result that efforts to 

111e.nipulate tra~n duration and C\U"rent intensity eo as to keep · 

peak-to-peak nicroeoulo~bs constant did not produce equal 

rates ot respon~ing on the variable interval lever. The 

eoulenb, or ~croeoulomb, ~Y not be a ~serul indicator or 

reinf~rce~ent value,·~s has been suspected. 

~. ~ployin£ th~ more traditional self-stimulation technique, 

i.e., A sinale ~on vhich •elf-stimulation may be programced 

for eacb press or according to a schedule ot inte~ttent rein-

forcement • .. ]1a O\U" laboratory pertomed a.zi expericent 

• in vhieh train duration and current intensity vere Jointly V&Tied. 

lfhe per!orma.Jlc.e measure vas respoue rate Oil a scbedule cr 

continuous reinforcement. l.e •• stimulation delivered for eecb 

··press, and on a tilled ratio ot ti ve to one. 8ot.h septal a.n4 

median forebrain b~dle placements vere studied la the s~e 

• an1mala. Repsonse rates tor eertal stimulation vere consistently 

_'lover than tor median torebr.a1n bundle stimulation. A train 

duration ot 0.1 eec va.s coos1Gt.eotl)' "'best" tor septal st1cu-
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lation, but the train duration produclna maximum r~sponsc rBte 

tor median rorebraln bundle stl~ulBtion depended on current 

intensity. · H1aher current intensities, LO~A and 60~A produced 

increases in response rate vitb increasina train.durations up to 

about 0.2 to 0.3 sec. Response rote decreased beyond that point. 

Optimum train ~urations vere lonser tor the ti~ed ratio aebedule. 

The results vere interpreted as indicating that microcoulombs is 

au important determinant or .elt-stimu1at1on rate. 'l'hat . 
conclusion ditters from the conclusion ot the experiment ~entioned 

above in vhieb sine-vave trequenC,Y1 train duration, and currect 

intensity were Jointly varied in the tvo-lever procedure. The 

questloo regarding the possibility or relatins rev&r4 value ot 

· brain sti~ulatioa to a single electrical dimension is not 

ansverea, and it recains as an 1nterestlcg possibility. 

6. Another eXfer1ment by Dr. ~nvestieated resistance to 

. ' extlnc-t.1on as 1 function ot the me·i:.hod or revard prueotatioo. 

; Brain stimulatioo revard (median forebrain bundle) vas pfeseDted 

tor ooe group or animals immediately as the lever vas depressed 

. in the trad1t10Dal fashion. For e.nother group or anicals I lever 

4aprcas1on o~tlvatcd a dry vator dipper ln another part cr tb~ ~ox, 

and lickiog the 4ipper produced brain siiculation (a ebain 

· . schedule). Suitable controls vere employed, including a standard 

· vater reinforcement group. Extlnetioo scores, vhere lever prtssin: 

DO lonser led to brain ati~ulatloa in the tirst tvo groups or vater 

: in the vater control ~roup 1 shoved maxi~~ resistance to extinction 

f.tn tbe.vater control group. Si«n1tieaotly1 resistance to extinc~ion 
• r / 
r 
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vas sreater in the brain stimulation group vh1cb obtni~c4 st1cu-

latioo by licking the vater cup as co~p3red v1th the group tbnt 

received stimulation in the traditional r~sh1on. i.e •• "on ~he 

lever.• !beae results to eome extent 1lluninQte our findings 

reported above (psrf18re.pb 3 ot this section) in vhleb 1ubstant1al. 

Sntc~ttent schedule perrormances vere maintained throueh the. 

use of r. :".hain1cs proeedUJ'e in vhieh ~be temin&l member ot the 

ehllin eonshted ot access to a lever on vblch a pzoedeta-e.:i::lo!l ..:~ ot 

ati~ule.tions · vos prosrnmoed oo cootinuoua re1o!orcemaDt. ~dc~t~. 

the multiple st1culat1oo feature or that vork vas only one or the 

Yarieblea re&poos1ble ter tbe result-- tbe chain1cg technique vas 

.also important. A seneru concl\lalOD e>eems to be that as the 

l!lethods employed to atuey revarding electrical etimulation of 

the brain approach 1110~e llld more closely the 111ethods elllploying 

conventional reiDtoreera, ditterenees betveen brain-stimulatioo 

revard and the conventional revards tend to vanish. 

1. Because ve ente-taiced tbe possibility or having to employ 

an aversive ele~trod~ placement So the dos in order to obtain 

control over th~ tree-t!el4 behavior, ve studied the effects ot 

aversive atimul~t1oa cODtingent upon a lever pres~, i.e., 

punishment. Rata, vitb electrodes implanted in the me!ial 

lem~~ and lateral geniculate areas • vere reduced to So% ot 

tree feeding ve1gbt and thea trained oo a var!ahle interval one 

einute schedule to press & lever tor rood rellett. When the 

•arlable 1nteryal performance vas etable, stimulatioo vas 

lDtrodueed tor eaeb lever presa. Response rate vat st~died as 
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aa 8 function or the 1nten31ty or eticulation. Typical punis~e~t 

effects vere found= the rnte on tho vari~blo lntervBl ~chedule 

Yaried invers~ly vith the intensity or sti~ulation. Stnted 

othervise. the ~ore intense the punishine stimulus. the lover 

the tre~uency ot the behavior vhich produce4 it. 1bat responding 

vas maintained at all vas due. ct course, to the toed felleta vb1cb 

aerved as a eource ot positive motivation tor the behavior. 

Further • vhen stimulation vas discontinued, recovery oc-eurrecS • 

i.e., the response rate returned to the previously ~punished 

level. At the ver.y hi&best intensities of aversive sti=ulatio~ • 
. 

recovery vas del~ed in that the lov response rate persisted tor. 

•ome time (~inutes) atter the removal or tbe aversive eontingeocy. 

Atte'r 1011 1ntensit1.es of stimulation 1 recovery vas almo3t 

lmmed':i ate. Signiticantly 1 eompensatlon, or a tendency to 

"overshoot." the [!rel)unishrnent basel1 ne rat~, vas se~n at'ter 

~oderate intensities ot punishment. All ot the results or this 

experiment conformed to tindinga reported in the literature 

- employin6 conveotiooal aversi~e atimul1 1 such &S foot shock 

ln rate. 

8. An exreriment vhicb provided crucial data in designir.g the 

tree-field control system tor the does vas performed inside tbe 

labo~~tory and employed rats ae the experimental subJects. The 

procedures and resulte vere described in detail in our ~port or 

1 January 1965. In summary, a small, vcodcn "tield" vas prepared. 

It ~easured approximately 8 x ~ teet and vas located in a corner 

ot tbe laborator,Y. •A rAt 1 ~th electrodes located 1n the re~ioD 

ot the mammillary bodiee or the posterior hypothal&Mus, eould 
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row!l 1'reely over the field o.nd vas eonnc.c:tecl t.o a eticulntor by 

~eans or a flexible cord hunc trom a pulley device over the 

eeDter ot the t~eld. The experimenter vieved the rnt by ~~ana 

ot a ~1rror inclined L5° from tbc ~or1:ontal, .several procedUres 

vere attempted fn order to control the tield behavior of the rat. 

It vas cUseovered, almost by ~~:1dent 1 t.hat if ebort trains ot 

atimulation are delivered to th~ rat at a tairly rapid frequency, 

torvurd locomotion in tbe direction ot head orieotatioo vaa 

initiated, Tbe lnteDsity or stimulation vas critleel and had 

to be determined empirically tor each r~t. Too lo~ an intensity­

and locomotion vas Pot initiated~ too high, and recoil vas 

obtained, The procedure, then, tor moving the rat tr~ a point 

to ~he field to another pOint vas to turn on atimulatien vben 

the rat 'a bead ,..as pointins iD the desired direetioc- sti!UU.lation 

vas kept OD (200 msec bursts, three pezo seeoDd) u long as t.he 

rat locoooted 1n the desired direction. Th~ rat qulc:kll 

learned to vave 1tJ bead trom side to side vhen stimulation 

vas terminated, because that bebavior vas revarded vith tbe rer.eval 

of st1~ulat1on. It a ebon~e in direction vas desired, or it the 

rat veered orr eourse, stimulation vas terminated. The rat 

remained station~ in the absenee ot stimulAtion L,d "sought" 

the r.ev direction by means ot·the aforementioned bead ~ove~ent. 

tn a short period ot time, good control over the rats• tree-field 

• behavior vas established. 

Ve next examt~~d"tbe control procedure Just described under 

more strincent eond1tione from the point or viev or mnintai~ing 
behavioral eootrol. Obstacles vere placed in tbe tield ~hieb 

• 

... ;. • ~ .••• ·~: ·;-:J·.;.:o:: 
~ .. ... . · .. ··· . . :· . .:,· .. :. · . .. . 

~-- .... ·- · 
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the rat hnd to e~ount in order to continue locor.otion in a 

direction ~bleb maintained stimul~tion. The obstatles vcr~ -

easily surmounted, ~d little lr any de&rQd~tion in perforcanee 

vas observed. Finally, the field vas t109cled, ·ana the rat vas 

required to le~ve a corner platform and ~ in or~er to receive 

stimulation. Acain, control over the direction or locomotion 

vas positive, The a1an1t1eanee ot the finding vith re~ard to 

avi~ing rests in the nature of the behavior-- it is not "r~t 

like." ~pp~ently the control technique is p~ertul enough 

to generate and maintain control over & behavior ~hieh is not 

commoa to tbe apeciea~ Yh1le a~ng has been studied in 

rats over tbe years, ve vere nevertheless impressed vith tbe 

1'1nd1l'l!• 

Because the effects Just described vere obtained in trJee 

out or three rats, it seemed promising as a techniq~e tor tbe 

4os. It vill be recognized that the procedure has ~ucb iD 

common vith tbe dog cootr~l procedure described earlier in 

·. tbls report. 

D. Additiol'lal resecrcb 

This classitieation of researcb activities is included to 

eover research vblcb vas aimed at explorin~ the properties or 

brain stimulatio~ as a reinforcer, the. development or tecbniques 

to acc~plieh th~t goal, and en exploration or eome ~plieations 

ot our t1ndings '(roM other experiments • 

1. Ia the typical brain etimulation experiRent, eti:ul~tion 

oecura ~ed1ately upoo closure ot the lever ~tch-- the only 

.. ... . . . .. , : ...... , .. I • · •. . 
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delays involved are those thnt reoult trom the use or electrical 

prosramming aevices, and such delays are calculated in 

~llliseconde, Food reinforcement involves delays bctvceo a 

lever press ~d the receipt or food reinforceccnt in the order 

ot a second or ao. Empl01ing a multiple schedule ~ecbnique 

1n Ybieb tbe rat ~ad to alternate betveeo tvo levers to 

' cbte.in successive reinforcements (perseverative respv1;ses 

so1ng unreinforced) ve correlated ooe aticulus in tbe ~ti?le 

schedule vith a &ero del41 betveeo tbe lever press and sti:u-

lation and the other stimulus vith a halt-second delay. 

Posterior hypothal~ic electrode plaeeeents vere used. The 

_tvo delay conditions ot the ~ulti?l• scbedule alternate~ 

every tive minutes. 'l'he P\UJJOSe ot .the experiment vas to 

stu~r resistance. to extinction as a function of the &ero 

~~d bslf-secon4 4el~BI \ht r.a4n 4at~ turr.e4 o~t to ~c tbe 

pertormacce ot the rata during the halt-second del~ 

condition. ll'1tb no ~clay. the alternation between levers 

vas smooth; vitb a half-second delay, rather bizza~e respor.se 

topoeraphies ~eveloped betveen a lever press and the 

occurrence ot stimulation•• the rat vould stand erect on its 

hind pavs, forepava extended and head cocked in an unusual 

positloo. '.l'hat botb the &l'llooth and the biuare topo~: ·$)l':ies 

occurred i~ the ~ rat augsested thnt the latter ~as a 

conditioned response rather than an elicited motor effect or 

·tb3 st~ulatlon. Ye epeculated vitb re~ard to the genesis or 
the c!elq behavior at~d suggested that it c:ould have- resulted 

.-." 

:~~-=~ .;:~-~ ~lr~·~:~;i.~:~·(:~7:;.; ... 7·• , - · ~. 
. ....• .... .. . ...... _ .. _ ... .. _ -. -·· ----··~-...'""'"' ...... ' ·~ • - - · · ~ ,.._ -c - .. -

. ·. -.-. --..! -~ .. ·:· ..... : . - .. ... 
. ....... , .; •' .. ... -: .•:P ~ • • ·- : ·•::· , - ·,• • ~ "' • ' • , . . ..:. --, ... _ . . . .. . 
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fTO!ll the ··"instrumental Shcping Of an originally clGasi~all,y 

conditioned motor response, To investisctc the possibility 

'or elaaoieal eonditloninr, t~o nev rate vere em~loycd in & 

elaesical conditioning e~per~cnt. A briet.tone vas 

f'ollO\ted a half-second later ll)• brain &tir:lul4t1on. l'io 

instrumental response vas required to produce the st~ulatlon. 

ot course, and the intensity or the stimulation vas eet at 

a level that produced an easily observable bead co<:k. Ve 

eucceeded ~ conditlonin~ aod then extinsuishing tbe bead 

cock. Our dat~ vere interpreted as beinB re~evant to the 

· ~iserimlnative 5till!Ulut bypothesS:s .• and ve suggested t.hat 

tbe logical conclusion that brain sti~ulation does not 

require a consummatory response cacnot be used as evidence 

asainst tbe discriminative 5timulus hypothesis, vhich relates 

the d1scr1minat1ve and reinforeinr, properties or • sti~ulus. 

A halt-secon4 lel'V betveen a 1t1~1us and Teinforci~ brain 

·~~~~a~~o~ 9ff~r~ ~p~e opp9rtYn~~r fer r!~pg~~!! 9\~~! \h!9 

eonsucmatory to e~me under the control ot an eoviTor~e~tal 

sticulus. 

2. h th~or,y ot brain stimulation in the current lite~ature 

identities a dual role tor eaeb response-produced sticulat1on--

1t revards the ~esponse in the conventional tasbion and also 

provides ~otivation tor a~ditional responding. Thus. the rat 

presses the lever because previous Gticulatioo has revarded the 

lever press and also motivated further lever pres61ng. 1bis 

theor,y ~akes an unusual prediction vith regard to extinction 
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. 
atter continuous reinforcel'lent. It ctntes that ex<:.inet1on is 

es&entiallY independent or the number or unreinf~reed rcsponzcs 

and pr1mnrlly dependent on the ~ o1nce extinction besnn; 

The prediction follovs from th~ theoretical postulation ot a 

~~~e-4ependent decay process in the level or ~be motivation, 

i.e., Vben tbe etimulator is turned oft (extinetloo) the level 

of ~otivation 4ee~s to tero (presumablY) . At that point, 

extinCtion ia c~plete. The decay proeess is inde~rndeDt of 

unreinrorced respozdlng durinc the decay interval. 

Ve exnmi~ed some iMplications ot this theoretical predic~ioo 

and obtained ~lxed evidence. Posterior bypotbal~1~ electrode 

placez:~ents vere used. After eootlouous reint"orceoent tor 

lever pressing, the lever vas automatically removed tro:2 the 

rat box tor 1 period or ~2 sec. When returned, the eticulator 

bad been turned orr, t.e., extioctloo vas 1ntroduce1. The 

n~ber ot responses emitted vas ap?roximately the same es in a 

condition ~here the lever vas ~ removed from the ~ox and 

extinction rei!!Jlonses vere eounted starting 22 sec arter the 

stimulator vas turned dtt. The theory vas c:ontirned- tbe 

number or extinction responses after 22 sec: since the last 

sti~~at!oo va• independect ot vbether or not the lever vas 

present (and responses occurred) during the 22 sec inte.val. 

As a further test ot the tbeory. ve repeated the eor.dition 

described aboYe in vhich the lever vus re~oved from tbe box 

tor the tint 22· sec or extinction. Nov •· hovever, ''.tree" 

stimulations v~re delivered to the rat at a rate of ooe sti~u-
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1at1on per secood. ~is oper&tion should retard or prevent the 

decay or stimulati ·~m-induced 111ot1v11Uon, and the nUcl:er ot 

ext1cct1o~responses occurring vbeo the lever is ret~ed to 

the box sboul.cS be treater than vhen "tree11 stimulo.t1on is l'lOt 

siven 4ur1ns tbe 22 sec intervlll. 'l'hQt result vas obtained. 

As a tinal test ot tbe theoretical 1mplieat1ons ot the drive-

decoy interpretation or bra1n-st1rNlat1oo revard, ve mruaipu­

lated the cocd~tions ot traiolcg, i.e., before extinet1on 

·. 

testin8 began. Wbi~e the rats vere being traiced to press the 

lever for eontinuoas re!ctorcement, the lever vas rer~oved .frG2l 

the box every so often tor 22 aee and then returned to the box 

tor eontlnued st1mulat1on-reintorce4 responding. A!ter this 

type ot tra1n1~, ~inction testa vith and Yithout lever 

removal (as described above) vere run. The neat relationships 

tailed to appear. The theory 1 b011ever, predicts that the 
.: 

same relationships should have obta1~e~,·a1nce extl~etion 

1~ postulated to be a function ot 4r1ve decay and DO~ ~ethod 

ot tra1n1n~. We concluded that the theory 1& or li111ited 

senerality. • 

3. !ecaus~ the dhain1ng procedure used extensively tn tbe 

research reported above vas suseeptibl~ to baseline drift 

(see Section .c, pare •. l£b above), ve beee.me intereste~ in 

devhing a be.t.ter method tor &tudyinl,f the kinds or problez:..s 

in vhich ve vere interested. !he technique ve have explored 
. 

and found to be markedly superior to tbe si~ple chaining 

proeedure involves the use ot concurrent acbedules. ~itb 
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this procedure 1 tvo acbedules or re1nforceDent oro progrcc:ed 

for the rat. one schedule on each lever or a tvo-lever box. 

Art'/ schedules rna¥ be proarammed, but, tor theoretical Gnd 

praetieal re~ons. variable intervBl schedules vere used in 

our vork, The programmed schedules run !~dependently. Ueder 

these conditions. rats typical~ respond on botb levers and 
"'· 

generall'J obtain the reinforcements ass1g~ed to each or the 

tvo levers vith1D a short pertod or time arter assignment. 

The critical feature or the procedure vhich makes it useful 

1n the analysis or behavior is the tact tbat the proportion 

ot the total responses ~itted on each lever 1s functionally 

related to suCh variables as tbe relative tre~uency or rein-

tor cement on tbe tvo levers, the eou.nt ot l'evarcl per rein-

toreement on each lever, etc. Hence 1 the pro~rtion ot 

re£ponsee emittecl on eaeb lever lo the cooeurrent sehe4ule 

~a7 be etudied aa a tunetion of dif!erent intensities ot 

tre1uenetes, ete.,progr~ea concurrently. Since t~e ret 

BaJ'Iples both elfperi~enta'l. eondi tions in a short period ot 

... 

~1me, proble~s of baseline drift are attenuated, We DO looser 

attempt a eomparlsoo betveen performance• separated by several 

veeks. Ve do pot mean to 1121ply that concurrent sehcd.lling 

procedures are the aolutloa to all ills-- tbere are oev 

probleiiiS in the use ot eoccurrent aeh~dules, b\lt ve bave tound 

eueh ichedules t(. •be superior to our earlier procedu.Tes, Soce 

nperl~:~ectl employing the procedure are nov descri~ecS. Agai~, 

• 
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posterior hypot:>lalar:le ploec~nt!'O v~::-c ~=rlo;,·~~. 

; 

• 

a) Var1c1ble intervlll scl:c~ulca or or.c ::..tn vc:c a>=-c:.:-r-.-=~.! 

eooeurrentl1. Tbe re1ntorcc:cnt o~ ooc ~r tt.c :ch~.!~c~ 

V&3 a tlxed, etondard number or at1culet1on reinforced 

lever presses delivered on continuous re1nrorcccen~. The 

num~er ot stimulation-reinforced lever pr~sses per rein-

t'oreement on the other lever vu varied over values or 1 1 

2, 3, '• 10, 50 and 100. 'l'be standard asainst vbieh eaeb 

ot those values vas pitted on the tir;t lever vas one 

atilnulat1on to one eltlleriment and 100 stimulAtions iD 

e.n~ther experiment. 

In both experiments, tbe proportion ot responses, i.e •• 

~elat1ve rate ot responding oa the tuo levers. va~ greater 

on the lever tor.vhich variable interval responditg vas 

reioforced by a larger number or stimulations. ~~ tbe 

nwn'ber or ltiltUlations approached equality at eitl'.er the 

one-one or tbe 100-100 conditions, the percentage. ot 

responses on eaeb ot the tvo levers approaebed 50%. The 

shapes or tte tunctiosal relations obtained paralleled 

previo~sly published 4ata en concurrent schedules. On 

those gro~ds, ve vere encouraged to attecpt turther 

applications. 

b) It Ss possible to deliver a tixed sticulation tice to a 

rat b,y varying tbe train duration per stimulation Jointly 

vith the n~ber ot eucb sti~ations per=ittc4 the rat. 

Thus, tor example, five seconds or stimulation ~ay be 

. ·• .. ,,.. . ... , ..• ·~· ~1/r0 ~ 

~ ... .. ·• . .. , . 
.... · .. : .... ~ : . ..... ·. 
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delivered in a alnele 5-sec train. in t~o 2.5 sec trains. 

ete. We examined the rets preference for train l~~tiocs 

or 1.2, 2.,, ~.8, · 9.6 se~, eneb paired vith a number ot 

120 msec trains so chosen that total stl~ulotion tiQe ves 

the same. The sehcdules programme~ on the tvo levers 

vere VlU"hble interval one_~•chedules; tbe rein:'orc:er 

for one of the schedules vas tbe ain~le train or at1mulo.tioo. 

and the reinforcer for the oth~r schedule vas tte ~ultiple 

etimulatlon eonditloo. The data examined vere the pro-

portion or responses emitted 00 tbe.tvo levers. The data 

vere unequivocal in pointing to a leek of preference tor 

one method of stimulation as co~pared vith tbe other. . 

In order to determine vhether the concurrent perfo~c:es 

vere sensitive to the exper1meotal variable. so that tbe 

eonclusion of equal performances i~plied no pret•~enc:e 

rather th&n no exper~ental eontrol or an insensitive 

~!~~!tn!, Y!r!gy§ dt~r~~! et !n~~Y~li~y Y~rc in~rg~y~~~: 
A 51cgle train ~as favored by reducing tbe ~unber of 120 

csec stimulat1oos pafred vith the si~le traio, and the 

multiple stimulations vere favored by reducing the auratioo 

of the single train. Both t~7es ct manipulations resulted 

lo shirts in the proportions ot respocses emitted on tbe 

tvo levers in the expeete4 ~irections av~ fro~ equality. 

We eoncl~ded, therefore, that the equalities previously 

obta1ne4 repr&sented "no preference." The electrode 

placements were 1n the posterior bypothal~us • 

.... ~ ... .• · .- .~ ·· : --:4-· ·· . ..... ... .. . 

.. ·· ... . · · 
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c) An·"impQl'tant fenture or concurrent variable iuterv4l 

schedules Ss the ehnnae over delay (COD). If one or tbe 

eche~ules eseigos· a reinforceQent vhile the rat is 

responding on the other schedule, the tir~t response after 

a change to the concurrent lever v1ll ordinarily pro4ueo 

the assigned relntorcemeot. \11th a COD, hovever, the 

first rP.sponse does Dot prodJce the assigned reinforcement 

but rather starts the delay t1m~r. Tbe t1rat re~nse to 

oceur art;r the de~;y timer times out produces the assigned 

reinforcement. ~e G .. l:-y serves to "punish" and tbereby . . 
i reduce the frequency or change over responses, i.e., 

cvitehes from one lever to the other. Emplo.ying the 

coneur.reot procedure vitb a short. COD (& bo.lt to several 

aeconds) an interesting relationship bas been report~d 1o 

the literature. Pigeocs distribute tbe1r responses on the 

tvo levers (or. keys) 1n the same proportion as variable 

1oterv~l schedules asslga reinforcements. In other vor4s, 

the relative rate ot responding equals the relative rate of 

reinforcement. Thus, !t1 tor example. the pigeon obtains 

one third of its re1nforee~enta on one ot the keys, one 

third of the responses vill be emitted on that key. As 

Bt~ted above, the reinforcement schedules employed io 

these exper~~nta are variable interval schedules; these 

.schedules pemit. • V14e ranse or response rates Vith little 

or Do difterene~ in reinforcement tre~ueney. An !Qplieatio~ 

ot that property ot varleble interval sheedules is tbe faet 

• 

........ ·~ •• • ; ••· p ..... ··~··~· .. -·:.. .·. , .. 

••• .. ·.·--. ~. · r~ 
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thnt ·the motch1ng relation atat~d. above 1e not trl~al; 

relative reinforcement rate could t~e oa a single 

value vith vidcly divergent relative response rat~s. The 

taet that relative reinro~ceceot rate ~tehes relative 

response ra~e. in spite ot the above ~onsidcrations, 

auc~ests thlt th~ relation m~ be theoretically i~portant. 

Vhile U 1s kno11n that the COD is illlportant 1a producing 
·~ 

the matching relat1on 1 its exact role has not been experi
4 

mentally determioed. ~o possibilities exist: matching ·-.• 

oceurs provided a COD or some eize 1s prosracmed; 

alternatively, matcbing is an artifact ot the ten~e~cy 

tor a COl'\ to "NIIplity" a bias for one ot the schedules, 

and the degree or amplification is a function or the size 

ot tbe COD. The seeood interpretation states tbat matchicg 

will occur only with a critically chosen size or COD. 

In ordeT to examine the two possible interpretations 

ot the role ot ~be COD lD the ~atehiDg relation,· t'6ur 

rats vere implabted vtth electrodes in the postericr 

• bypotbal!llllus. Tvo vere placed on concurrent variable 

inte~al schedules ot o:ae &1 ~ a halt minutes; t~e other tvo 

· vere placed OD a variable interval one lllinute scbe~ule 

coccurrect vith a variable interval three min schedule • . 
For all the Tats, COD vas varied from tero to 20 seeuods. 

In conformitr with t~e second ioterpretutioo ot the role 

ot tbe COD 1 ,_·smooth and approximately linear, rising 

tunctloo relatlne COD to proportioo ~r re&?Onses oa the 

: 
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one r,inute variable interval ec,bcdu~ ·: VClS obtnin<:·d vith 

the rats on the concurrent one: mlnut·· --;;bree Uiln\l.tc schedule&. 

1'J.fatch1n6" occurrd vheo the functlo;. passed thro~h 75~ 

i 
et a COD or about 10 aec. At. a tcro sec COD, the 1'\lnetioo 

! VM at •PFroximatdy 50.%i at a 20 sec COD, it vas ~t 
I 

I 

~ .. appro.dr.~ate~ 90%. A tunct.ion at 50% across all. COD$ vae . 
i 

. ~ 
. r 
1 

obtained vi th tbe rata on the concurrent one and a h&lt 

Ddoute schedules. Tbat result vas expected, 51nce the 

equal variable interv&l schedules provided DO 'biu ou vbieh 

the COD eould operate. 
. ~ ... . -·. --· --· 

•• I>r. 

.. . . 
• tnve5tigated 
•• 

some pbys1o1og1~al etrects or stimulation in the dog. It is 
I 

kDovn, on tbe ba31a ot Dr. \vork vi~h rats, 

that septal stimulation produces • 4ecelerat!oo in heart 

rete vhile hypothalamic eti~ation usually produces 

acceleration. Precise location ot the el~ctrode vithb 

the ares ~a queation"it critical fa dete~nins the =agn!tu~e 

and aometi~ea tbe direction ~t these cbonoes. Three eccs 

'were 1mplaotedl electrode placements vere in tbe 

4orsomedial oueleus or tbe hypothalamus, ventro%eeial 

DUeleua ot the bypotbal81JIUs • M~ tbe tield ot Ford. The 

data recorded ~re benrt rate, blood pressure, and 

respiration r~e during ~.mift periods ot aelt•Gti~etioo 

alternated vitb 5-mJo periods tn Vhich lever pressing 

I 

------· ··--·~-----....--------
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produced n:) stimulation. Arl exteroceptive s1.1111U:.us vas 

correlated v~th the etlmul~tlon-available condition. 

All three dot:- sh-oved tro.nsient hype_rtensive states 

4uring selr-stimulation. Heart rate increased in all three 

does, and to a statistically &ir-n~ficant acsree in tvo dO$$• 

Exercise as a f'nctor 1D the cardionseular c:ban4:es vas 

evaluated by po.ral.yzine; tvo dogs vi th curare, providintt for 

artificial ventilation, and stimulating manually. Under 

those ·conditioos, the blood pressure chan~es pereicted ar.d 

beart ~ate changes vere reduced ·in magnitude. 

A parasympathetic blocking agent, atropine, did not 

· affect ael!-stimulation behavior; ~or did it arrect beart 

rate or blood }ressure. An adrenergic blockin~ agent, . 
dibenzylene, co~pletely blocked the blood pressure chanGes 

but accent~sted heart rate changes. Anoth~r sueb eeent, 

dicbloroisoproternol (OCI), also accentuate! heart rate 

ctanges during self-stimulation. Neither adrenercie 

blockin~ agent affected self-stimulation rate. ~e 

4osages use4 vere: atropine, 0.1 mg/ks; dibenzylene, S 

~~~g/kg; DCI, 3 mg/kg. 

s. Several experiments P.mployinr. piteons as experi~ental 

subJects vere performed. The experiments are relevant to 

·several proble~s in the analysis ot behnvior. 

a) Tbe principle investir,ator bad previous1y d~onstrated 
~ 

4iet1nctlve chances in response rate 4urinc a relatively 

br1et stimulus preceding a chanGe rr~ one variable 
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interval schedule to another where the tvo variable interval 

schedules e.rc characterhed by different frequencies ot rein· 

torcement. An increase in response rate vos obtained durin~. 

the stimulus vhich signalled the unavoidable transition 

from • high frequency or reinforcement •che~ule to a lover 

frequency or reinforcement schedule; a ~ecrease in response 

~ate vas obtained during the 'timulus signallin& tbe 

opposite transition. Tbe tvo rate changes, therefore. 

vere obta1~ed on different baseline schedules. ~be rate• 

chan!e tin~ing vas replicated in a control experioent 

designed to obtain both rate changes(in opposite directions} 

vith reference to the •~e baseline •~bedule. A variable 

interval schedule ot two minutes (vhite response key) 

alv~a preceded. a transition to a variable interval 

schedule or 30 see (green tey) or 15 ~n (red key). \~ether 

the 30 ae~ or 15 ~1n schedule vould follov a particular 

exposure to tbe tvo ~in variable interval seheeule was 

ttot S>t'ed!chb1e WJU1 the onset of a 4istinetive stic•Jlus, 

tuo min in 4urat1on.- vhieh preceded e~ch type of transition. 

food was used as the reinforcer in this experice~t. The . 
results indteated clearly a tendency for the pigeons to 

increase response rate on the 2 =dn variable interval 

ecbedule 4uring the sti~ulus signalling the transition to 

the 15 ll'.ln yo.rhble interval schcdulo ~ a rate dccrci'L!:e \fU 

in evidence dUrin~ ~~~ eti~ulua aisnclling the transition 

to the 30 1ec variable 1oterval schedule. Thes~ results 
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elnr1fied the previous tindin€ by de~onstrGti~ ~hat ~he 

tvo rate chances (in opposite directions) did not depend 

for their occurrence on different bnscline frequencies ot 

reinforcement and response rates. 8oth chnnces vere 

obtained on a variable 1ntervo.l schedule ot tuo ~mates 

in the present experiment. 

b) Experi~ents Which study stimulus eontrol 1 1.e. 1 the 

p~cess vhereby stimuli gain control over behavior. 

typically employ environmeotel stimuli eueb as sounds 

and lights- stir.!Uli external to the organism. i'he cone~pt 

ot proprioceptive otirnuletion empbashes -stimuli inter~ 

to the organism. i.e •• at1~i 

11hich result t'To111 th.e orsan1s111• 1 CMl be~avior. Behavioral 

control ex~rcised by behavior-produced stimulation vas 

explic1tl1· studied in our laboratory throush the use ot 

a novel experimental design. The pi~eon va$ req~irel to 

peck on a red key either a large or a small nut.l'ber of 

times. c~mpletion or either response requirecent 

extinguis~ed the red key. and it vas re~laeed by t~o 

vh1te keys. It the larcer n~ber or pecks was re~ui~ed 

on the red key, a sinele peek on the right vbite key 

produced rood (reinforcement); ·· peck 0~ the left v~ite 

key prod~ced nothing. The eooverse relation obtained 

atter th~ smaller requ1re:nent on the red key. Tte 

Vhlte k~ ~hoiee behavior or the piceons vas st~died as 

the lareer an4 Blllnller requirements on the red t.ey vere 

___ . ---=-~-.- ~ 
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varied. Paired requ1recents of 95·5, 75-25 1 65-35, 6o.~o, 

58-~2, and 50-50 vere studied. ~he results dcconstrnted 

elearly that the pigeons could usc feedback stimuli fro~ 

their ovn red-key behavior to control the choi ·:~ response 

on the vhitc keys. Further, as the d1tfer~nce tetvecn 

the tvo requirements vas reduced, error trequer.c1es 

vere intrcdueed. Error treq~encies vere about 50% vith 

the 50-50 pair, as expected, einee the pigeon could not 

discriminate one requiremeDt tro~ the other vheD the tvo 

vere equal. Finally, it vas found thet a delay introduced 

betveen the completion ot the red-key ~equlrecent and tbe 

epportunity to r.al<e a choice response increased .error 

trequen-:1H. Tbe "meruory" tu.nction vas variable among 

the several birds 1 an4 thP. variability vas attrib~ted to 

the differential developnient or ''mediating behaviors, n 

i.e., stereotyped-behaviors vhich filled the aelay intervals. 

The results or the experiment vere interpreted as demon-

atratine a basic sLrnilarity betveen proprioceptive 

att~ul\ls ~n\rol an4 ext,erocepthe lt1mulu:; c:ootrol. 

e) As Dot~d above, experiments on concurrent schedulins 

most often ~ploy a COD. ~e COD, or change over del~. i~ 

&yzmetrieal in that the same delay is procr~ed for eh~~s• 

over responses betveen the tvo levers in both directions ot 

change. An ~xperi~ent vas perro~ea in ~hicb as~~etrieal 

change over 4elaya vere procr~ca. All eoQbinc:ions 

· ···:. · ~~: · ·.-... ·.~.;;;?;;:~----, -:-,~ · · ·- ···-7_~:~:x~~:~~=:1?iF07~--:~=-~ · ·.· -· 
. · - ~~· . 
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or CODs or 1, ·3, 9 1 and 27 sec v~re studied. In aa~ition, 

tbe S)'J'Cr'letrlcal pairc 0-0. and 1/3-113 sec vcre st·.1dic<! •. 

fhe concurrent schedules 1~ the context ot vh1eh t~e cODs 

vere proBrnmmed vere variable interval schc~ulcs of three 

~in. The exveriment 18 in the lost ata;ea ~r eo=pletlon. 

' and a serar~te report vill be suboitted vhen the data ere 

analyzed oz1d the experiment h written in a form e· .. dtable 

tor publication. 

An?tber ~art of the present experiment is concarned 

'llith a second method of controlling the frequency or the . 

~bange over :response-,. The first Jllethod 1 prosr&.C'Qin£ a 

cha:1ge over del:ny. ve.s desc:r1 bed above. ~e alternative 

~ethod is to establish atioulus control over the change 

over response. · While the pigeon is vorkins on one or the 

t\I'O CODC'trrent variable interval schedules 1 the assignment 

ot a reinforc:ement on the ~ sc:h~dule is aeco~~nied by 

a distinctive environmental etimulus. Since a char.ge over 

response 1s Dever reinforce~ in the absence ot the 

environmental stiMu~us and al~ays reinforced in the 

presence ot such a stimulus, tbc occurrence of the chan~e 

over respon~e comes under the control ot the enviro~ental 

stimulus. The outstMding char·acteristle or the data is · 
. 

a marked re~uction in the frequency or chance over responses 

' as col!lpared vith the experimenthl condition invc•lving no 

ettmulua correlated vith the avail,bility or reinforce~ent 

on the other me~ber ot the concurrent schedule. T~ese 

··~_.... ., -:. ~ ·,, ·. . , •• .... ,. .. .. . .· .. . ·. 
~: ·· .. .. 
.... 9·.· 
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data are presently Undergo~ nnolyais 1n dctcil. or.d they 

vill be reported vhen in a fo~ suitable for prcscQt4tion. 

IV. Applications 

There are tvo general classes or opplication sucgested by the 

research performed in our laborator,r. One set ot applications involv~s 

proble~ ot a practical nature, militarJ problems perhaps representing 

tbe JI)OSt interesting and useful subclass. Tbe second set ot applications 

stems from basic reseuch problems. 

Pr&ct1col a~pl1ca~iOPS can be recogni~ed by a unifying principle: 

it is dasired to place a living organism in a certain geocraphy ~ie~ 

may be too dangerous tor a bum'Ul. '!'he fundamental require.~ent ot any 

eolution to that problem is that the behavior ~ust be under constant 

eurveillance and control tro= a position remote trom the terrain in 

question. '!'he vork re?ort~d in section IIIA ot tb1s report 4escribed 

a procedure vhicb is effective in establisbin! and maintaini~ r~ote 

control O"'<er the behavior of a dog. Surveillance <;f the dog's 'bel:avior 

is no problem, provided line of sight is an acceptable restriction. 

'the development of a G•J.rVeillanee system tree or that restriction is 

primarily an electronics probl~. Possible uses of the controlled 

dog are Mt ditficuJ.t to fomulate • 
. 

A. A tog may be u&ed as en anc~unit1on and messa.ge carr::er over 

terrain too dangerous or, for sooe otber reason. inaccessible ~o 

aan. . 
B. A des may be used as a "guided mis s!le )i in destroyir:g $call, 

strategic struct~eo. In this case, the dog vould carry explosive 

ebarges vhlch can be detonated trom a distance by means of a 

... -.. 
- • · • . .. • .. " I • ~ • r 
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rad!o a1gno.i~ 

c. A dog ~ay be used to carr1 scn~ir.~ device~ vh!ch d~tc~t 

radiQtion or che~1col ar,ents in conccotrot1ons potcntioll1 h~~:Ul 

to troops. &.1 thie means. a terr~in n~ be ev&luated ~rio~ ~o 

actual oeeupancy. An elegant developme~t or this _applicnt1on 

vould tnvolve the use or the dos• • phytioloey as the sensin3 

instrument. Heart rate, blood pressure, etc.,vould be monitored 

· and telemetered to the home base. 

D. A dog under good behavioral control could serve as a scout 

~og, or, in old cavalry terms, ~ride point." A dog trained t~ 

detect and siscal the presenee or eneny troops vould serve to 

prevent emb~sh. 

Some ot tbe above applications involve destruction ot the ao~al; 

al;l or the applications risk 1·oss ot the animal. One advantage .Jt t.he 

• 
c~ntrol &ystem ve developed is the relatively s~ell investment in 

training til:le neeessfU"Y "to prepare a dog for some ot the possible 

a~pl1cat1ons. As stated earlier in thi5 report, about lS hours or 

vorking time ue often sufficient to obtain a \!Sable doc. 

Bssie research application~ involve the removal et a restriction 

ofte:l faeed in behr.vioral experiments, Extended daily expericental _ 

sessions are tmvractieal in the behavior laboratory because or satiotion 

effects ~hen food 1~ used as the reinforcer -for the behavior under 

study. SpeehJ. techniques employing "second order schedules" have 

recentlY extonded tbe p~rftdssi'ble session length. Application ot 

1econd order acbedules tor prolonged observation o! rood-~aintained 

baselines le pr~ielpg and ~ill come into use as ~ore is learned about 
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. 
the d,yno.mtc:a or such sc:hcdul~s. 'I'he advantaee or rcvnrdioc br::tin sti~u-
lation may be renli~ed in the use or the QOre eomoon, tir&t or~cr 

,schedules. Electrode placements ~hich do not yield ednptnt1on or 

"satiation" ~rreets ~~~~ be used in ctudyins the long-terw e:rec:ts or 

druga, tad1nt1oo, ete.1 on simple behaviors. Additional b~sie ~es~arc:h 

• ·applic:aHoos are easiq deviaed iQ maey areas or bio-cedieal research • 

i .­
• . 
J 

. ! 
i 

• 

·:0:, 
. • f'• •, 

__ .: : ;. 
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A.BST~AC"l' 

A detailed deseriptl~ ot the lurGical proeeaures 

1nvolve4 1n the ,reparation or • dog tor &elf-s\1aulat1on 11 

presented. ~e authors ecphaslle the prepaTation or the t1p or 

the z;UculaUon elec:trocSe and tbe preparat1oa or the leads 10 

that no vound 1~ left oo the doa'• be~d. A description ot the 

electrical and ceneral behavior cbaracteristies ot aelf-stimu­

latloa are included, 

Inderlns Itens: 

1. Physlolosical PsycholOGY• 

2. Exper!~ental 1urgic&l procedW"e, 

3, · Selt-sti~ulatlon !o the dog, 

~. !ra1n-atimulatioo in the dog, 

s. Electrode implantation, 
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Investi8at1ons o~ int~aeran1al sti~ulatlon 1D the dog in 

our laboratory ha~ encountered tvo ~njor ~robler~ in tbe surgical 

preparation: 1) electrodes plaee4 in areas vhieh vbeo ttloubted 

lfUpport operant be'!lavior in other species vouU not. p!"'d.aee bar· 

pressing tor self-stl~atloo in the to~. Also 1 2) the eleetrode . 
pedestal cemented to tbe e~ull would loosen during the ani~al'a general 

activity in the boli!C car,e. 'nth paper describes tbe teel:.n1ques de- · 

nloped to overcome tbese 4itN.eulties. 

Preparetion ot the electrode: 

the electrodes used vcre obtained tram Pl~tlc Products 

Corp. end are Mde ot blpolu tvisted •. oio loeb lnsulatect. ~·· 

platinun vlre. The vire h l-ent to tbe position sbovn 1a · 

Pig 1 end cut to 4o 1:1.:!1. ot vertical lenctb.. Usins a 

needle • tbe poles or tbe electrode are unt.,r1ste:! eo tba~ 

a ea, of 1.5·~0 2 mm. is toreed. The eleetro~e is &raspc~ 

vitb a he1110stat vbieh ie counted 1D tbe electrode caniese. 

~l~cin~·tbe poiot bat~een the ele~tro~e poles en tbe .=id-li~• 

and equ.l<!ict~t tum thc::t-.•o-. car bars ahes::a ·r~t'ereece~ 

&ero fro~ whiCh COOrdlnntes PXe.me~urede 

(Ficure 1 about here) 

Surc1eal Proeedure: 

Tbe doBS are routinely ~ive 1/4 srain Morphine By~ 

chloride 1&5 J!linutes prior to aureery. Deep sur~ic:al 

aoesthe~!a 11 accoMplhbe4 "1 tb rento'barbitol. Arter 

routine ·~blccl preparation ~t the op•rative fields over 

the bead and ~boulders. a lone1tud1nal ~kin incision is 
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Sur(dca.l Pro~_e<lure~ (cont'4) 

r:iade ov-e-r the ioplantation site. The skin and subcutaneous 

tis$ue are reflected and the periosteum is elevated. The 

· exposec1 bone 1s DO\t marked 11itb a scalpel at the cleslrec! 

coordinate. (anterior-posterior and la'ter&l) positions. A ~: 

bole h drilled Vi th a c!ectlll burr sufficiently 18l'ee to ~i!.-i:.~"-7 

ellov pnssace ot the electrode into ~e braio Unue · ~~fb~~.,:;:. ·-. 
vlthout denection (about 8 =• 1D dlqeter). 'l'be d'W'a 1a 

nicked vlth a Cr~~f Cnt~Jcct Knif~ en~ ~er tiD~ ch~ck of ,. 
the toorcUnate 4ist8Jlces the electroae h lovered to the 

.,-· 
-rertiele depth desiredo'-~t~~:~less steel sc:revs 0-80 .x l/lt" 

are placed around tbe electrode a.od erainoplastic certeDt 1a 

applied. Sutttdent ce~nt Is added to lcclude the screvs 

and the electrode pedestal in a tlntiy bonded island ot 

cement. Tbe . electro~e leads are then attac~ed, tbe adapter 

threaded .oa &nd a final overlay or cecect is ap~lie4. This 

layer is suffieiefttly thick to thorough~ vaterproot tbe 

adapter-pedestal eonnectiol), ·~o th tbe polyethylene lead 

and to form & smooth surface (see F1!• 1). 

A stab vound over the sbould~rs h made and a Rw:el 12 

tbo:ractc forceps is forced aDter!orly through the aubcutis 

unt11 it exits in th« lr.~t>lantation vound. 'l'he ~lstal end 

ot the lead h graspe4 \11th the Javs or tbe forceps and 

vithdrav~l of the forceps positions the le&d subcut~eouslT 

exitinB ·~ the shoulder. t·Younds are closed 1n a J'Outine 

manner. The distal ecc! ot the leads ue ethched to a 

r.;··- , .. -.-.... .. .. . ·~ ··- ~··~•,.r 

~. ~ ,:,.£. • . ..:::, .. =~. ::: ~--.-.:. 
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Surcic:e.l Procedur-e; (c:ont'4) 

e~erciolly available do~ harness. 

The plBc:e~ents vhich have been most successful vitb respect 

to revard characteristics have been those oi~ed at the . ---
lnferio~ _:rort.lon ot the fornix at the level cr the hypo­

thalamus, The follovinc coordinates vere used as rea4 fro• --
. --·--- -- . - .... . .... _. · } ktnlor 20 ""•, te.teral. 2,5 P.lll., 

Verttc!ll. 7.0 mJ:'I. above insti"UI'Ient urc. H!stolosical elltAl"~-

~ation ot various do~s has sbovn thst the electrode tips 

vere io 1) the torolx. 2) the c~i roreli aod. 3) ventral­

medial bypothala~. 

Stimulation Characteristics: 

Electrical: A 100 cycle sloe v4ve v1th eoo ~A • 2000 ~A 

.. ·pe~ tope~ Geplitudc pro~uces-strong revar4 

characteristics. Resistance of tbe tissue 

varies enonr. doss and is trorr 6 to 12000 ohos. 

Ho"ever 1 it is very constant durin{! stimulating 

aessions and across ~ays, On a s~uare vave vith 

a 200 ~see pulse v1dth a 200 ~sec iote~ulse 

tir-e (i.e. 100 cps, aee inset, Fi~. 2) a ~e&k 

eJII!jerage of &'bout 1000 ~o~A is Deceuuy, 'l'raia 

duration use~·is·a tuncti~n or ~hedule end 

individual an1r•al, the ranee or effective 

durations is .2 to .5 ot a second. 

(Ff~ure 2 a'bout here) 
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Beh~viornl: FL~ure 2 presents ·cUt.Ulatlve reeo~ds fro~ the 

lever-responses or a beecle prepared ia the 

above manner. At flr$t 1 the anir.al is traine4 

to lever-pre~s tor 1~edi~te eti~~aticn. Thea 

the ratio or respon~es to ati~ulatiors is tixed 

et hi~)ler vL\lues. At tixed ratioa ot 120 

steadily in 1~ sessions (5-8 bours), 'but \fill 

eventually e:hou breus tror.t respondintt ot 10 to 

20 ~in in lonaer ses31ons. 
. 

Discussioo: In contrast to teet.niqucs such a.s described by .. ; 
jVb1eb anchors a pro~rudins 

pede&tRl to the ~k~l. tbis preparation allovs 

the seftlr to eor-pletely heal end leaves DO 

~rotrus1ons. A procedure for i~lanting 

electrodes in rats bas been d~seribed by 

. ' . 
• .. . J and also 

leaves a pe~estal protrudin~. As they describe, 

the healinc or the cealp is tairly co~plete 1n 

the rat and, therefore, the procedure is ver,y 

satisfnetory. However, tn the do~ this oroeedure 

leaves &n or~n vound, and a prc~aration vulner-

able to dar.".age fro#l the vlr.orous eetivity or the 

anhal. 

It the investtcation requires no ~re than ~hree 
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Discussion: (coot'd) 

• 

•!" ·:::: • ' ' !,! • r., • t . ~ • · .•• ,.. _ ,_ . ..,_ .• 

~;~~~>::: -~. ~>. . . . . .. 

if ~Qre electrodes· are needed the necessity ot 

att~chin~ more adnptors and of passins them 

posteriorly to an opening at the Shoulder 

becomes cumberic~e. 

Also, the preparation or tbe bipolar electrode 

vi tb the unus uall,y luge ea.p hcs liai tee! use 1D 

certain research. 'When the P\ll'!lOSe 1s to stll'lulate 

a relatively lar~e area 1~ an effort to present • 

1ti~ulatton vhich has reva!d properties. the 

described procedure is recommended. Bovever, 

Vhen stimulation ot a precise point is intended 

the field between the electrode tips voul4 be 

prohibitively large • 

- ....... 
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FlCURE CAPTIONS 

Ficure 1 Corpletea preparat1oD of the electrode ~lneement. 

Figure 2 C\mulative records ot 1e"er (\resses under 41ttereDt fixed 

ratios (YR) or lever presses to sttoulations. 


