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SEi{SORY iìEINFORCEIVIENT III

NONAIVIB ULATCR,Y PROFOUI.IDLY

THE OPEI.(AN'f COi{DI'tIOtlIi',lG Ob

¡"iHNTALLY Rfl TA¡ìDED ADOLESCEi\¡TS

¡,lichaeÌ Dewson

ABSTRACT

Four exPeriments vJere conducted Eo ässess Lire

effectiveness of sensory stirnuLi as reinforcers of heaC

turning in nonambulatory profouncily inentally reLardecl

adolescents.

In Experiinent l, 10 subjects (//ere exposed to fcur

3O-lrj.n sessicns each ccntai¡ing LL) r¡in of baselirrer l0

nin of conclitionin,l , ancl I0 nj.n of revèrsaf . Contingent

stirnulation consisted of the sirilulEaneous PreserrÈâtion or

music, pictures, anri vibration for 5 sec. Five sulJ j ects

were continuously reinforceci (CR!') during condiEioninrJ

and f ive sub j ects were reinforced for ornitt.ing a response

(DRO) for 5 sec. r\¡either the cR!'scheduLe nor eì1e DRÛ

schedule of reinforcement was effective in ccntrolling

the rate of head turning of subjects. I-ìigfrer response

rates during conciitioning pilases were found acroSS l;otir

groups as well as an overall declÍne in resiiol-ìse rate

r11



across sessions. Tliese Lvro main effects Su(J,JesLecì thaE

(a) the sensory stirnuLi either eliciteC head turns or

raised r¡enêra1 arousal levels ' and (b) t.tìe sub¡ ec ts

habituated to t.ire exper imental situation across sessions.

In the second experiment, there were t.wo 30-ririn

baseline sessions, eight 3C-rnÍn condi.tionl.ng sessions,

anC two 30-min reversal sessions. Only one of EÌle f our

CRF subjects displayecì reliable increases in rate of heaci

t.urning cluring conditioning. 'fllere was no evidence tnat

the DRo schedule controlLed response rate for any of the

DRO s ub¡ ec t,s .

In Ë:<perirneni 3, only subjects who achievecì higir

scores on a sensorirJotor Lest were erl¡.lloyecl. 'fhe

subjects were exposed to CRF contingencies cnly and Ehe

stilnulus content of the reinforcer was varled. Vibration

was removed fror¡ the contingent stiinuLus afEer several

conditioning sessions. For one subject vibratÍon lias

later reinstated, and for a second sul: j ec L ' r¡usic \r'as

removed in addition to vibration. The latter Ei'Jo

sul> j ects showeci highly rel iable increases in resPonse

rate dur ing cond i tioning, Lwo other subj ects shov¿eC

marginal eviCence of conciitioning under CRf, ancl the

other tv/o subjects showed no evidence of conditioning.

1V



In the fourth experinent, nine of the orig inal tert

subj ects rr¿ere employed. The stilnul us colnponents o f the

reinforcer were varied syst,eutatically, new apparaLus lvas

ernpJ.oyed, session length was shortened Lo I5 min, Lile

number of baseline and conditioning sessions v,'as

increased, and ptrysical prompts were employed in a

systematic rranner. Six of the subjects were successtulJ-y

conditioned in E.xperiment 4. Of Ll:ese six subjects, tr¿o

conditioned with reinforcernent consisting of pictures,

rnusic, and vibration, two condit.ioned under a combinaLion

o i music and pictures r orìê wi th a combinaEion of pictures

and vibration, and one vnith pictures only.

'ltrese e:<per irnents suggest Ehat the use of a l-oiv

ef fort response (head turning) , ¡rronpting, exEencied

training, and the systematic variation of contingenc

stiniui.aÈion are variabl-es conLributing to succÊssÊul-

condit.ioning in this population. '.the resulis i{ere seen

to have both theoretical and practical iinpl icat.ions for

the care of such profoundly handicapped peo¡:1e.
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In recent decades, there has been a dralna¿ic rJrowtn

in the development and study of L¡ehavioraL technologies

appliecì to retardeci children. However, a review of the

literature reveals a scarcit,y of research on the

nonambulatory profoundly mentally ret,arded (i,JPi"llì) child.

Since Ful-1er's pioneer work of 1949, only a lrandf ul of

studies have deaIt, with t.his population of reLarded

chi ld ren .

and

NonambuLatory profoundly rnentally retarded cilildren

adolescents form a unique population-

Landesman-Dwyer and Sac ke Et ( I 978 ) oe fine i.¡PivlR

individuals as having three rnajor cllaracterisLics:

(a) they are incapable of rnoving ti-irough space,

(b) t.hey are totally Iacl<ing in adaptive behavior

ski11s, and (c) they are extrentely siralI for their

chronolog ical age. They are typicaJ.Iy untestable by

standard psychoJ-ogical testing devÍces and have little

apparent control over gross muscl-e Inoventent, suci.t

movements often being weak and infrequent. 'ihey

sometines dísplay stereotypic behaviors such as rockrng

and hanribiting (Clelano & C1ark, 1966¡ Stevens & tìeber,

1954). These children are doubly incontinent' Inust be

tube or spoon fed, and spend a1t theÍr t.itne conf ineo Eo a

be,C, mat, or wheelchaÍr. Near)-y a1l individuals in tl¡is

category display a multitude of sympEor-,rs of severe
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neurolog i.ca1 damage such as symPtoms of cerebral- .oaIsy

and encephalopathy (Stevens & Lleber, 1964). Ttteir

sensor imotor hand ica¡:s 1 imi t interactions wi ih L.he

environment, and stintulation is restricted iurther by

their custodial environment which is usually designed to

serve only the j.ndividual's physical needs.

In the past, such individuals trere often referred to

as "vegetat.ive idiots" (e.9., Iruller, 1949), a terin

reflecting the view t.hat such people u/ere almost totalJ.y

unable to learn or behave in a f unctional man¡rer. It is

only quite recently that ihe literature on rrìêntêf

retardation has begun Eo in<iicat.e thaE behavioraf

programs for the I.lPIviR can and should be developed

(Robinson ,! Robinson , I916; Landesman-Dvryer & SacKett,

I97 B; t^i h i tele y & Dewson, No te l- ) .

The uniqueness of NPI4R subjects, both in tertns of

the i r mental and physical hand ica¡:s as wel-1 as thei r long

exposure to severely restricted environl'nents, nakes it

important to study the quantit.ative and qualitative

characteristics of their learning. Tite acquisition of

such knowledge rvill also be necessary for tne

ir.rplement.ation of prograxìs desÍgned to ameLiorate rhe

behavioral- deficiencies of t,lPMR individuals. The

development of effective techniques for controlling tire
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behavior of üPlvIR i.nCividuals wouLd also provide useful

tools to aid in the assesstnent of their sensory and motor

abilities. In the past such assessment has presented

difficult problerns for both treatntent and research.

Review of Operant Conditioning

Pro fo undly l"1ent.a11y Retarded

Research wi.th

Children and

Nonarnbulatory

Adolescents

Appetitive Reinforcement

Fuller (1949) conducted what is apparently the first

study of an NPI'IR ind iv id ual to apPear in the

psychological literature. The subject of Ihe study was

an 1B-year-old boy described as a "vegetative idioL". ile

was perpetually becjriciden and his behavioral- repertoire

was limit.ed to occasionaf movelnetrt.s of the arriìs or head,

ancl vocal izat Íons. In the f i rst exPer intent, the sub j ect

was food cìeprived foc l5 hours. During four 20-min

sessions run on consecutive dâYS, a sma11 anrount of

milk-sugar solution eias injected int.o the subjectrs t¡tout.i.t

each time he raised his arm to a verticaL or near

verLical- position. From the first to the fourth session,

tire mean rate of arm-raising responses increaseci from .61

to I.67 responses per min.
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Several inont.hs later, a second exper irnent was

conclucted using the same procedure. There were four

sessions of varying lengths run on consecutive days

including 20 rnin of baseline measurement on the iirst day

and 75 min of extinction following tite IasE session. The

mean rate of arm-raising increased frorn Less than I

response per minute during baseline to 3 responses per

rninute during the fourEh session and oeclined to the

baseline l-evel by the end of the extinction period.

This st.udy suggests the feasibiliy of deveLoping

operant control over tlle behavior of an NPt'-lR individuai-,

but it, has certain',veaknesses in experinrenLal design ani

control. No baseline or reversal condition w'as ern¡rloyed

in Ehe f irst stu<ìy. In the second study, Lhe basel- ine

perio<ì r{as inmediately followed by a conditioning session

in which the subject showed no change in raLe of

responding. Since it was onJ.y in the fourth period' held

on Ehe next d"y, that there tvas a significant increase in

the rate of responC ing, the data coulci ref l-ect day-to-day

changes in the activity level of the subject.

Furthermore, the ext.inction daLa couLd reflect fatigue of

the subject since Ehe 75-min extinction period followed a

40-min condiLioning session.
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Rice, r"icDaniel, Stallings, and Gatz (L967 ) brief 1y

described a case in which a NPI4R subject. wes trained Eo

raise his arm for a taste of ice cream ano verbal-

stin¡u1ation. The authors report that after sonìe initial

dif f iculties, they were able to maintain responding r,vhen

the reinfo rcernent sched ule was changed f ror¡ FR-l to FR-5

and later to FR-15.

In a procedure somewirat analagous to Fullerr s, Piper

and i"1acKinnon ( 1969 ) cond i t.ioned a 15-yea r-o1d NPt¡rR g i rl

to raise her arrn on a CRI' schedule of reinforce¡lent.

Reinforcenent consisted of a 2-oz portion of Liquid fooo

delivered directly to the sul:jecErs stonìach Ðy rileans of a

cannula through a fiscula in her ai¡clornen. ùver a

trvo-vJeek period, the subjecL was shaped to raise rrer arnl

a sufficient nurnber of times per session (L6) to receive

her cornplet,e evening meal uncier Ehe CRF schedule. 'fhis

study was a r¡ethodological inprovenent over FuLler's in

t.hat, a baseline nìeasure was t.aken (the baseline rate iras

cfose to zero); however, no reversaL or reconditioning

was undertaken.

These studies have shown that appe

can be effective in Lhe conditioning

However, the general usefuLness of appe

wÍth NPI',IR subject.s is limiLed. r

r,i

o

ri.

t

t,ive reinforcers

f NPr"1R subjects.

tive reinforcers

is often very
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i.s sonetirnes

such children

1967 ) .

feed these chi

questionable

(Friedl-ander
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ldren ed ibJ.es, and indeed , i t

v¡hether food is reinforcing t,o

& Knight, I973,- Rice et a1",

Senso ry Reinforcement

Kish (1966), in a review of sensory reinforcetrtent

rvith animals, concluded that a fifth category of

reinf orcement, sensory reinforcement, !.vas needeo Eo

account for the many stinruli which have reinforcing

properties, but v¡hich do not f all inLo the four

traCitional categories of reinforcenent (prinary posicive

and negative re inforcement, and secondary posi tive and

negative reinforcement). ivlillar (I976) has furLirer

suggested that the category of sensory reinforcers shoul"d

be divided int,o social and non-social stinui.i, wicit the

term sensory reinforcement reserved

stimul i .

In research witn subjects who

such as infants and i\,lPl'iIì children

has severaL potent,ial advantages

reinforcenrent. Sensory stinrul

controlled for their physical

presented through the use of

for non-sociaÌ

have linrited skil]s,

, sensory reinforceriìent

over other iypes of

i can be precisely

cl:aracteristics, and

automaEed prograrnttittg
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equipnent. The ef f ectÍveness of sensory st il,rul- i ioes not

depend on rJepr Ívation to the same ex tent as cioes the

effectiveness of biological reinforcers. 'Iirey are al-so

less 1ike1y to elicit interiering clrains of i:ehavior as

conpa r ed to

Sarneroff , L972).

appet.itive stirnuli (i.iillar, L916¡

In addition to the studies on sensory reinforceuìent

in the NPl,lR populaEion to be d i scussed below, there i s

alrea<ìy consi<ierable evidence denonstraLin,l Ll lc

effecLiveness of sensory reinforcernent with severeJ.y

reEarded subj ects and normal- inf ants. The lvorK wi tn

these two po¡rulations is parEicuJ-arJ.y relevant to the

stuc.ìy of t'lPl4;ì inCividuals due Lo the nurnber of

similari ties between these po¡rulatio¡rs and tne po¡rulatiorr

of NPMR inclividuaLs.

Severel-y retarded subj ect.s. Researcir wi tir Llle

severely ret.arded is clearly rel-evant as this po.uulation

is the one v¡hich nìost resernbles the populat ion of i',¡Pi"tR

subjects in terlns of variables sucil as i"iA,' CA, and

general ]eve1 of functioning. Examples of the use of

sensory reinforcement are found in â series of studies of

operanL conditioning rvith severely retarded ciril-cire¡r

conducted by Friedlander and his coll-eagues (liriedlander,

i'lcCarthy, I Soforenko, 1957 ¡ Friedl-ander & Knighi, I973;
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Friedlander, Silva, & Knight , I974) "

In the Friedlander, ticCarthy, and SoforenKo study,

which is described in more det.ail in t.he next. section on

I'{PMR St,udies, one sub ject was a 29-mo-old, severely

retarded child v¡ho lvas able to crawL and to waLl< with

support. This subject denonst,rat.ed clearly differenEial-

response rat,es to the buEEons on a Playtest apÍrarat,us

rvhich produced different forms of nrusicaL feedbacrc

depending on Ehe response location. 'I'Lre child al-so

learned to change response locatio¡r wiren

contin(lencies on the buttcns were reversed.

Llle

In the Friedlander and Knight exper iment, l-5

deaf-bIind retarded children operated a bi-directionaL

lever ç¿hich produced an B-sec period of rooirr ilLu¡nination

at one of two intensities depenCing on tne rjirecEion c¡f

the lever response. AlL the subj ecEs delnonstrated

rlifferentiaL response rates for ttle differing rigltt.

intensities indicating bot.h the reinforcing value of

light, as rveLl as cl-ear preferences for cerLai¡r

intensities of ligirt.

Friedlander, Silva, and Knight used a sinrlar

procedure tc investigate preferences for Ín-focus anc

out-of -focus visual irnages amongst 20 deaf -51ino,

severely and profoundly retarded chilriren. 'lhe cilil<lren
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operat.ed a bi.-directional Lever t.o ¡:roduce an image oE

ten vertical lines v¡hich were eititer in focus or out oi

focus according to the Cirection of the Iever response.

Di f f erential response rates f or I2 of t.he sub¡ ecus

Cemonstrated a clear preÉerence for in-focus iiltages.

These studies have oemonsEratecl E.irat visi-ial- atru

"iucl i tory stinul i are reinf orcing events f or tire severeJ-y

rctarded, even fcr subjects i;ith cliaEnoseci se¡lsory

inpa i rnìenis .

I¡rianE sublects. In the case of the ì'torltìâL iìtlrìarl

intant, there are also a nutnber of sinÍLarities tc¡ tûe

l.lPl'lR individual which sugrSest that infant researc;r ínay

provide some useful guidelines for Lhe stu<Jy of ilPr'iR

subjects. Both young infants and l.lPlYlR inclividuals are

ent.i rely dependerrt on aoulL caretakers f or teerJ ing ,

clothing, cl-eanl iness, and l-ocortotÍon. ln bo ti¡

popuJ-ations, responsiveness to social stirnul-i is usually

linited to smÍ1ing, gross ¡notor oerìavrors, or

vocal i za tions . ivlany o f the NFi4R sui:j ects observeci þy

lrrhiteley and Dewson (Note 2) s¡.rent years rareLy Lnovirrg

beyond the confines of a crib in t.heir bedrooirl or a rírat

in a dayroorn. In general the Inotor' social, and

behavioral developrnent of che NPi'líì subject has Iiì,ìn!

sinilarities to that of infants.
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In extensive revietvs of infant condicioning studies,

Hulsebus (1973) and Lancioni (1980) describe a varieLy of

studies successfully ernploying sensory reinforcentent.

i'lost used visual (e.E. Siquelano & Delucia , 1969;

Caron, 1967 ) or auditory (e.9. Butterfield & Siperstein,

I972; Eimas, Siqueland, Jusc zyk ' & VigorÍto, f97l-)

stirnuLi and a few other studies used t,act j.l-e (e.9.

Sheppard, 1969) or kinesthetic (e.:. Delucia, I972)

stimuli.

In the Siqueland and Del uc ia stucìy, the effects oi

visual reinforcement on the rate of high-arnplitude,

non-nutritive sucking tvere st.udj.ed in 30 4-ntos-o1d

inf ants. 'itle inf ants lvere assiEned Lo one of tl¡ree

groups: a baseline control group , a sucking

reinforcenent grou¡:, ancl a sucKing withdraival group. 'I'tie

rate of sucking on a non-nutri cive nipple ivas recordecì

for a single l5-nin session for infants in the baseline

conLrof grouP. For Ehe other Lrvo groups ' a single l5-min

session was divided into five phases: 2 niin of baseline,

4 min of conrlitioning, 2 I;iin of baseJ.ine, 'i mitr of

condicioning, and 3 min of baseline. DurinE tire

condit.ioning phases, the sucking reinforcelÌìent rJroup iJere

ptaced on a conjugate scheoule of reirrforcerneni. Eaci¡

ti¡ne the infant sucked tLre nipple in excess of lB tntu-ilgr

the intensit.y of the projection of a 35-tit¡rt slicle lras



Þ:,-r a 12r q,J L

increase.j, beg inning f rom no illumination at t'he sLarE of

each conditioning pllase. Tne sucking withcirarval groufr

was on a DRO schedule cf reinforcement durilìg

conditioning. Tlte slide rvas retnoved for 5-sec each tirne

the infant produced a criterion sucking response. For

the Latter ti{o groups, a nevr slide becanì e avai}abIe after

each 30 sec of time spent, in a conditioning ¡:hase.

TLle response rate in the sucking feinforcetrlent group

rose shar¡.:1y in Lhe f irsL conditioning phase, declinecl in

the subsecluent baseline phase, rose again in the next

conditioning phase, and then declined sharply during tire

f inal 3 rlin of basel ine. 'i'he rate of sucKing in Lhe

basel ine group and in the sucking rvi t.hdra!/a1 group

cleclined steadily during all pìtases of tÌle l5-r¡in

session, ancl there was l ittle d i iference between t he

response rates of these two groups.

'Ihese results inCicate tLrat visua] sti¡nuli are

ef f ective reinforcers f or inf ants. '.file ¡rotenE.iaL

eliciting or arousal- effects of visual stir¡uli vrere i,vel-1

controlled for by tlte sucking rvithciralJa1 condition" 'I'he

design of t.he stucìy, which involved conpressinq several

phases of baseline and conciitioning into a single

session, proved to be aCequate for t.he de¡nollstration of

the effects of the differenE contingencies, wtlj.le



Fage L3

avoiding potenÈia1 behavioral probleins r.¡hich coul.d arise

f rom restraining ycung inf ant,s f or an extended ¡-;er iod of

tine.

In the Caron study, head turning responses in 22

I4-wk-old infants were reinforced rvitIl visuaL

presentat,ions of varied geornetric patterns. In the first

session, there v/as one nrinute of baseline rÍìeasutuàIrt€nL

followed by six minutes of Clì!' condi.tioning for lert.

head-turns of at least, 20 deg. A cìay laEer each inf ant

!/as again ex¡:osed to the CR¡' contingency for 1efE.

head-turns during a second 5-lnin session. During ciiese

two sessions, the infantsr rat.e of left head-turnin,J

increased, while their rate of rigirt. head-turning

clecreasecl after a brief increase at the beginnin,J of

session one.

Of tho se sull j ects wiro displayeci reliable left

head-turning behavior in tlìe first Ewo sessions, I4

subjects were later returned Lo Ehe laboratory Lo undergo

a session consist,ing of a condi tioning ¡:hase r ãlr

extinction ¡:irase, and a reconditioning phase" During tl¡e

conditioning phase, t,hese subjects res.-^ondecì aÈ l-evels

comparabLe rvith their previous rates of correct

responding. During extinction' rat.es of 1eÉt Lurning

declined sharply and then rose again <iuring the
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\vere subsequent.ly

under the CiìF

the proced ure was

'Ihe Caron study adds to the evidence that visual

stirnuli are effective reinforcers for young infanLs, and

also ind icaees that Ehe head turning response can be

re1 iably controlled in such young subj ects .

NPI'IR sub j ects In a series cf Lnree art.icles

(lìice, l-968; Rice & l4cDaniel' 1955; iìice eE â1., 1967),

Rice and his co-workers irave reporied soile success in tne

operarìt conditioning of two inult.iply ¡tandica¡.r¡:eo,

profoundly retarded children. LiEtle daLa was included

in Ehe articles,' hoivever, tire authors indicat.e Ehat one

subject responded at a high rate v¡hen a tnovie sound tracx

was presented contingenL on tire suþ j ect touc!ting a r j.ng

placed over him in tire crib. The rate of respond ing

dropped v¡hen the lnovies were replaced by slides, returned

tr: ihe prev ious leve1s when the lnovie lras reinsLaLecì, anci

dropped to zeyo wiren the sound track was replaced with

classical music. WÌren the movies with sound track viere

reinstated as the reinforcer, responding returrleci to Eile
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previous high rate. Tile salne subject al-so detttonsLrated

d if f erentÍal rates of verticaL and Iat.eral heaci i;roveritents

when vibrat,ory stimuLation was conLingent on verEicaf

novements.

The three articles by Rice ancì his colLeag ues

conEain a great cleal of anecdotal- infornation ai¡out, tire

problems of conducting research wi Iir t.his ¡:opulâtion and

poinL out areas which ineri.t further scudy. Tlìese

researcirers suggest tnat i.'JPi'lR patients dj.ifer fro¡rl

normals in quali tative ldays, such as great.er day-to-day

variability of response ratesr ut'ìusual patEernin,3 of

responses over time, and the occurretìce of "spontaneous

extinction", defined as a suci den, sirarp decli¡re irr

response rate fol-lowing periods of itiglt and st.al¡l-e

responding. ProbLern areas su.JgesEed 'oy Rice incl-ur.ie t;re

choice of reinforcers and their effectiveness over tinie,

the choÍce of operant responses, and t.he rtaintenance of

responding during modifications in reinforcement

contingencies.

Friedlander, I'tcCarthy, and Soforenko (1967 ) exarnineC

the operant discrinrinaLion behavior of t.rvo reEarcìed '
handica¡:ped children. One of the subjects was a

¡rrofoundly retarded 40-r¡o-o1d child who could nelther

rvalk nor crawl-. Tiie other subject \vas 29-mos oLd an,l
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able to crarvL and stand lrith support. The apparatus used

v/as a Playtest panel containing two large knobs

illurninaEed þy flasi-ring red Iiglrts. One Knob l.vas

programmed to produce a single chilne when it was pressed

rvhile the other rcnob produced t.he continuous playing of

an organ scale for as long as the knob was depressed.

Each sub j ect was ¡:1aced in a cr ib wi th Ene apparatus

aEtached to tire side, and lef t aLone i'¡itil the dev j.ce for

the duraLion of the session. The ol-der sui:ject receive<j

one 15-r¡in session; the younger subject was given a

36-min session. Dur ing each session, Ehe conEingencies

on the knobs were reversed several- tinres. The dependent

measures in the study were the f requency, l-ocation, ani.i

cluration of knob pressing responses. An anafysi.s of

response location patterns cr sequences was aLso nade.

Both subjecLs responded actively on the panel. 'fhe

younger, less oisabled child ernitteo 749 responses in l6

min and the o1der, more hanCicapped child nade 185

responses in l5 nrin. For both subjects, tilere was littLe

difference between the frequencies of responses resultinE

in chirire feedback and those resulting in organ-scaLe

f eedback. i{owever, the durat j.ons of respot'ìses lor

organ-scale feeCback averaged nearly four ti¡ites tne

durations of responses for chime feeoback. 'Ihe younEer

subject was observed to swÍtch llis pressing joeiravior froüt
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one knob to the other wllen cont.ingencies on the knobs

were reversed. Ttiis behavior occurred ttairìl-y in Lhe

laLer stages of the session and servecj Eo inax ir¡i ze

organ-scale reinforcement for Ehe subject. 'flie olcer

subject rarely switched knobs and apparently had great

physical dif f j.culty in ooing so. Since tire str:oy ivas

concerned wit,ir discrinination, no baseline periods were

employed to assess the operant ]evel of tire i<nob ¡-'usiring

responses in the absence of auditory feedback.

Meyerson' Kerr, and ;tlichael (1967) conducteC trvo

experiments v¡it,h a 4-year-oLd boy tvho was descrii¡ed as

beCridden, hyperacLive, ancl self-<jesLrucEive. ile was

labelled autisEic; however' in a Later study (uailey &

Meyerson I 1959) , ire t'ras diagnosed as ¡:rofoundly retarded.

Despite the different labels, tÌre subject descri¡:Eio¡

appears to meet Landesnan-Diuyer's criteria for cief ining a

NPi'{R subj ect. In ân attempt to conLroL tire subj ec tr s

sel f-destructiva behav io rs , L0-nrin p'efloOS of

noncontingenE aPPlications of eit,ner vibraEion or

backscratciring were alternated rvj.th 10-rnin ¡.reriocìs oi no

st.inulation. Two 50-min SeSSions Separatecl by a one-vJeeK

interval were given and each session contained tnree

periods of no stinulation, a period of vibraEion, and a

periocl of backscratching. 'I'he frequency of

sel-f-destructÍve behaviors remaÍned aL a high i.evel
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during periods of no stimulat,ion bu¿ gradually dro¡:ped to

a very low level during periocìs of eitiler backscratcitrng

or vibration. The fact that externaL stilnulaLion

ef f ectiveJ-y suppressed sel f -st ii¡ulaLory ancl

self-destructive behavj.or suggest,s that. tactile

stirnulation rnay prove t.o be an imporLant class cË

reinforcers for NPI"IR subjects.

Tv¡o years later, BâiJ-ey and ivreyerson ( 1969 )

conducted another st.udy of the same subject. A J-arEe

padcìed Lever was placed in the subject.rs crib 24 nours a

day. Follor'ring eight hours of basel-i¡re rteasuremen-Ls of

lever pressing, an FR-L schedule of reinforcenìent i+as

introduced ivith 6 sec of vibration contingenL on eacrì

lever press. Following 2L <iays of concl i t.ioning ' basel ine

conditions were reinstated for 23 cìays. During the first

baseline condition, the subject respondecì an averege of

135 tir.res a day. In tire conditioning period, tlle avera(Je

daily number of responses increasei to 1000, vri E.li a ranEe

of 700 to 2000. During Ehe second basel-irre perioct, tne

rate dropped to 400 responses a day in the first week anci

then to 140 responses a day in the last weeK. 'lhe use o f

extencied baseliné and conditioning periocis tnakes this

st.udy a convincing demonstraLion of controL over Llre

behavior of an NPf'lR. child. ?he results also suggest EhaE

vibration rrìerits further investigat.ion for use as a
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hand icappei , Y eEarded cnildren,

tilere was no evidence of a decline in

over a Iong period of continuous

A study by Griffin, PatLerson, Locke, and Landers

(1975) demonstrates the idiosyncratic nature of oPerant

conditioning in rtlPl'lR cltildren. 'l'he nran i pul and um

consisted of a wooCen fraine encircling the inner

circurnference cf a crib abouE. 4L cn above ti:e bed

springs, with nylon corCs laced across itle fra¡ne. Any

downrvard movernent anywhere on Lhe cords or lrane oÀ,erâEed

Lhe prograrnming equipment.'the reinforce¡nent consisrec

of 5 sec of vibrat,io¡r delivered throut¡h tire base of tire

crib. The subj ects vJere one 5-yea r-old and two

3 I/2-year-old, crib-bound, profouniJ.y retarded cirildren.

Following six basel-ine sessions, al1 subjects ivere ¡:lace'J

on a CRF schedule of reinforcenenE. The 5-year-oId

achieved a relatively high and stabLe response raEe after

several sessÍons and rtaintainerj nis trigh raLe across 26

of 30 sessions. During subseguent extj.ncLion sessions,

his response rate dropped Lo zero aft.er six sessicns.

The two younger subjects showecl no cirange in rêsponse

rate d ur ing Ehe fi rsi seven cond i tioning sessions so t(te

contingencies rdere changed to an avoioance schedule. One

of the subjects responCed at. a Lrigh rate on t.his
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schedule, and during subsequent ext.inction ' res¡:onding

dropped to zeyo after three sessions" 'ftre tlrirci sui>ject

d ispJ-ayed no changes in resporlse rate to schedul-e

nanipulations. In surnmary, che Griffin et a1. stuciy

found hiqhly reliable conditioning of gross motor

behavior in tr./o of three subjects r,¿ith vii¡rat,ion serving

as a positive reinforcer in one case and äs a negative

reinforcer in the other case.

l,lurphy and Doughty (L9'77) trained severaJ- r'lPillt

subjects, aged 9 to 20 years, to perfornt contrro1le,i ârrrl

movement.s. Four subjects were reinforced on a CRI"

schedul-e with a 5-sec present.ation of vibraticn eaclr tir,te

t,irey puIled on a handl-e to which t.l'te i r hand Lrad oeen

tied. Another tirree subjects received Llle satile

reinforcerùent for pressing on a plexiglass ¡:ane1. af ter

response rates had increaseci rel-iabIy over basel-ine rates

for all subjects, the procedures were r¡ociifiecl. l.'ile

sub j ects r,vho pulled tl'¡e hanclle were now requi recl Eo uo so

ivithout their hand oeing tied to Lhe i:andl-e and a greater

force lJas required to operate tire r,tanipuJ-antìui;r. These

changes produced a sharp decrer.ìent in response rate for

handle pulJ.ing fol-lowed by a return to the itigit rates

evidenced in t,he first phase of condiLioning. 'lhe titree

subjects who [ranel pressec] -w-ere sv¡itcired Lo all ¡li-5

schedule which produced a sharp increase in rate of panel
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pressì.ng 
"

iìera incJ ton , Foxen , ancl tiogg (I977 ) exam ined tìre

effects of several auditory reinforcers on tire rat.e of a

lever pull ing restronse. In Experiment 1, four ilPr{il

subjects pul1ed a Iever for audit.ory reiniorcentent wltic¡t

varied f rom 2 co 5 sec. Three types of ntusic ( riiynes '
blues, and Spanish drum rnusic) were testeo as PoEential

reinforcers. when a subjectts response raLe increased

rvith a particular cornbinat,ion of music and reinforcer

iuration, the sarne combinaEion vras used in at Ieast one

subsequent session, and if it ¡>rove<1 ef f ective, the

schedule of reinforcernent. lvas graduaLly increasecl iroit

the init.ial Ciìt¡. This procedure yielded efiective

reinf orcers Í.or three of the iour sui> j ects. iioviever, the

results sho'.ved that tile schedul-e of reinforcer'rent. had to

be kept very l-ow to rnaintain responding. Tile subjects

were found to satiate rapidly wiLhin sessio¡rs but tne

phenornenon of sudden response rate decrefitent v¡hrcit xice

eL al-. (1967) had noted, did not occur. In a second

experinent., tr'/o of Ehe subjects Êroin Ðxperit¡ent l- 'were

tested with both mixed and rnultiple schecluLes ol

reinforcenenE. Tt¡o scheduLe components \rere ernployecÌ: a

CRF schedule using the effective reinforcer froin the

f irst experirent and a CRF schedule using a 500 tlz tone.

ChanEing intensity of room illumination served as
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discriminative cues for the tivo schedule corùiionents wheu

the multiple schedul-e vias in ef f ect. The resuLts showei,

with the rnultiple sciredule, that, the subjecE,s ilad

distinct preferences for auditory st,itrtulation. üne

subject preferred the music i¿hereas the othey preferred

the tone.

The final tr¡o studies in this review aclcl to cire

f indings of Renington et al . that discri¡nÍnative

behavior can be established in l'ÌPI"iLì inc.liviclual-s. I'tacilt

( 1971) developed a procedure for deterr,rining tne visual

acuity of nonverbal sul¡jects. In his st.udy, one of tÌre

subj ects appears to be sir¡il-ar to Etie LyPe of chilci

discussed in the preceding articles. Tne suþject ' a

7 -yea r-old g i r1 rvi tii Downr s Syndrotrìe , lJas non-verbal '
nonalnbuì.atory, and not toilet trained. 'file sui:jecE.s were

trained to press a lever when a letter rr Err v/as ¡.rresenLed

in Lhe correct orientation and not to press Ene Lever

when the letter !/as in any oLirer orienEation, or not,

v isible. By plac ing the let.ter in i ts correcL

orientation at varying <iistances frorn the subject ancÌ

comparing Ehe frequencies of reslJonses at eaci-t clistance'

the experiinenter v/as al¡le Lo cieterr¡ine an esti¡nate of

visual acuity. Ttre subject in question performecl âs

reliably as the other retarded subjects at this LasK and

all the subjects dÍsplayed a high leveL of <iiscriminative
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anotÌrer câse of trre

ì-lowever, tire Lever

e for rnany severeLy

One subject derììonsEraLed

CRF and response-inie¡;endent

Haskett and Hollar (1978)l in E,wo exper iilents,

invest.igated the abÍlities of four l.lPl4R children Lo

discriminate response-dependent and response-incie¡:endent

sLinruLation. The operanE, response consist.ecl of

depressing a large v¡ooden lever. In Ehe fi rst

experiment, conducted in a ciarj< roont yèinforcer',tent.

consi sted of a 5-sec per iod of room ill urninaLion. 'lwo

subjects rvere exposed to Ehree conditions: Ctil',

baseline, and response-indepencìent reinforcemeirt. Botit

subjects dernonstraEed ,jiscriminaLion of the CIìF ancl

baseline conditions v/ith a greater percent.age of Lir'¡e

spent lever pressing under CR,c cond iLio¡ts L.han uncjer

In the second

were exposed to

training (or DRO

consisted of a

I'lessiah) . One of

ex per inent , the o the r Ewo

Lwo conditions: CRI'and an

) schedule (S-sec) . Rein

5-sec presentation of r,iusic

Lire subj ec Is d i s¡:] a yed d i sc r

suDl ec fs

oinission

forcene¡rt

(äanc.l el-'s

iiir i.¡iation
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betiveen ihe two schedulesr êVidenced by high response

rates under CRF ano 1ow response raLes under oriìission

training.

Haskett and tlollar I s study demonstraLed Ehat Lrrree

of four i"¡PivlR chil-drenr s operant responding could be

readily controlled by sensory reinforcement anci Lilat a

discrirnination co uld established oet,ween

r e spo n se- con t i ng en t and r espo nse- ind e ¡:enci en t co nd i t i o ns

of reinforcement. The authors conclude that i.l Pr"lR

children nave more sopnisticated behavioral- potentiaLs

than observation of their behavior in an institucional

setting woul-d suggest.

Sunmary

Ttlese stuoies of sensory reinforcetnenE irrovlde a

basis for future research by indicating sorne of tne areas

of particul-ar concern for studies of Lire t'¡Pl'ltì cìli1d.

They indicate that the choice of a response to serve as

an operant must be nade wi th part.icular care to avo id

problems such as those encountered by Friedlancier,

lvlcCarthy, and Soforenko (L9'c7 ) rvirere tÌie oICer suoject

\das able to perfornr the response l¡ut had great difficulty

in cÌrang ing the l-ocation of his response. ICealJ.y, t.he

be
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response shoul-d be one that a suì¡stant.ial proportion of

t.he NPi4lì population extlibi ts so t.ha t. a training prog rai,l

has general applicabil-it.y to rnany indj.vidual-s.

The niajority cf the studies of the I'iPl'11ì ¡,o¡;uI¿ri.ior-.

userl sensory re'inforcers in Ehe f<¡rln of visuaL sLiinul-i

(2 stuciies), auCitory stir¡ul-i (3 studies) , anc.r tactile

stinul- i ( 4 stud ies) ind icating that these classes o f

stir;rul-i sliould receive considerable use

research and applÍed prograrns.

in future

'I'lle generalizability of these studies is li¡riIed lrr

several- areas. Since so few subjects v/ere er,i¡tloyed irl

each study (range = I to 4), it is not possible Eo

generalize about the effectiveness of t.ne varÍous

procedures for other i\Pi{iì cì:¡i1dren. Control iJrocedures

'vJere sornetimes absent or irradequaLe, thus lii;ritin.¡

int.rasub j ect general i zation. Ëor exan¡:1e, r¡f eleven

stud j.es, only four included procedures to contrcl- for

possible eliciting or arousing effects of rei¡iforcetnertt,

baseline data hrere inadequaEe or absent in three studies,

and no reversal data were collected in seven stu<]ies.

All of the studies employed CRÌ- scheclules of

reinEorce!;ìent and several also âttetnpted to conErol

behavior v¡ith more conplex schedufes sucfr as FR (l4urpny &

Dought.y), DRO (iiaskett & Hollar) ' rnultiple sclredules
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(Criffin

aE least

ernplo yed

AN Overviev¿ of the Tl:esis Exgeriinent,s

Tire four experir',rents described in tìris tiresis

represenL atiempts to deveLoP Procedures for the operanE

conC itioni.ng of head turning reslJonses in l{Pl'11{

adolescents.

Ttre head turning response was selected on t.he IJasrs

of an observational- study conductecJ on tlie sartìe subjecE.s

',vho served in these experiL,tent.s. hnit.eley and üewson

(iv*ot,e 2) observed each sucject for eigìrt 30-mi.rr periods

and found thaE. the head turning response !'/as a Eross

noto:- response emitted by every subjecc. It was aLso

noted t.hat several of them etnitLed iread turning responses

subsequent to hearing a voice or being touched. The heacl

turning response has beerr established as a concìitionable

response in human infants (e.9. Caron ' L96l).
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In the f irst two experinents, the stiinul-us tesEecÌ

for Íts reinforcing effecEs was a 5-sec presentation of a

multi-nodal sensory event consist,ing of music, pictures,

and vibration. A rnuLti-nodal- stilnulus vras used in an

attetnpt to ensure E,hat all the sub j ects wouLd be ex¡;oseci

to aL least some sensory stiinulation, Ín Iigirt of known

or probabJ.e sensory impai rments suf f ered by sotne o f tiie

subj ect.s ( see A¡:¡:enC ix A) . In adci i tion, i t t/as assurneci

that such an event might rnaxir¡j.ze tire reinforcin.3 val-ue

of the stir;rulation. None of Eiie previous stucties rvit¡l

rlPt'lR subjects have conbined auditory,

vibratory sEirnuli.

visual, and

In the firsL two experilients, both a CllF scnedul-e oi

reinforcement and sciredul-e oi differential

reinforcernent of ot,her behavior (DiìC) lrere entployeci. 'file

CRF scherl ule wa's seLected as i t has proven co be an

effecEive eJay to control the beliavior of i.lPr4iì subjects.

The DRO procedure was chosen Lo serve as a concroL Ëor

the possible el iciting or arousing ef f ects Eitat Lire

stimul-ation might have on head Lurning behavior. If tire

ÐRO schedufe lvas found Lo suppress iread turnin,J ',tirile CRI'

produced increased rates of responding, Lhen the arEur,tent

that head turning Íncreased under CRF due to Liìe

contingent effects of reinforcemenL v¡ould be considerabì-y

stren(Jthened. A second advantage of Lhe DRO scneduLe .âs
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a control procedure is that iL can itselt yielci

infor¡¡ation about t.he condit.ionabilit,y of tiie suDlect.s.

The ini ti aI methodolog ical or ientat.ion vras based on

experimental designs ernployecl in riìany infant operant

conditioning studies using sensory reinforcenent. The

first experilnent. employed baseliner conditiorring, a;rc1

reversaL conditions in each session; a procedure siurilar

to Siqueland ancl DeLucia's (1969) stucly with infants.

One major difference between the Siqueland et al. study

and the present research was tnat in Ene firsL two thesis

experÍments there \.iere tv/o groups, one receiving CR¡

during conditioning, and one receiving DRO. The a¡,proaci't

to the study of the profoundly retarded based on tlle

designs of infant studies has Deen sugEested in reviervs

by Webb and KolLer (l-979) anci Weisberg (I97I).

In Experir,rent l, 10 sub j ects were ex¡:osed to four

30-min sessions each containing l0 ntin of i¡asel ine, lù

min of condit.ioning, and I0 nrin of reversal. [¡ive

subj ects r,{ere on a CilF schedule dur ing cond itionin,S and

five subjects were on a DRO (5-sec) scheduLe of

re inforcenent. In the second exloer ilnent., there rrere tivo

30-nin i>aseline sessions, eigirt 30-mi¡l conditioning

sessions, and t,v¡o 30-min extinction sessions. During the

conditionLng sessions, sui>jects iJere ex¡;oseo to Lhe satiìe
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contingencies they had received in Experiment, l.

Of t.he oriEinal ten subjects, only sevenr sclecLecì

on the basis of Eheir high scores on a sensorimotor LesL'

served in Ex¡:erirrrent 3. Because t.he DRO Procedure was

ineffective in the previous two experirnenEs, all of the

subjects v/ere exposed to CRF contingencies onì-y. 'i'lte

corlposit.Íon cf t,he contint¡ent stirnuLation was variecl by

reraoving the vibration component after severaL

conditioning sessions. There were from I 0 to I4

conclitioning sessions and four reversal sessions.

In the fourth experiinent, nine of tÌre origirraJ- Le¡r

subj ects vrere ernpJ.oyeC. The cornposicion of Er)e

contingent stirnulation was varied systenìatica1ly, rle!v

apparatus was ernploye<ì, session Iength was shorteneci Lo

I5 nin, the nurlber of baseline ancl conditioning sessicns

was increased, and pi-rysical prompts were ernpJ.oyed in a

sysienatic rnänner. This \.ias Ehe f i rst. st.udy i¡i tÌ¡ ;iPi'iR

subj ects to systen,:ticalIy vary the conEent .-;i a

multi'modal- stir,lulus in an at.tenpt to iclenti ly an

ef f ective reinforcer fcr a particuLar sui: j ect.

These four exper inents represenL aLteilt¡,ts to cìeve1o.,

proced ures for the cond i tioning of NPi4R subj ects whict-r

rvi11 be generalizable to other iriPr4R individuals. As a

consequence of this goal, the studies differ frot¡



Page 30

prev io us ex per Íments in several respecLs " These

experiments ein¡rloyed more subjecE.s than all prevj.ous

st,ud ies. The novel response of head turning lvas selectec

because it Ís one which rnost NPiliR subject.s are able to

perform. The procedure in the fourth experiraent prcvi.les

a systernatic approacìr Lo identi f ying sensory reinfcrcers

f or particul-ar subj ects, and t.hereby addresses Ene

problern of variabl-e reinforcer preferences in i.tPr4R

individuals.
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'flie first experiment had t,wo major goafs: (a) Lo

investigate tire use of rnuLti-l,rodal sensory stirnul- i as

reinforcers for the conLrol- of head turning behavior, and

(b) to examine Èhe effects of two schedules oi

reinforcement, CRF and DRO, on the behavior of i.lPrlR

sub j ects. It lras predicted Ehac the CRF scnedul-e ivould

resuLt in increasinE rates of head turning across

sessions; r.ilìereas, the DtìO schedule "uoulcl 
su¡:press Llead

turn i ng krehav ior .

f4e t,hod

S ubj ec ts

Ten subjects, three boys and seven girJ.s, irom the

Parkhaven i,Vard at. the llanitoba Scilool for i<eLardaEes in

Portage 1a Prairie served as subjects in Ehe stLrdy.

Their rnean age lvas 15.91 years, wi th a range of 1I.25

years to 29.17 years.

'Ihe subjects had been assigned to this warcì on tire

basis of Eheir severe r,rental and physical handicaps. All

had been d iagnosed as profoundly reLardeci and ilad at

least one rlajor physical disabiì-ity; tire cìiagnoses

i.ncluded cerebral pa1sy, pâraIysis, epilefrsy, scoliosis,

congenital defornities, and spast.icity. These subjects

required total nursing care as none of tÌ:em displayed any
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self-help behaviors and only one subject '!ias able Lo wal-k

short disLances with assist,ance. The subject.s spent.

Eheir days eieher lying on mats or i¡i rvheel-chairs in t.he

day room. À detailed description of the sui:jects appears

in Appendix À. All nanes eraployed in the text are

pseudonyrns.

Apparatus

Testing of Ehe subjeces took .olace in a bedroorn

approKimately 3- x 4-m. The subj ect was lain in a

stanclard hospiLaJ. crib surrounded by a screen on all four

sides to reduce <listract.ions. 'lhe arrangement of the

apparetus is sÌrown in Figure I. A l"1undo "RefresireEte"

massage uniEI was placecì uncier the subject's back anci E,ile

vibration setting ,.v'as at gent. Ie. The nanipulandur,r

consi sted o f a 20- x 20-cm padded boa rd , wh ich was ¡r1acecl

under the sub j ect' s iread , wi th a 20- x LC-cr,r iraclded ooarcj

projectinE vertically on each side of the nead. Pressure

on either of these verticaL boards caused tire operation

of a microswitch. A Kodak Carousel projector was used to

projecE colored slides of people ancì drarvings from

childrenrs books onto a fJrojection screen, 4C- x 40-ctn in

f'lanuf actured by i,lundo Enterprises Linrited, tsox I023,
PostaL Station A, Vancouver, tsrit.ish Columbia.
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si ze, which \.das suspended above the end of tire cr ib at a

distance of about 1.5 i'ù f rom the subjectr s i-ieaci. Located

ouL of sight behind the screen rvas a speaker connected to

a tape recorder containíng a tape of children's songs.

Prograning equipment auto¡iaticaì.1y control-1eci

presentation of the vibration, pictures, ancì music.

Responses vJere reco rCed on co unters and e c unul-at ive

reco rder .

Proced ure

Each subj ect ç/as cested fcr one 30-rnin session on

each of six consecutive days. ÀE the beginning of eacir

session, the sub j ect was placecj in tire cr j.b in a su¡:ine

position, and if there v/ere no signs of distress, tile

experimenter withdrew from view. Each subjecE. \ras cesteel

aL about tire sarne time each day.

The first t\./o sessions served to deterrrine basel-:.ne

rates of head turning. Subjects were renk ordered on ttle

basis of rates of heai Lurning displayed cìur ing tire

baseline sessions; odd numbered ranks were assigned Lo

the DRO grouil and even numbered ranks were assigned Eo

the CRF- group. A coin Loss reternined v¡hich grouii'

received Lhe even or odd ranlrs. ['acit oi tire four

experinentaÌ (ABA) sessions 'yiere civiCecl into three
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pilases for all subjects. 'l¡le iirst ten rninut.es of eacir

session served as a basel ine per iocì ,lur ing v¡ilicir heaci

turn i ng responses ''/ere reco rded but no re inf o rcenenÈ 'was

presented. 'lhe second 10-min per iod \das a cond itioning

phase, and the final ten ninutes was a reversal period.

During t.he conditioning pllases, subject.s in Croup

CRF received a 5-sec presentation of a rnul-ti-CinrensionaL

stinulus consisting of vibrat,ion, iuusic, and a picture

following each head turning response. Subj ecis in Group

DRO receivecl a 5-sec presentation of this r¡rulti-iaodaL

stimuLus following any l0-sec period during v¡hich no head

turning response was erritted. A I0-sec ¡:er iocì start,ed aË

[he beginning of the session, fol1owÍng termination of a

siimulus presentation, or follo'.ving

response.

iread turning

Results

Basel ine Sessions

Each baseline session r"as clivided

íntervals. 'fhe response rate (r,/r¡in)

eacir interval Lo facilitat.e comparisons

sessions and conditioning sessions.

into three I0-nin

was cal-culated for

beLween SaseL ine
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'fhe group and inciividual i:aseline response rates

appear in ['igure 2 and figure 3 for CRF and DiìO

condieions, respectively. These fig ures ind icate

considerable varial¡iLÍty anongst baselj.ne response raEes

both lvithin and bet,ween subjects. ['or Group DRO, the

overal-1 mean rate of baseline responding was 1.71 r/nín

and the rneCian was .73 r,/r:rin; wÌrereas, for Group CRIi',

the rnean basel ine response rat,e lvas .17 r/nín anci t.he

rnedian rvas .60 r/min. The princi¡:1e reason for tiris

large discrepancy in rnean rat.e of respoìlse \,r'es Ehe

extreme score of one subject in Group DRO. 'Ihis subject,

Tiin, responded over three t.imes as often âs tÌre next

highest ranked subj ect.

A scattergram of ce11 rneans and stanoaro deviaEions

indicated a high positive correlation between ihe t,ivo

variables. Tlre cì ata ivere iransforned according to tI¡e

formula * = fx + /Ã- ancl a scat.Eergraüì of Lhe mea¡rs and

standard deviations of the transforined scores irriicated a

near zero correlation. À mixed analysis of variance vras

computed using the transfonned scores with Grou¡:s (Ci{r- vs

DRO) as the between-subj ects variable, and Lwo

r,¡ithin-subjects variables, BaseLine Sessions (l vs 2) antl

IntervaLs (lst vs 2nd vs 3rd ten minute period). A

sunmary of t,he analysis aírpears in Table I and inoicates

that there vJere no signi f icanÈ ef f ects.
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Table 1

Summary of ANOVA of Transformed Baseline Data

Source SS df MS F o!
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4.s36 L 4.536 .723 .420

50.27I I 6.276

Groups

Error

Sessions L.467 I I.467 .80û- .397

Sessions x Groups 2.624 L 2.624 1.431 .266

Error L4.665 8 1.833

Intervals .832 2 .476 .728 .498

Intervals x Groups .253 2 .L26 .227 .804

Error 9.L45 L6 .572

Sessions x Intervals .448 2 .224 .56L .581

Sessions x InÈervals x Groups 2.785 2 L.393 3.492 .055

Error 6.381 L6 .399
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ABA Sessions

Each subject's ¡rulnber of r esponses for eactl

condition (Baseline, Conditioning, Reversal) for eacn

session \./as cjivided by 10 Lo give response rate iier

minut,e (r,/min) . As was the case wi th the basel ine daEa,

the cell neans and standard deviations in úxperinent. I

rrere highly correl-ated. The mixed AIIOVA isas tnerefore

computed using scores transforrned Dy Lire iori¡ula

x = ,ß + "Tx+I. in the anal.ysis, Group (CRF vs Dtlü) was

the between-subject.s,¡ariable, ani Conciitj.ons (oaselirie

vs conditioning vs reversal-) and Sessions (3 to 6) ivere

within-subjects variables. The Ai\OVA IJrogranì also

perforined orthogonal trend anal yses on ihe

rvithin-subjects variabl-es. As can be seen in 'fablê 2,

there ',Jere sÍgnificant inain effects for sessions,

I (3,24) = 4.03, P = .0I9' and for Conoitions'

I (2,I'o) = 4.05 , ? = .004. 'fhe ort.hogonal coinparison for

linear Ërend for Sessions was significant,

I (1r8) = 7.58r p = .025, and the orLhogonal corÌìparisons

ior both Linear and quadratic trencis for CondiLions were

significant, F (1rB) = 5.86, p = .042¡ I (l,B) = L0.55,

p = .0I2; tl-re quadrat.ic Lrend hacl the highest I'-ratio.
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Table 2

Sun:nnary of ANOVA of Transformed Experíment 1 Data

Sourc e

u
Error

s (1)
s(1)c
Error

s (2)
s(2)c
Error

s (3)
s(3)c
Error

S

SG

Error

c (1)
c(1)c
Error

c(2)
c(2)c
Error

C

CG

Error

JU
SCG

Error

SS

2, OO2

27.790

6.876
. 001

1 1C./,

r.640
.043

5. 963

.001

. L54
3.693

8. 5I7
.199

16.910

2. 648
.300

3,616

4, L90
.546

3.L79

6. 838
.846

6.795

1.039
1.293

14.600

.569

. 708

P

.469

.025

.973

.L76

. 815

.96s

.579

.o\9

.963

.042

.439

,012
.27 5

.004

.391

.753

.644

df

1

8

L

1_

8

1

1

8

1

1

8

1

1

8

EMS

1

1

8

3
3

24

2
¿

L6

6

6

48

2.002 .576
3.474

6.876 7.584
.001 .00L
.907

L.640 2.200
.043 .058
.745

.001 .002

.L54 .334

.462

2.839 4.029
.066 .094
.705

2.648 s.8s8
.300 .664
.452

4.r90 10.545
.546 L.374
.397

3 .419 8, 050
.423 .996
.425

. 173

.2L6

.304

Note. G = Groups (CRF vs. DRO) ,

(Baseline, Conditioning, Reversal).

the order of orthogonal comparison:
(:¡ = cubic.

S = Sessions, C = CondiEions

Numerals in brackets denote

(1) = linear, (2) = quadratic,
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r/min
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Mean response rate for all subjects in
ExperimenË 1 for sessions and for conditions.

I'igure 4.



The overall neans

appear in L-igure 4.

Sessions resulted from

sessicns 3 ehrough 6

for Conditior-rs was due

from the basel ine to

decl ine in response

reversal phases.

Groups and Conditions

tha t the DlìC and CÌìF

differential effects
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for Sessions and fcr Conditions

The signi íi.car-rt I inear Erend for

the decline in response rate fron

. The significanL quadratic tre¡rci

to an increase in response rate

conditioning phases follorved by a

ra te from the cond i tion i ng to

The pred icted interacticn betrveen

lias noL significant, indicacing

conditioning proceciures did not ìrave

on tlle subjects' behavior.

The f ind ing of an invertecl U-sllaped quad ratic trencl

for Cond i tions suggests t.haE the CR!' proced ure ¡iay irave

been successf u1. lÍo'wever, €xâriìination of Eigure 2, which

con ta ins i nd iv id uaI and g ro up riìeai-ìs f.or Cro u¡r Cr{ii,

ino icaLes t.hat. in no case did ân indivictual sub j ect

demonstrâte consistent.ly higher rates of responding

d ur Íng cond i tioning phases than in l¡asel ine or reversal-

phases. The overaLl mean response rates in the baseline,

conditioning, and reversal phases v/ere .61 r/nin,

.1L r/min, and .46 r,/min respectively.

Exarnination of Figure 3 sirnilarly indicates a

f a il ure of the DRO procedures to produce tire pred icterl

effecis on response rate. Rather than reiucing
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responding, tiie DRO contì.ngency tended to resuLt i¡r rates

of responcìing during condit.ioning pirases \,riìici) iiere

higher than the rat.es observed in basel ine anci reversal-

phases" The overal-1 mean rate of resgonding i¡r tÌre

conditioning phases v/as I.39 r,/nrin while tne rnean rat.è

during baseline phases was .83 r/nrin and the tÍìean rate

during reversal phases !./as.56 r/r¡in. In 19 of the 20

individual sessions, response rate in tile conditioning

phase vJas as Ereat or greaEer than response raLe in Ene

reversal phase and in half of the sessions response rate

in the condit.ioning phase was greater than response rate

in Lhe basel ine phase . These resuL ts api)ear to be Lne

main source of the cveraLl- significant quaclratic trend

for cond itions which was found in tLre A¡¡OVA.

The results for four of E.he five DlìO sr-rbjects (t'1ona,

Ruy, Tin, and Sheila) indicate tnat, during Lhe

cond i tioning phases, response raLes dec* ined sirar¡;1y

across sessions. This trend is apparent across al-L iour

sessions Eor i'lona and Ray and across the first tÌrree

sessions f.or 'i'im and Sheila. The fift.h sul¡ject, Jeatr,

d isplayed very lov¿ rates of responding in all four

sessicns. Within sessions, Jean dis¡.l1ayed a clear Lrencì

of decl ining response rates f ro¡:i the baseL ine Eo tire

reversal phases. This resulted fror:r Ehe subject reriloving

her head from the apparatus during the conciiLioning
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pha ses

Discussion

The resul ts in<i icate E.ha t ne i the r t,he CRF no r Ei)e

DRO conci it.ioning procedure was ef f ective in conirolling

sub j ectst iread lurning behav ior in the ¡:red j.c Ee<i inanner .

Tire findÍng of higher overal-l- reslronse râtes in

conditionÍng phases for both groups suggests tirat.

presentation of t,he r¡ul-ti-dinrensional st.inulus elicited

head turning responses or raised general act.ivj.ty Levels.

The decline in response rates across sessions nray have

been due to an j.nit.ial response-eliciting effect of rhe

novel experir¡entaI situation ivhich habituat,ed as a resuL E

oE repeat.ed exposure to the lest.ing environrnent.

The procedures of Experiment I faiLed to demonstrate

the control of head t.urning responses by eitirer tiìe Crit'

or DRO scheduLes of reinforcemenE,. These resul-Ls are in

contrast t.o the successf ul- cond i tioning of inf ants by

Siqueland and Del ucia (I969) and Caron (1961) 
"

'Ihere are rnany possible reasons for the faiLure of

tlrese experimental- procedures. First, there nay have

been an insufficient number of conCitioning sessions for

learning to occur in these individual-s. Second, Llle



conditioning period

brief. Thirdr âny

eL iminated by Ehe

periods. Fourth,

not irave been a posi

The resuL ts o f Ex

these aspecE,s of

experilnents.
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within each session,¡lay have been too

learning that did occur may have been

subsequent reversaL and basel ine

the rnulti-dirnensionaÌ stir¡ul-us nignt

tive reinforcer for these subj ects.

per irnent 1 1ed t,o t.he rnod i f ication of

the proced ure in t.he subsequent
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EXPiIRII'iEI'JT 2
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The second experiment was conducted in an attempt to

cvercorne t.i¡o of the l imitations o f Exper iinent 1; the

snall arnount of tirne devoted to conditioning j.n eacl¡

session ancj the l imited nu¡nber of sessions. It rvas

hypothesi zed that a larger numi:er of sessiot-ts in v¿hich

the contingencies remained constant iuould enhance Ehe

liklihood of bringing head Lurning responses under the

cont,rol of sensory reinforcement.

i4e t irod

Subj ects

AlL t,he subjects frorn Experirrrent 1r except Geoff

(Group CRF) and Sheila (Group DtìO) ',vho 'v/ere unavail-able,

were ernployed as subjects in Ex¡.lerir,rent 2. [ach subjecc

was assigned to the sanle group as in ExperinrenL ].

Apparatus

The apparatus was the saiììe as

Experinent 1.

tha t. ern p1o yec in
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Proced ure

0x¡:erinenL 2 was beg un one weeK af cer the conclusion

of Experinent 1. Each subjecL receivecl L2 daily

sessions, ancJ dur ing cond itioning sessions they received

t.he same reinforcement procedures as Ehose er;r¡:1oyed in

Experinent I (i.e., eitirer CRF or DRO). Fo1lov;rng two

30-min baseline sessions, there v/ere eighE 30-rnin

cond i t.ioning sessions and then tls<¡ 30-min reversaL

sessions. Three of Ehe four CRF subjecEs receÍveci

prom pLs d ur i ng cne

prompt consist.ed

subj ec t' s head manual

the subj ect.

the conclitioning sessions. A

the experimenter rotating t,he

from a iiosition directly oehind

of

of

1y

Re sul- ts

The response rate (r/min) was calculated for eâch

session for each subject and the rat,es'yrere transformed

by tlre fornuLa x = ,F + ,,Ã . A rlixed ANOVÀ !r'as

comput.eC wi th Groups as the between-subj ects f actor, a¡rd

Sessions as the within-subjects factor. As can i:e seen

in Table 3, there were no significant F-ratios in the

anal-ysis"
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Table 3

Summary of ANOVA of Transformed Experiment 2 Data

Source

Groups

Error

Sessions

Session x Group

Error

SS

LL.7 6I

55 .135

3.903

r.977

27.527

LL.7 6r

9 .188

.348

170

.326

FMSdf

1

6

L.28

p

.30r

1.088 .384

.551 . 861

11

11

66
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The individual results fron Group CRt¡ apPear in

f-Ígures 5 and 6. Niki, Cindy ano Lorna sh¡ov¡ed no

evidence of conditioning, even af ter nanual prornpts iiere

used in Sessions 6,7 and 8, resi)ectively. Donna

gradually increased her rate of head turning frorn a 1eve1

in Session 3 (first conditioning session) just above

baseline rates to a high stable raEe in Sessions 7 to 10.

There was a rapid return to baseline raLes of resi)onding

in the reversaL sessions, 1l and I2.

The resuLts f rom Group DiìO appear in I'ig ures 7 and

B. Examination cf individual results indicates tl'raE the

DfìC contingency was llot controlling iread turning

behavior. Jean and i4ona emit.t,ed Ìow rates of resPondin,;

tirroughout baseline and conditioning sessions; wtìereas'

Ray and Tir,r displayed high rates of res¡:onding with

considerable variation bettueen sessions. Durrng

cond itioning, none of the subjects sho"vecl rates of

responding that differed consistent.ly from rates in botir

basel ine and reversal sessions.
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Mean responses per minute for two CRF subjects, Niki and Donna,

in Experinent 2 (P índicates prompts).
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CINDY
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Mean responses per minute

Lorna, in Experiment 2 (P

for Ewo CRF subject.s, Cindy

indicates prompËs).
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Figure 6. and
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Mean responses Per mínute

in Experiment 2.

for two DRO subjects, Mona and RaY,
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Figure B. Mean responses Der tuinute for
in Experirnent 2.

Lwo DRO subjects, Tim and Jean,
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Discussion

TÌrese results ind icat.e that, the Ctìb- contingency was

effective in conE,rolling the head turning cehavior of

Donna. The finding that Donna did not. reach a stabLe

rate of responding until the fj. fth conditioning session

sul)ports the contention that the procedure used in

Experiment I did not provirìe sufficient experience for

this subject to come under tÌie cont,roL oi- ¿ire CI{F

contingency.

The failure to conclition the otirer three CIì¡

subj ects may stern f rom a var iet,y of causes. In t.he case

o f Ni ki , the even t. prog rarned fo r re info rcenent agpeared

to be a nox io us evenL. Normally i'li ki appeared rel-axecl in

the crib a¡rd displayed occasional eye anci iranci iiìovÈnentsi

however , her typical react ion Lo t,he onse c o f tire

multi-moclal st,inuLus vras to i:ecore very tense a¡rd stiLl.

In the cases of Cindy and Lorna, Ehere was Li E t.le or no

reaction oi any kÍnd to cont.ingent stirnulaÈion. dot.Lr

subjects irere very quiet and unresponsive in generaJ-.

Tile DRO schedule of reinforcernent did not appear to

be controlling the behavior of any of Lhe subjects. One

possible reason for Ehe faiLure of Ll:e DRO procedure is

that responding had a relatively srnall effect on raËe of

reinf orcernent. Due to the design of the scheduì.e, i f a
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a stimul us presentatÍon, the

response did not ¡-rroduce any cielay in tire next

reinforcenent. A second problem with the DRO schedule

\{as t.Ì1ât several sub j ecis were respond int3 eL very f cw

rates during baseline sessions. A DRO schedule can only

be sho'"¡n to be controll ing behavior ç¡iren it suppresses

rat.e of responding, and such an effect is difficult, to

derronstrate v¡ith subjects ivho are resironding at â very

Low rate.

T'rvo add iLional reasons rvhich rnay account for the

failure of the DRO proceciure have been suggest,ed by Repp,

DeíLz, and Deit.z (I976). i'hey indicate thaE in studies

ivhere DRO iras been unsuccessiul, the effectiveness ol Lne

reinf orcer has not alrvays been clearly establ isired ¡ âFrri

the starting ti¡re intervals of tne DiìO scheduJ.e have been

J-arger than E.he average baseline interresponse tiines. In

ExperimenL 2, Lhe reinforcing value of tile sti¡nulus

presentaEion vras not cJ-ear1y established. In acicitj.on,

the time interval of 5-sec for t.he DRO schedul-e,tas

significant.J.y srnaLLer Lhan t.he average baseL ine

interreslronse t.ime for most of the subjects. It is

possit¡1e that extreme deviations either airove or i:el-ow

baseL ine interresponse tines are responsible for

ineffective conLrol in a DRO schedule.



In surnmary, the proced ures used in

successful in cond it,ioning one of the

and lrere unsuccessful in conditioning

subj ec ts "
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tixperiment 2 were

four CRF subjecLs

any of the DiìO
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E;(PERIIvIEI.¡T 3
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The aim of ExperimenE 3 was Eo rnodify t.he procedures

to bring head turning behavior of the sub j ects urnder tire

control of a CIìF schedule of rei.nforcement,. In this

experiment, there were Lhree rnajor deparEures frorn tiie

procedures of Experiment 2: (a) the rnost unresponslve

sub j ects rvere not used, (b) all sub j ects were ex¡.losed

to the CRF contingencies on1y, (c) c.he conìposit.ion of

the contingent sti¡iuLus v/as varied.

Several subject.s in Ex¡,eri¡nents l- and 2 appearetì to

be so unresponsive to sensory stirnulation Eilat i t was

assuned to be fruitLess Lo conE,inue working with them. A

sensorir,rotor test was devised to eval-uaLe tire sensory

responsiveness of Ehe sub j ects. ILems on t,he test

includecl visual fixation, visual following, and orientinE

responses to auditory stirnuli. A full description of t.he

test and the test resuL t.s appears i¡r Append ix ii. 'i'lre

test scores lvere bimodal (see TabIe B, Appendì.x r:). Of

Lhe ten subjects, four scored L¡etween 0 and 3, and six

scored between B and 14 (rnaxirnum possible score 17). 'fhe

1ow scori.ng subjecls, Cindy, Lorna, and Geof f f rom Group

CRF and Tim from Group DtìO, were elirninated fror¡ tile

exper iment. None of these subjects had shown a¡ry

evidence of conditioning in ExperimenEs I and 2.
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The DRO sched ule was not used in Exper inent 3

because of the very low rate oi responding of several

subjects. A DRO scheduLe can only be shown t.o be

controlling behavior when it clearly suilpresses raLe of

responding; therefore, there ivas no point in continuing

to use the sched ul-e wi t.h sub j ects resÉrond in.¡ at loiç

raLes" Because subjects from Group DiìO in ExperÍnent 2

had no prior e:<perience r,¡it.h the CR¡- scheduLe of

reinforcement, four exLra conclitioning sessions were run

for tÌrese subjects in Experilnent 3.

The same CR!' cond i t.ioning proced ures used in

Ex.ceriment- 2 were ernploye<ì in this experirnent, with the

exception that the conposition of the rnuLLi-r'nodal

stimulus h¡as varied. The principl-e variat.ion was to

remcve the v j.bration component for a number of sessions.

The behavior of i'liki in Experirnent 2 indicat.eC ti¡at the

contingent stimulus might be aversive and since vioration

rvas the inost noveL fo rm of stir¡ulation , i t was chosen as

the first component for analysis.

Because Experiment 3 was essentially an extension of

the CRF procedures of Exper iment 2, t,he reversal data

from Experiment 2 was used as the baseline for LixperirnenÈ

2
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Subj ects

Niki and Donna frorn Grou¡:

and Jean from Group DR0 se

exper iment.
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CRF and ,4ona, Ray, Sireila,

rvecl as subjects in tÌris

identical to tha t useci

Apparatus

'Ihe a ppa

Ex per iments I

ratus was

and 2.

Proc ed ur e

The ex pe r irnen t, rva s beg un two wee ks a f ce r tne

t,ermination of Experiment 2. The basic CiìF procedure ol

Experinent- 2,¿as used for all the subjects. Sucjects wiro

were in Group DRO in Experimeni 2 received 14

conditioning sessions ioÌ1ov¡ed by 3 reversal sessions and

subjects from Group CRF receiveC I0 conditioning sessions

followed by 4 reversal sessions. Tire vibration componenL

of the stÍrnuLus vJas withheld for the subjects frorn Group

CRF beg inning in Session 1; whereas for subj ects frorn

Group DiìO, the vibration component was Íetiìoved afE,er

Session 3. In this rvay, the three dimensional st.irnuLus

was presented under CR!' contingencies to subj ecEs f ror,r



Page 61

theGroup DRO for the sac,ìe number of sessions (eight,) as

CRF sr-rbj ects had received in Exper irrent 2.

The vibration component vras reinst,ated in Session 5

for Donna as [rer response rate in the first four sessions

had declined from the leveLs evidenced in Experiment 2

conditioning sessions. During the first three sessions,

Niki received 20 physical prom¡:ts during the first 5-rnin

of each session. The proinpted responses \'{ere not

inclucjed in tire data anal-ysis. Because this procedure

was not producing any spontaneous responoiltg on the ParE

of Niki, an additional component of the sti¡nulus, tnusic,

'was removecl on Session 3. For the renìaining eiEìrt

sessions, pict.ures alone served as the reinforcer for

this subject.

ResulLs

The data from Experiment 3 was not amenable to

statistical analyses as the individual subjects were

receiving clifferent treatments, the numi¡er of subjects

vras srna}1, and subjects frorn Group CiìF received fewer

sessio¡rs than subj ects f rom Group DRO" The ¡nean response

rates ( r,/min) per session !'rere plotted for incjivioual

subj ects. The nean response rat.e in the reversal

sessions of ExperinenL 2 is al-so indicatecj for eacl¡
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of She ila who d id notsubj ect , ivi th Lhe except ion

participate in Experi¡nent 2.

Two of the four subjects frorn Group DlìO, ivtona and

Ray, showed some evidence of conditioning under the CRF

cont.ingencies. During the first eight sessions, Iiona

(see Figure 9) responded aL a rate hiEher than in ner

Experiinent 2 reversal sessions; however , Ller rate o f

responding was stil1 very lov¡ and only t¡ìarginally greater

than her final- reversal races. Following rernova] of the

vibration cornponent of the stinrul-us in Session 9, i"iona

displayed an initial decline in responding in Sessions 9

to 1I followed by a sharp increase in responding in t.he

final- sessions; hovrever, the increase is not very

reliable in view of i4ona's variabÌe rat,e of responding in

Sessions I Eo B. iìayr s rate of responding v/as niL;nly

variable during the first eight sessions but Ehe average

response rate was slightly irigher than in nis

Experiment 2 reversal sessions (see F'igure 9), and hÍs

reversaL response rate in Experi¡nent 3 was below tile raE.e

displayed during conditioning.

The other tvro sub j ects f rom Group DRO, Jean ancj

Sheila, showed no evidence of an increase in response

rate Curing conditioning. As can be seen in !'igure 10,

Jean decl ined in rate from her Exper iment 2 reversa]
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Mean responses per Einute during condit.íoníng

and reversal for Mona and Ray Ín Experiment 3.

Thê arrow indicates terttrination of the use of
vibration.
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SIJEILA
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6 7 8 9 rOil
SESSIONS
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REVERSAL

14 15 i6 t7
REVERSAL

6789tOrr
SESSIONS

lulean responses per minute during conditioning
and reversal for Sheila and Jean in Experiment

3. The arrow indicates termination of the use

of vi.bration.

exP. z

figure 10"
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sessions, and her response rate subseguent.ly rose during

reversal . Sheila shov¡ed increases in rate of responciing

across the first three sessions then decl-ined to near

zeto rates of responding. Sheila \ras very light (vieigrrt

15 i.g) anci haC a smal-l head (ciiar¡nosed rnicrocepnalic).

She \/as oft.en observeC i.raking head tur{ìs',vhicrr failecj to

operate the microswi tches in the head Èurn apparatus,

particularly in t.he earLy sessÍons. These observations

nay indicaEe that Sheila r./as responding co Lire CRF

contingency ini tia11y, but tÌrat t,he behavior extinguisired

d ue Lo excessive response cost or Loo

re in fo rcement .

infrequent

Tfie two sub j ects f rom Group CRF shoçved very cl-ear

evidence of condit.ioning. During Sessions I to 4 witil

vibration absent, Donna (see ['igure ]-l) res¡:onded ai a

rate above her previous reversa.L rate but l¡e1ow the

2.5 r/nin rate attained in Experilnent 2 ',¿hen vii¡racion

rlas present. t¡iren vibration was reinstaLeo on Session 5,

her rat,e of head t.urning rose Lo about, 2 r/nin. During

Lhe four reversal sessions Donna's response rate was

initially very 1ow, rose for two sessions, anci t.nen

decl ined to near zero.
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456789
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Figure 11. Mean responses per mÍnute duríng condítioning

and reversal for Donna in Experiment 3. The

arrorr indicates termination of the use of

vibration unless other¡,¡ise indicated (VIB'

REI¡I" = Vibration Reinstated).
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During Sessions t (pictures, i-rusic, and vibration)

and 2 (pictures and music) , t'iiki (see Figure 12) showed

no change f rom Ìrer previous low rate of head Lurning.

For Session 3, the music conponent of the sti¡.ìulus rjas

also removed" The effect of pictures alone was dramatic;

by Session 5, Niki was responding at such a ltigh rate

thaE she appeared exhausted by Ll-re end of Ehe session.

The sl ight taper ing of f in reslronse rate in tne last t.v¡o

sessions represented an increase in ef f iciency in rtliki's

behavior. i'ihile response rate decLined, tire rate of

reinforcement remained almost consLant. This eias due t,o

the facE that responses ernitted during st'ilnulus

presentations rvere not reinforced. Reversal condi tions

resuLted in a return to near ze(o rates of responding by'

Session 13.

Discussion

This experÍment indicates Lirat for

were positive reinforcers, while the

pictures, music, and vibration and Èhe

pictures and rnusic were not reinforcing.

Donna, E,ire inclusion of vibration did

re inforcing; whereas , the Presence

i\ii ki. pi c tur es

combination of

cornbination ol

In Lne case of

appear to be

or absence o f
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Figure 12. Mean responses per ninute during conditioning and

reversal f or Niki in Experiment 3. The arror¡¡ indi-
cates terminati.on of the use of vibration unless
otherwise indicated (TERM = terminated).
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vibration had 1itt1e effect, on Lhe ot.her subjects, irlona

and Ray, had displayed sonìe evidence of conditioning i¡r

this exper iment.

The findings of reliable conditionin,J of two C}..ir

subjects and marginal evidence of conditioning of Lwo of

the DRO suL:jects indicate that sensory reinforcement for

head turning can be an effect,ive procedure. 'ihe l-acl< of

substantial changes i.n nead turning in DfìO su¡) j ec ts coui.d

stem f rom several causes. DtìO subj ects ivere only exposec

to two combinations of reinforcernent, i:oth of whicir traci

failed to produce condi.tioning in Nj.ki. Tite increased

response rate of She i1a and Jean dur ing the reversal

phase may ind icate that the cornbinations usecl viere

s1ight.ly aversive. In adCition, tire DtiO subjecLs lacrecl

the previous exposure to CRF contingencies e:(perienced by

CRF subjects in Experiinents I anci 2, and it is possible

that the effects of the first two experiment,s rîay have

confounded the results of Experiment 3.
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The preced ing exper ir¡enLs denionstrated that tr:e use

of. sensory reinforcement for iiead turning càn be arl

ef f ective procedure for so¡ne sub j ects " 'fite goal of E,Ìle

fourth experiment çvas to nodify Efre experi¡nent.al

procedures in order to achieve CRF conditioning atnonEsL

subjects who failed to condition in Experintent, 3. The

areas nodified in Experinrent 4 lvere: (a) the cotrìPonent.s

of t,he contingenE stirnulus; ( b) tl-re des ig n o f t ire

appa ratus ; (c) the nur:lber of baseLine sessions;

(d) the use of prompts, and (e) the session length.

The resul ts o f Ex ¡:e r imen E. 3 indicaEed tiiat E¡re

content o f effective sensory re in fo rceinent i s no t

homogeneous for differenL subjects. Dur ing Lire

conditioning sessions of the fourth study, Ehe tlrree

elements of the contingent, sEiinuLus were sysEeinat.ically

var ied in an attempt to f ind an ef f ective contbinat,ion for

each subj ec t .

The head turn apparaEus used in tire previous

experirnents had t.ivo serious drawbacks. First, i t

required a certain anount of force Lo operate; in the

case of at least one subject (Sheila), this force lvas

apparently excessive" Secon.l , Lhe subjecLrs iread was nol-

resLrained in the apParatus and a few subjects

occasionally renroveo their rteads fro¡n the apparatus" In
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this experiment, a nev/ apparatus lras ell¡-,,1oyed wliich

requi red almost no force to operate, whicir f unctioneci

equally well regardless of head size, and from wirich the

subj ect r¿as unable to remove his or her ireaci. Suo jec-us

r,rore an ad j ustable cap which transf erred rotaE.ional-

r,rovement,s through a cabl-e to a device wi'licÌr convertecl

rotation into sv¡itch cLosures.

The use of 30-min sessions in Experiinent 3 rüas

somewhat excessive as it produced cLear signs oi fatigue

Ín one sul:ject (Niki). In this experinrent, t.wo L5-min

sessions were run daily at different tirnes instead of one

30-mÍn session per day.

'Ihe numbers of baseline sessions and reversal

sessions lvere increaserl Lo eight. This change ¡rrovided a

sufficient number of dat.a points to perniE the use of

Tirne-Series AnaLysis (Glass, I,'iil-lson & Gottrrran, I975), a

statistical approach for analyzing changes in level- and

slope of data collected from single subjects.

Physical prornpting was erlployed systenìatica1ly tnus

ensuring t.hat subjects received some experience v¡j.cir eactr

of the various reinforcers.
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Nine of the ten subjects er;rpJ.oyed in ExperirnenE I
participated in Experinent 4" llach subject rras irretestecì

rvi th the a utho r' s sensor i¡no tor test. Low scoring

subjects who had not participat.ed in Experirnent 3,vere

included in order Lo examine the validity of the test as

a preCj.ctor of condiLionability.

l"le thod

Subj ects

Nine of the ien subjects wiro served in lJxperir,rent. L

were ernployed in this study. Ray, t.ire subject omittecl in

Exper irnen t !', had broken the aiiparatus on several_

occasions during the first two baseline sessions. Since

no silnple rneans couLd be found Lo protect the equi¡;rnent,,

it was decided not to incLude hirn in the study.

Apparatus

The apparatus used in

de sc r ibed in Append ix B.

conditioning apparatus vias the

t.urning ineasurement device.

Fig ure l3 ) consi sted of an

the sensorir¡otor test. is

The principJ.e change in ""he

ci ev e 1o pliren t o f a new ire ad

TIle ne!v äpparatus ( see

ad j ustable câ,c ivhici: ,¡as
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connecteC by neans of a cabfe Lo a plexiglass gear" When

the subject's iread rotated, Lhe core of tile cable caused

the gear to ro ta te and a n Íc rosv¡i tctr mo unted above the

gear closeci and opened each tirne a l-obe of the gear

passed under it. The lobes h/ere eight. degrees apart.

The microsv¿itch closures operated a predeternrining

counter set aL four, thus a response ruas def ined as four

swi tch closures or 32 deg rees of rotation of the gear .

A.n important functional difference betrveen tire oLd and

the nei/ apparatus vras that with t,he ne!ù apparatus a Ìreaci

turn response did not have to be a discret.e moveinent as

was the case rvi th the old apparaLus

apparatus , a subj ect needed only to

Wi th the new

c umuLate fo ur

S-degree novements in either direction. I'or example, a

subj ect could turn the gear lef t l6 degrees then r igtit. I6

degrees and a response v¡ould be scored. Due to this

functional d i fference in tÌre apparatus, Lhe data

collected in Iìx¡rerirnent 4 is not direclly coi,ìparable to

the data f rom Exper iments L, 2 and 3. 'f he f requency o f

head turns in Experirnent 4 shoulcì be viewed as a relaEive

measure of head turning activity, not as a frequency

measure of discrete heacl rotat.ions.
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Proced ure

Experi¡nent 4 was ilegun approxirnateJ-y one year after

the completion of Experiment 3" The basic procedure was

similar to that of Ex¡rerinrent 3. Each subject received

tivo I5-min sessions a day, one in t.he morning and one in

the afternoon. Tlie nurnber of head turns enitted during

each 5-min intervaL was recorded. '-lilere were eight.

baseline sessions prior to CRF conditioning and eight

reversal sessions follorving conditioning. During t.ile

conditioning phase, the various combinations of the three

stimulus cornponents of the reinforcer were ¡:resent.ed in a

systematic fashion. Subjects received a minirnurn of four

sessions r,vit.ir eacir combination of stiinuLi until- an

effective reinforcer was found. The sequence for

exarnining different combinat.ions of st.inuLi agpears in

Table 4. If a particular set of stirnuLi Cid noi resul-t

in an increase in rate of head turning wi thin four

sessions, the next set. of suirnuli iùas introduced. ',nllren a

subject's response rate, during the four sessions ivitir a

particular stiinulus cornbinatÍon, shov¡ed either a clearly

positive slope and/or a clear increase over Lhe previous

four sessions, eight additionaL sessions (crit.erion

sessÍons) were run rvi tir those sLirnul i to determine i f tiie

combination was an effective reinforcer. The reversal-

sessions l:egan af t.er the last cri ter ion session.
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Table 4

Sequence for TesËing Combinations

of Stirnulus Components

ORDER VIBRATION MUSIC PICTURES

++

+

+

+

Note. A tr-Lrr

componenË whereas

indicaÈes Èhe presence of a

a rr0rr indicaËes iËs absence.



Dur ing the fi rst 5-nin of each of the cond i tioning

sessions, except the eiglrt, cri terion sessions, the

experinrenter rnanually rotated the subjectr s tread once in

every 20-sec period in which the subject had not

responcied spontaneously. Ttlese prompted responses were

not incLuded in the data analysis.

Results

There. was one except.ion

i.liki started condit.ioning with

and vibration had noL been rein

and 3 wlri le pictures alone

reinforcer for NiKi.

Tirne-Series Anal-yses

I915) were computed for

the ARII'1A (0, I, L) model.

Analysis, the reasons for

of the cho ice of tire ARIMA

Append ix C.

The mearl rate of head turn

caLcuLated for each subject. for

were then transformeci to their

Page 3i

to t.he above proc ed ur e :

pictures only since rnusic

f o rc i ng in Ex per irnen ts 2

had been a very effective

(G1ass, lvil-lson & Gottr;ian,

the data of each subject using

A description of 'firae-Series

iUs use, and the justÍficat.ion

(0, Ì, f) rrìodel are given in

ing per rninute

each session

na tur al" log ar i

( r,/¡'¡in) !ías

and È.he ciata

thrns. 'i'his
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transforrilat.ion is recor'¡mended for Tirne-series Anal.ysis by

Bovrer, Pad ia , and Glass (t\¡ ote 3 ) in cases where oaE.a

showed large fluctuatÍons. 1'he data for each subject was

divided into three series in one of two v/ays. F'or Ehose

subj ects ,,vho d id not meet the cr i ter ia for r unning the

eight additional crit,erion sessions under any of tile

stirnulus combinations, the three series consisted of tne

baseline sessions, the conditioning sessions, and t.he

reversal sessions. !-or the rerrìaining subjects, the f irst

ser ies consi steC of basel ine sessions ¡:J- us aIl

conditioning sessions up to the session in which a nev/

stimulus combination was introduced wiricLr produced

criterion changes in response rate. T'he seconci series

consisted of all the conditioning sessions involving ttlis

sti¡nul us combination, and the reversal sessions forrned

the thi rd ser ies . Ti¡o Tirne-Ser ies Anal yses rre re coin¡,utei

for each subject; the first. anal-ysis cornpared the first

and second ser ies , and the second anal ysi s con¡:ared t.ire

second and t,hird series. It shouLd be noted that, in the

case of the dat.a for tire six subjects wÌro received ti¡e

cri terion sessions, the c.ìivision of t.he data into Ser ies

I and Series 2 v¿as based on the subjects' cirange irr

behavicr ancì not on a lori:-determined or randoi:r1y

deterrnined point of intervent.ion. Às a result the first

analysì.s cloes not neet the st.ancJarcl âssur¡t,.Jtions for
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Tine-Series Ànalysis.

The results of these anaLyses appear in l.'able 5.

Six of the nine subjects (Donna, Lorna, i'lona, t{iKi,

Sheila, and Tim) displayed a change in response rate

during condiEioning anci received the eÍght criterion

sessions. Two sub j ects (ivlona and i'lÍ ki ) showecl

statisticaly significant changes in the pre<ìicteci

cl irection for both level ancj sJ-ope in each anal-ysis

(Series l- vs Series 2, Series 2 vs Series 3), anc the

oEher four subjects had at Ieast one significane change

(s1ope and/or Level) in t,he predicted direction in each

anal-ysis. Amongst the other three subjects onJ.y one,

Cindy, sirowed any significant, changes. b'rom series 2 to

Series 3, Cindy displayed a positive change in leveL a¡r,.1

a negative change in slope, indicating that. response rate

rose initialJ.y at tÌre beginning of reversal but declined

subsequen t1 y.

The specific stilnulus combinations ernployeci for eaciì

subj ect are I i sted in Tabl e 6 " Of the three st, irnuL us

co¡.ìponents, pictures were i)resent for all six sui:jects

where conditioning occurred, rnusic vias present in four

cases, and vibration in t.hree. t\lone of t,ire six subjects

who conditioned successfully was exposed to all possible

stifi1 ul-us combinations, and onl y Lorna \Jas e:{posed Ëo :nore
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Table 6

Combinations of Stimulus Components

Enployed for -Each Subject in Experiment 4

SUBJECT STTMULUS COMBINATIONS

Cindy WfP, MP, P, M, VPa VM, V

Donna VMP

Geoff VMP, MP, P, M, W, VM, V

Jean VMP, MP, P, M, VP, Vl'f , V

Lorna VMP, MP, P, M, VP

Mona

Niki

Sheí1a VMP, MP

Tin VMP, MP

Note. Underli-ne indicaLes a combina-

ti-on resulting in significant changes in
rate of head turning. V = vibration, ,.

M=musícrP=pictures.

a ^.SAX SESSAONS

VMP

P
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than two di fierent combinations.

Ttre inean response rate per minute over sessions for

individual subjects are ploLted in Figr.rres 14 to 19.

Lorna (F'igure l4) Lrad a near zeyo response rate cìuring

baseLine and the first 16 conditioning sessions. In

session L7, Ehe fifth stimul-us combination rvas int.rocjucec¡

(vibratÍon and pictures) and Lorna displayeci a sudden

inc rease in response rate . lie t t esponse rate rose

drarnatically for tr,vo sessions and then decl- ined to an

average of about, f ive r/nin .rur ing t,he rerùaining

sessions" In reversal her response rate returned to near

zeto level s.

In Experiment 4, Tirn (l'igure 15) continued Lo

Cisplay the highest variability in response rar.e of all

the sub j ects. \lonetheless, the conrbination of ruusic and

pictures resulted in an increase in his response rate.

In sessions 5 to 16 his response rate was generally very

high and showed litt1e overlap with basel-ine and reversal

response rates. Because of Tirnr s great variablity j.n

response rate Curing conditioning and reversal L'wo

addiLional reversal sessions were run.

Sheile (F'igure l-6) dis¡-rJ.ayeo a near zero reponse

rate during baseline. iriren Lile pictures and rnusic

combination ivas inlroduced during condÍtioning, ller'
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I

F-------------T- s ERIES I

IORNA

R¡/MIN

10

BASEL¡I'JE REVERST\L

Figure 14. Mean responses per minute for each session with Lorna Ín
Ex.lerinent 4. The arror,¡s indícate orÌseË of new st.imulus

combinations (P = pictures, I'f = music, V = vibraËion).
Seríes 1, 2, 3 indicate Èhe divi-sion of data for Tine-
Series Analysis.

P
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Rt,MIN

10

l--sERrES r ----þ- sERtES ?----1.-srnrEs ¡-l

TIM

BASELIIVE coNDtTtoNti!G

SESS IONS
REVERSAL

Figure 15. Mean responses per uinute for each session wÍth
Tim in ExperiraenÈ 4. The arror¿s ind.icate onset

. of nerv sËimulus corabinations: (p = pictures,
M = nusic, V = vibration). Series L, 2,3 indi-
caÈe the division of data for Time-seri-es Analvsís.
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l--sERrES t--+- SERTES 
"___4_SER|ES 

J___l

SHEI LA

o/r'*

Figure 16.

CONDITIONING

SESS IONiS

REVERSAL

each session with,
4. The arrows

combinations

vibratíon). Series

of data for Tíme-

BASELINE

BASELINE COIJDITIONING REVERSAL

SESS fONS

Mean responses per minute for
Sheila and Mona in Experiment

indícate onset of new stímulus
(P = píctures, M = music, V =
L, 2, 3 indicate the division
Series Analysis

SERTES 2 ----+-SER|ES 3l
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response rate gradually increased until the final Lv¡o

conditioning sessions where there r,Jas a sìjarp increase in

rate of Lread t.urning. During reversal the decline in

response raE,e across sessions 'r,/as also very g raduaL ,

returning to near zeyo levels by the fourth reversal

session.

i'lona (Figure l6) responded aI near zeto rates during

baseline. During conditioning, her response rate

increased consistently across sessions and tiren rjeclined

sharply during the first two reversal sessions. On Ehe

last two reversaL sessions there tvas a slight increase in

response rate.

Niki (!'igure 17) displayed very irigh rates ot

responding during the early baseline sessions and it, hias

suspected that this represent.ed spontaneous recovery of

the high rates Niki had displayed in Experinent 3. Four

add itional basel ine sessions were run, anci E,ile last seven

basel ine sessions showed a noclerat.e ancl stable ràie o f

respond ing . As soon as contingent i¡ictures !/e re

introduced Niki's responding imnediately jur.rped to a hign

rate and continued t.o increase across t.he tr¡elve

conclitionin,¡ and criterion sessions. In reversal- irer

response rate dropped snar.oly in che first session ,aiiC

continued to Cecline until it reached oaseLine rates by
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f-- s ERr ES | 

---1-_ 
s ER,ES z ----=__*_sERr Es 3 _l

R/
/ MIN

10

BASELIÀJ E cot,tDtTtofitNc

SESS I ONS

Mean responses per minute for each session
with Níki in Experiment 4. The arrovr
indicates onset of ner,¡ stimulus combination
(P = pictures). Series L, 2,3 Índicate the
division of data for Time_series Analysis.

rrgure L/.
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the fourth reversal- session.

Donnars response pat,tern across sessÍons (!-,i,gure J_g)

r.vas very sir.rilar to the patterns she had cìisplayecì in

Experi¡nents 2 and 3" From loiv baseLine rates she

displayed a very graduaJ- and continuous increase in

response rat,e across tire first ten conditioning a¡rd

criterion sessions. During reversal, irer response rate
decL ined gradualJ.y across the eigÌrt sessions,

Amongst the other t,hree subjects, (Cindy, Geoif a¡lcl

Jean; s€e Fig ures l-B and l_9 ) , there 'was no ev icjence o f
conditioning. Cindy Cisplayecl a rnârg inal increase in

responding under the vibration-pictures cor¡bination so

two additionaL sessions were run under this cornbinat,ion;

however, her response rate fe11 to near zeyo in these t.wo

sessions. Jean dispJ-ayecl highly variable low rat,es of
responding throughout all of the baseline, conclitioninE,

and reversal sessions " Geoff reslJonoed at higrrly

variable rat.es during baseline, buE his resporìse rates

were cLose to zero Ehroughout all of the conditioning and

reversal- sessions.
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I

CONDITIONII,IG

SESS IONS

Rt
/ MIN

REVERSAL

ERrEs r- sERrEs .ñEnrEs ¡__l

,,
)INDY r I

ll,LPP¡¡r
IMMVVV,Y ln I o i i I ¡

-ç_.,_,*c._j\l\/ \ i Å:/\,) ^ Å^i/ \
BASELINE

Figure 18. Mean responses per minute for each session with cÍndy and
Donna in Experi.ment 4. The arror¡s ind.icate onset of new
stinulus con¡binations (p = pictures,. M = Busic, v = vibration).
Series 1, 2, 3 indicat.e the division of data for Time-Serj_es
Analysis.

CONDITIONi¡JG .

SESS IO¡JS
REVERSAL
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SERÍES 3.,I
SERIES I

JEAN

SERIES 2

CO\QITIONING

SESSIONS

coNDiTrCi.Jt¡tG

SESSiO I,IS

P
tr'l

I

BASELII{E REVERSAL

Rz/M IN

SeRles I -+- sERtES z

GEOFF

BASELINE

P
n4

I
I

sERtES 3 -J

RÊVERS;iL

Fígure 19. Mean responses per uinute for each session with Jean and Geoff

. in Experiment, 4. The arrows indicate onset of new st.imulus
conbinat.íons (P = pict,ures, M = music, V = vibration). Series
L,2,3 indicate Ë,he division of data for Time-Series Analysi-s.
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Discussion

The finding of reliable CRI'conditioning in six of
nine subj ects ind icates that Lhe i)rocedures ernployed in

this experinent \rere rnore effective than those of the

previous three experiments. Tite clata do not, ¡rerrnit,

determination of which colnponent,s of tlie new procedure

r{ere lnost irnportant in producing the conclitioning;

horvever, it is like1y that the three ¡;rincipal changes, a

low ef f ort response, pronpt,ing , and systernatic var iat ion

of the stilrulus components, all contributecj to the

success of conditionÍng in one or rnore subjects.

Examination of the various combinat,ions of stirirul-us

components found to be posit.ively reinforcing rvich

different subjects reveaLs considerai:1e heterogeneit.y

across subjects. I'our different cornbinations of
pictures, music, and vibrat,ion (Vi'{P, VP, i'iP, and p) were

required to achieve condit.ioning arnongst. six subjects.

Pictures were present in all six cases, music in four

cases, and vibration in three cases.

This experiment provided an opportunity to rneasure

t. lre useful-ness of sensoril¡otor testing as ã ,credict.or of

conditionability. In the sensorirnotor Lest, (see

Apperrrjix B) adrni¡'listered just ,urior Lo Ex..;eriiueiti 4,
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three subjects (Donna, Niki and sheira) receivect higtr

scores (12 or nore out of 17) while tÌre other six
subjects received very low scores (5 or less) " ALl three

high scoring subjects conclitionecl reliaìt1y in Èhe

experiment i,¡hi1e of the sÍx ]oru scorers, only tl¡ree

conditioned. This data indicates t.haL sensorimot.or test
scores nìay prove to be reliabLe predict.ors of
conditionability onJ.y ivhen test, scores are iiigh, ruhiJ-e

predictability of low scores is at a chance level .



GENERAL DISCUSSION
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Sunmary of the Fo ur Exper irnents

In Experinent l, subjects were e:<¡,osed to four

30-min sessions, each of which cont,ained I0-mÍn of
baseline, 10-min of condit j.oning, ano L0-rnin of

extinction" l,leither the CRF schedule nor the DRO

schedule of reinforcelnent lvas effective in controlling
the rate of head turning. lìigher response rates ciuring

conditioning phases were found across l¡oth groups as r¿elL

as an overall decline in response rate across sessions.
These two main effects suggest t,hat (a) the multi-rnotlal

stimulation either elicited head turns or raised gerreral

arousaL levels, and (b) the subjects habituated to the

experiment,al situation across sessions.

In the second exper iment., there were two 3 0-lnin

baseline sessions, eight. 30-rnin conditioning sessions ancì

two 30-min extinct,ion sessions. The IJrocedure was

essentially the same as in Experiment l_, with trrc

addition of the use of prompt,s in one session for cirree

of the four CRF subjects. Only one of tire four CIì.I,

subjects displayed reliable increases in rate of nead

t.urning during conditioning. There rvas no evidence t.irat

the DRC schedul-e controll-ed response rate for any of tile

DRO subj ects.



In Exper iment 3, only
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six of the original ten

sub j ects were er.rployed. These sub j ects were cirosen on

the basis oE relaLively high scores on the sensor ir¡ot.or

test " All the sub j ects tr'ere ex¡:osed to CR!' cont,ingencies

and the content of the contingent stirluLus was varied.

The procedure lvas similar to the procedure in Experilrlent.

2. The trvo subjects who had previousJ.y been in Group CRtl

showed hÍgh1y reliable increases in response rat,e during

condit,ioning. Two of the subjects previously in Grou¡;

DRO showed rnarg inal evidence of cond itioning under CH,¡.

while the other two subj ects showecì no evidence of

conclitioning.

In the fo ur th exper inent, nine o f the or ig ina j. ten

subj ects \4iere employed. The components of L¡ìe contingenE.

st,irnuLus were varied systernatically, neiv äpparatus was

employed, session lengt.h v¿âs sliortened to L5 l:lin, ihe

nunrber of baseline and conditionin,3 sessions tvas

increased, and physicaJ. prompts were ernployed in a

systematic rnanner. Six of the subjects were successfully

conditioned in Experinent 4.
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Variables Ässociated v,,it.h Successful Conditioninç

The first instance of successful- conditioning

occurred in Experinent 2 for one subject, Donna" In ttris

experiment, two changes had been made to the proceclure

employed in the unsuccessfuL fi rst exper iment : basel ine

and extinction phases were eliminaEed during conditioning

sessions, anci the time per session in the concl it,ioning

phase çvas increased from 10 rnin to 30 min. The

sÍmplification of the session structure, i.e.,

conditioning only versus baseline, conciit,ioning ancl

extincLion, appears to be the criiicaL variable since

short cond itioning sessions (I5 min) later proved

effect.ive in Experiment 4.

Donna and one other subject, Niki, çJere successfully

conditionerl in Ex¡,erinrent 3" The condit.ioning of i,¡j.ki

vJas clearly due to the ¡:lod if ication of Ehcr cont,ingent

stimulat,ion, r'¡ith pictures alone provinE to be ä ¡)osit,ive

reinforcer whereas combinations of pictures ivit.h rnusic

and vibration \¡iere not, reinforcers "

In ExperÍrnent 4,

r eLa ted to the cond

Ììesponse efforE lJas

contingent stirnulus

pronpts were employed

several additional variabl-es r.tay tJe

itioning of six of nine subjects.

1o'.lereC, the coríìlionenLs of tne

v/ere systenaticaLly varied, anti

syst.enôticaJ-Iy. In the câse ot
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Mona, the combination of l-ower resiJonse ef forL ancl

prompting appears to have promoted cond i tÍoning since

stimulus cornbinations were not variecl. rn t,he case of
the Lhr ee subj ec ts ( Lo rna , She i Ia , and liur) wllo

conditioned for the first time in Experiment 4, Èhe three

experimental variables are confounded; however, it is
I i kely that they all contr ibuted to successful

conditionÍng. Ttre finding that, these three sui:jects
conditioned with combinations of stirnulus cornponent,s

which they had not previousry experienced suggests thaE

the systeinatic variation of the components of the

contingent stir,rulation ç/as an

successful training.

inr¡:ortant conL,rit¡utor Lo

In sunìrilary, the following fact.ors were associateci

witlr successful- conditioning: single-treatnenis ç¡ithin
sessions, verying tire sti¡nuLus coniiosition Lo isol-at,e arì

effective reinforcer, low response effort, and prornpting.

Subj ect Var iabil ity

The subjects displayeC consioerable ileterogeneity in

their behavior supporting Rice's (196s) view ilrat. i.JpilR

individuals vary a ,Jreat. deal_ in sucll areas as

conditÍonability t ye inforcer pref erence, and <.jay-t.o-oay

responsivity" Tllere t/ere considerable differences in cne
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ease wi th rvhich c i f f erent subj ects co uld be condi tioneci.

At one extreme, Donna conditioneci after a fer'¡ sessions in

Experir¡ent 2, while at the other extrerne, Lorna r/as not

cond itioned until Exper irlent. 4 af t.er receiving I6

sessions with up to 15 prompt.s per session. 1'hree

sub j ects \,/ere never cond itioned "

Some of Lhis variabilit,y lvas 1ikely due to

reinforcer preferences wilich varieci consicierabì_y. !our

different stimuLus combinat.ions r//ere required to achieve

conditioning anongst six subjects. Pictures i"rere present

in the reinforcer for all six subjects who conditioned,
music vras present for four subject,s, and vibration for
three subjects. Vibration and lnusic appeareci to be

aversive to one sul:j ec t, tii ki .

The finding of considerabLe variability in

reinforcer preference is consistent with the resuLts of

some otirer studies. For exarnpJ_e, Griffin et al_. (1975),

Eo und that vibration \ras an ef f ective posi tive reinforcer

for one subj ect and a negative reinforcer for another

subj ect. ReningEon et aL . (1977 ) E.e st, ed the

effectiveness of several types of rhynes

potential reinforcers and fountl that

nursery rhynes were ef f ective; irhereâs

subj ect co untry b] ues ¡nusic ¡:roved to be

and rnusic as

for tirc¡ suir j ects

, for ä trrirc,

reinforcing. ¡.



fourth subj ect dis¡:1ayed

all types of music "

variety of idiosyncrat,ic

one sub j ec t who wo ul-d

Tomrny Dorsey record.
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sLighL response rate changes Lo

Rice and lqcDaniel (f965) foun<l a

reinforcer preferences incl ucl ing

only res¡:ond to one particuLar

Ttre acquisition curves for the subject.s took two

forns. In the case of three subject,s, Donna, Iviona, and

Sheila, the curves \,eere very gradual wit.h rates of

responrìing increasing steadily across from seven to ni¡re

sessions. The extinction curves of t.hese subj ects aLso

changed in a gradual fashion, with response rates falling

to baseline rates only after several sessions in the

reversal condition. 'lhe other three sui:ject,s, Tirlr,

Lorna, and IIiki displayed abrupt, large cLianges j.n rate

of responding during acquisition" 'I'tre l-atter t,hreÈ

subjects displayed the highest maxirnum response rates and

great variability in response rate froin session ro

session. These three subjects also displayed an aþrupt

decl ine in response rate at the beg inning of t.he reversal-

phase. There was no evidence of Ricers (I968) finding of

"spontaneous ext.inction" amongst. any of Ehe suojects.

It is di f f icult to conìpare t,iiese f ind ings directly

witir the resuLts of other studies Ì:oth because of

procedural diiferences and because other sLudies i'¡ave
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used so few subjects" lrJonetheless, e:{atiìpl_es of boLn

types of acquisition curve can be found in past researcil.

For exanple, Fuller's (1949) subject increaserl iris
response rat,e gradually across four days, f rom .67 r/nín

to I.67 r/min. By contrast, in Bailey and lteyerson's

(I969) study, the subject began responcling at a high rat,e

(mean=l000r/day) alrnost immediately upon exposure to the

rein fo rcetnent contingency.

An examination of tire ci¡aracteristics of tne

individuals who served in t,he exlieriments did not provicìe

a basis for explaining inter-subject variabilit.y in terrns

of subject ciraracteristics. There rias tlo ai.;parent

rel-ationship between performance and the type or number

of rnedically cìiagnosed conciitions, or ttle aclnrinistraÈion

of drugs. There was e marEinal reLationship betireen the

sul> j ec t.sr senso r ir¡oto r test resuL ts (see Appenrì ix B) and

the results of the conditioning procedures. The three

high scoring subjecEs on the sensorinotor Lest alI
conditioned; whereas, of the six Lo',v scoring subjecEs,

three conditioned a¡rd three did not.
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i''J P("1iìIrnpl ications for

Ind iv id ua1 s

Research and Tr ea tmen t of

The results of these e:{perir.rents and those of other

researchers indicate that nany IiPrlR inCividuals are

responsive to operant conditioning procedures, but tirey

also ind icate that a great deal of f IexÍbi1it,y anci

patience are required for work vuit,h tilis po¡:ulation.

'Ihere are two predominant f act,ors which may expla in the

relative difficulty in condÍtioning NPI4R subjects. The

first is the severe neuroLogical impairment suffered by

t,hese subjects and the second is the i:n¡..roverishecl

psychological environment in çvhich they live.

The precise relationsìrip bet.iveen neurological

f actors and conditioning is still poorly unCerstoocì anil ,

in any c.vent, largely i:eyond Ene cont.roi oi óì

psychologist,. One rnigLrt expect a rel-ationsl¡i.p bet,v/een

damage to sensory systens anrl reinforcer prefereilce.

fìoivever, the evidence of Eriedlander and his colleagues

(I974; 1973) that blind severely ret.arde<l cirildren fir¡i

changes in tight intensity to be reinforcinE, or tnät

deaf chiLdren find sound to be reinforcing, inCicates

that knovrLecige of sensory systen damage is probably oE

littIe predictive val-ue in deteri.rining ¡rotential
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reinforcers for ÀlPÌ4Iì subjects"

On the other hand, there is an increasing interest

in the relationship between the institutionaL environlnent

and the behavior of insEitutionalized indivicluals. The

passivity and unresponsiveness of NpplR subjects is likely
d ue , at least to a large deg ree , Lo t.he severe lack of
contingent experiences in the environment,, and to tL¡e

fact that most NPI4R individuals ilave spent ¡nuch of ti-reir

1 ives in such env i ronments .

It has become a well accepted premise in psychology

that a Ìack of adequate and appro¡:r ì.ate st inrulation

durÍng the developing years of a child rnay be a cause of
retarded development, (Yarrow, Rubenstein, perlerson, ¿i

Jankoirski , I972). Yet, ç¿ilile the training of higher

Level retardates has certainly iinproved in recent years,

sÈudies suggest that Ehe attention given to tne nìosE.

severely hanCicapped is still ninimal (Repp &

Barton, l980; irrhi tel-ey & Dewson, t'tote 2) . Otrwaki anu

Stayton (1978) found that af t.er controll ing for ¡nental

age and chronological ê9e, the perforriìarìce of profounclJ-y

retarded individuals on iter¡s frorn the cat.tell rnfant,

rnLell igence scale r.ias negativeJ.y correl-ated ivi trr reng Eh

of institutionalization" Ohwaki et al.'s results are

cluite consistent. with those oË several- siiniLar stucjies
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and suggest that the institut,ional_ environrnent is ofLen

I inked to clecL ining psycholog ical f unctioning.

One theoretical model of how the insti tutional
environment may cause such declines in functionÍng has

been reviewed by DeVellis (L977). He i¡as pointeo ouL

that many of the cìraracter istics of insti tutional i zecl

people (passivit.y, submissiveness and Learning

difficulty) resembl e the symiJton.ls of learnecl

helplessness. Accord ing to the learned helplessness

model , deveJ-o¡:ed by Seligman (L975) , ç¿llen an organisrn is

exposed to rnany exper iences (or a fev¡ experiences of
sufficient intensity) vyhich are unrelated to tire

organisrn's behavior, it ivill becorne psycholog icaJ.ly

"he1pIess". Seligrnan irypoEhesized Lhat noncorrtingent

experiences may produce several defÍcics in an organisrn

includinq passivity, i.e., reduction of þeiravioral

initiation, ancl Ìearning cleficits.

In the present sLudies, rnany of the subjecE.s did

show two of the characteristics of learned helplessness,

that is, passivity and sl-ow learning. It nas been si-rowrì

(Whiteley & Dervson, Not,e 2) that t,he environtnent of these

subj ects is lacking in contingent e:{periences, ancì ç¡or-.r1u

therefore be conducive to the devel-opment of learnetr

heLplessness. SeJ.ignran, i'laier, and Ceer (195S) have aLso
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found that prompting is tlie most effective nethod of

overcoming learned he1¡rlessness in cogs. SimiJ.arJ_y, Lire

ürost successfuL conditioning procedures v/ere Èhose

ernployed in Exper inent 4 v¡h ich incl uded systenraEic

prompting of the subjects.

The appl ication of the learned helplessness i:rodel t,o

the treatment and study of the NPtqR individual suggests

that researchers ¡nust ¡.rrovide subjects with a great deal

of prompting and experience with contingent events.

Furthermore, it suggests t,hat institutions slroul_d ¡rrovide

contingent experiences to all their residents as a means

o f arresting and reversing ti:e clecl ine in f unc Eioning

which typÍcal1y folLows any lonE period of

insti tutionaÌi zation .

Tlle provision of simple rìanipulanda, sucn as ¡-racJcied

crib Levers which produce sensory reinforcerrient,, rniElrt

greatly improve the well-being of residents. It tras

already been demonstrated that sensory reinforcernent can

reduce or eLiminate self-injurious behavior (Meyerson

et a1., 1957) ancl stereotyped behavi<-:rs (l'lur¡.itry, i!unes, &

Hutchings-Ruprecht,

residents.

L977 ) in pro fo undl y retardecl
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One area of instit.utional care which ivould benefit

considerabl y fron the introd uction of concl itioning

techniques is physiotherapy. Theoretically, the use of

operant conditioning could both counLeract the learned

helplessness set of the residents and also inprove the

efficiency ano efficacity of ¡;l:ysiotherapy progra¡ns.

Sensory assessinent of i.¡Pf"lR inCividuals j.s extremely

difficult, and in fact, may often be overlookeci for t.his

reason (see Appendix A). Procedures such as Ll¡ose of

irlacht (197L) or Friedlander and nis coLLeagues (I974¡

L973¡ 1967 ) should, v¿ith suitable modi fications for Lhe

NPIVIR popuJ.ation, provide usef uI tooLs for sensory

assessment. The results of the experimenL,s described in

thi s thesi s ind icate tha t in mod i fying these proced ures,

the head turning response coulci be enployed wit.h rììany

ÌllPI'4R i nd iv id ua l- s .

Future research with NPI1R subjects wiIl probably

require a more long-term approach than has been the case

Eo date. An exam.ole of the vaL ue of long-tera approacÌ:es

to conditioning human infants may be founci in tile worK of

She ppa rd (1969). As researchers E.urn Lo È L. ^

investigation of problerns such as discr imination, ríìore

conplex sche,jul-es of reinforcement, a:id the siraping or

nore conplex behaviors, tire long tern, single organislr
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increasingly coriìmon.

Sumrnary and Conclusions

The subj ects r¿ho served in these exper i¡nents vJere

found to di ffer considerably, pâÍticuÌar1y in the areas

of reinforcer pref erence and conditionabil it.y. ,I.II E

result.s of the exper irnents ind icate, above all else , that

the operant conditioning of NPI'IR individuals reciuires the

use of procedures which optini ze the probability of
bring ing the subj ecE's behavior under ttle control- of a

reinforcer" The use of a low effort res'ilouse (heacì

turning) , proriìpting, and Ehe systernatic variation of

contÍngent st.imul-ation probably f acili tatetl operant

conditioning in Experiment.4, and these variabLes siloul_cj

receive consideration

individual-s"

in future studÍes wiLtr r.ipi4Iì

The procedures developed in the fourtil exgeriment

suggest t.hat it woul-d be relatively sinrple and

inexpensive to provide t¡Pt4R indivicluals iyitir activit.ies

based on the use of sensory reinforcement. 'Ihe use of

such operant procedures rnay help to offset Ene effects of

the often unsti¡nulating environnìent in which rrJpr'liì

individuals live. Tirey r,ray aJ-so prove to be useful in

the fieLd of physiotherapy by prov Íi ing a ¡ueans for
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t,he i r ownmotivating subj ects

tìre r apy 
"



APPE^IDI X A

Sucject Descriptions
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'Ihe sub j ec ts who served in the var io us phases o f
this research pro,Jrarn r,Jere all resiclent.s of parr<Ìlaven

ln¡ard at the ùlanitoba school for iìetardates, porEage 1a

Prairie, f'lanitoba" Parkhaven hard served the most.

severely handicapped indivÍduals in the adolescent age

group. The subject.s for this researcl¡ all carÌìe fro¡n one

section of Parkhaven which cared for ¡:at,ients who vr'ere

nonarnbuJ-atory, ¡:rofoundly retarded, anci requirecl total_

nursing care.

Physical Characteristics

There were three boys and sevetl girls

available for research purposes. Their ages râ

11 years, 3 rnont.hs to 29 years, 2 i;ronths rvitn a

of 15 years, I0 months. 'Ihe weights of only six

rüere kno'v¿n anC they range<Ì from L4 to 2L Kg

f ig ures prov ide soine i nd j.ca t ion o f tne sever i

subjectsr physical disabilities wiren conrpared wi

nean weights of 32 to 7O kg for inCividuals in

tvlro we r e

nged from

rnean äg e

subj ects

. 'l't¡e se

ty o f t.he

th no rrnal

tiie satrle

subjecl:age range as these patients. DetaiLs

characteristics are shown in Table 7.

of
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MeC ical Assessments

As can be seen in 'Iable 7, all of the suþ j ect.s rúere

diagnosed as suffering from one or more of the rnajor Cr\iS

pat.holog ies; ti'le nìost cornlnon Ciagnoses were

encephalopathy r rrìicrocephaly, cerebral pa1sy, ancl

epilepsy. All ten subj ects also suffered from severe

anatonical and f unctional abnormalities, incJ.uciÍng

scoliosis, quadriplegia, disLocations, ancl spasticity"

Thorough sensory assessments had not been done on most

subjects; hov;ever, medicaL report.s sug,Jestecl tÌiat.

several subj ects had soine visual irnpai rment and one t{as

probabl y b] i nd .

þ-ive of the ten subjects received regular rneciicat.ion

in the f o rrn of Phenobarb (2 subj ects) , r"rysol ine

(2 subjects), Valium (2 subjects), Dilantin (l sucject.) ,

Nernbutal (l subject) , or Cravol (1 subject).

Psycholog ical Assessment,s

'f he psycholog ical testing of Ehe sub j ects i.ias

limited to the vineland sociaL traturity scare (VSlis).

t'line of Èhe ten sub j ects were scored in tile ran.Je

untestable Lo 5 months, and one subject scored lI nionths

(i'iiki). All of the sultjects ',vere. labeleci es ¡:rofounuly
retarded. It shoul.ci i:e poinEed ùuL i.haE the Lype of
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psycholog ical testing used for these indivi.duals seems

quite inappropriate. äxarnination of Eest. forrns snowed

that. subjects had often been scored for items that. tvere

probably beyond tireir cont.roL. For example, scores were

given for having a clean face or being dressed properly.

The autho r I s senso r imoto r t.est resul t.s aiipear in

Append ix B. The resul-t,s of t,hese tests correspond to

some extent with the VSl"ls resul-ts. For exarn¡.r1e, Í,iiki

scored highest on both the VSi{S and the sensor imotor

test; iuhereas, the scores of the three subject,s Labeleu

untestable on the VSf4S t/ere amongst t,he f o ur Ìor¿est

scores on the sensorimotor test,. fire sensorimotor test

results r/üere d i stì.nctly binrodal , wi t,h three subj ects

scor ing abov e 12 and the rernainder bel-ov¿ 5.

S ubj ect Env i ro nrnen t

'lhe subjectsr environtnent lvas al_most. entirej.y

restricted to tivo rooms. 'Iypica11y, subjects s¡rent ebout,

twelve hours a day in a crib in a communal bedroon ancl

the remaining tvrel-ve hours in a nearby day-roonì. In tile

day-roon, subj ects either 1ay on nats on the floor or

were tied into a wheel- chair. All f eed ing, chang ing ancì

E.oil-et.ing activities were carried ouL in tite üay-room. A

few stuffed t.oys i.Jere placed near sorne residents on tlte
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mats " A racì io was usually pLayÍng Ín the roont.

An ecological study of Liìis environitìer)t (r.lhit.e1ey &

Deivson, i.Jote 2) indicated that the level- of stirnuLat.ion

\,'/as very l-ow out.side of f eed ing and cnang ing t.irles. It
rtas unusual for a sub j ect to be approacire,j Ðy a

câretaker, or to receive verl¡al or tactile sLimulation.

SimilarIy, there v/as very 1itt,1e mutual_ st.imul_ation

anìongst the subject,s due in part to their lack of

mobility. The analysis also showecl that there viere few

contingent relations amongst subject behaviors anci

env ironmental events.

A few of the subj ects received

treatments on a sortrer¡hat erratic scheduLe.

cì ur ing the suriÌmer, the subj ects were nroved

outside EheÍr r.¡ard for a feiv nours.

physioEherapy

OccasionaJ,ly,

to a Ea zebo

Summary

'lhe sub j ec ts

lowest categories

Al tho ug ir they are

specific deficits

three lnajor cllarac

label " nonanh¡u1a

of tiris study clearly fa11 into t¡rê

of human moLor and rnentaL developnìent.

quite heterogeneous in terrns of ¿lre

they suf f er, the subj ects all Ìrave the

Eeristics which indicat.e use of trre

tory profoundly nenLally retardeci"



(Landesman-Dwyer &

incapable of moving

lacking in adaptive

extrernely sma1l for

Sacket,t, l97B): (a)

t.hrough space, (b) t,hey

behav ior ski11s, and ( c)

t,heir chronological age.
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they are

are t.otal1y

they are
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APPENDIX B

Sensori.motor Test
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Several test Í t.ems were adm ini st,ered to t.he subj ects

in an attempt to assess their sensory ancì sensorinotor

abilities. The iterns were derived f rom Cat.tel1's (I940)

test of inf ant intell igence and a procedure developed iry

White, CastIe, and Held (1964). They were slightly
nodified to suit the characteristics of the subjects and

their environment.

The tests were adrninistered rvhen the subject was

awake, with eyes open, in no obvious state of clistress or

seizure, and usually about one hour after the rnorning

feeding. 'the iterns enployed for assessinE vision were:

(a) f ixating an object held over subject's ireacjline

(item 1.a); (b) following an object moving across

subjectrs field of vision (item l.b); (c) fo1Ìowing a

person ( i tem 1" c) " The i terns er,rployed for assessing

au<lition were: (a) response to a beLl ( it,em Z.a) ¡

(b) response to experimenter saying subject's nerÌje

(item 2.b).
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l4ethod

Test l'4aterials

There !{ere two iterns usecl for testing, a bell and a

visuaÌ sti¡nuLus object. The bel1 !v'as of Ehe mechanical

type used on hotel or shop desks and it producecl a single

clear tone. The sti¡nuLus object túas simil_ar Lo the one

described by White et al. (I964). It consisted of a

cloth circle with six colored strips oÉ mat,eria] at.tached

to the ci rcumference. The obj ect was suspended by a

string on the end of a L.3 m wooden rod in orcÌer that it
could be presented t.o the sub j ect without he or sire

seeing the experimenter's arm.

Proced ure and Scoring

The test !/as aclninistered by Éwo experinrenters; one

acted as an observer rvhile the other administered t,iie

test i tems " The sub j ect was ¡:laced in a su¡:ine posi ti.on

in a crib with one side covered to prevent tñe subject

seeing t,he experimenter. Af ter verif yi.ng that tÌre

subj ect was awal<e with eyes open, the exlier imenter

presented the stii.¡u1us ob j ect attached to the rod by

placing it. about. .5 riì directly above tÌle subject's face.
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rf the subject dicl not fixate tfre object j.nrnecli.ately, the

experirnenter j iggJ.ecÌ the rod. Af ter 5 sec of f ixation,

the object vras slowly rnoved first to one sicie of t,ire

subj ect, then to the other. Four responses vJere observe<l

and scored separately after the presentation of tile

stationary sti¡nulus object (it.ern 1.a): fixation of the

stimul us for at least 5 sec , reaching , g rasping , ancì

changes in activiLy 1evel.. After present.ation of Llie

rnov ing stimul us ( itern 1. b) , the sub j ect l¡as scored

separately for foi.lowing tire obj ect visually to one side,
follorving visually to the other sicìe, reaching, ,grasping,

and changes in activity Level.

Following rernoval of the v isual stirnul us , Lne

experimenter rang tÌre be11 (item 2.a). The subject. v¿as

scored separately for t,urning eyes in the directioll of
the sounC, and changing activit.y Level. The experimenter

then saiC the sub j ect' s neme and the t,hree responses of

turning eyes, head, and chang ing activit,y l_evel vrere

noted. In each test, the sound source t{as l_ocatecì out of
the subjectr s current <iirection of gaze.

The covering on ti:e side of the crib was t.iren

removed, vrith the experimenter standing at the foot of
the crib. Tlie experimenter r¡alked slovily along the crib,

looking at tÌre subject (ite¡¡r l.c), and noted whether or



not the subj ect f ol-1owed him

changes in act.iv i ty ]evel

looking at the experimenter

repeated the test starting

current direction of gaze.
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and exhibi ted any

subject v¡as not

the exper irT¡enter

t in the sub j ec t.' s

visua11y,

. If the

inítia1Iy,
from a po in

Success'was scored I and faiLure 0

collection sheets (see sarnple in Þ'igure

on

2A

¡;repared ciata

).

Results

The results of L,\,io test, administrations âppear in

Tables B and 9 (see Figure 20 for item labels). l'hese

t.ests were g iven to the same 9 sub j ects twice wi th abou[

a one year interval between testings" The correLation

between the totaL scores on test I and t.est, 2 was .90

(Pearson r).



Ti

Test Item

1- a) i Fixates
ii Reaches

iii Grasps
iv Activity

b) i Follows to
ii Follows to
iii Reaches

iv Grasps
v Activity

2. a) i lurns eyes
ii Turns head
iii Activity

b) i Turns eyes
ii Turns head
iii Activity

Page J-25

SCORE (f or 0) COMMENTS

form used in sensorimotor

Date:

me: Location:

one side
other

1- c) i
ii

Figr-rre 20.

Follorvs visually
Activity

Data eollection
tesÈing.
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Table I

SensorimoËor Test Scores on First Administratíon

ITEM Cindy Donna Geoff Jean Lorna Mona Nikí Sheila Tim

1.a)i I

I

1

I

2. a) i

ii

al-a

iv

b)i

ii

iii

iv

1¡

ll_

iii

]-

l-1

l_l-1

1

I

1

1

1

1

1

1

1

1

1

1

1

1

I

I

1

1

1

1

1

1

I

1

1
I

1

1

I

1

1

1

1

I

L

l_

t1

b)

1

1

I

1

I

1. c)

TOTALS L2L4l1
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Table 9

Sensorimotor Test Scores on Second Adininistration

rTn4 cindy Donna Geoff Jean Lorna Mona Niki sheila Tirn

1. a) i 1 1 1 1 1 1 I 1

1l-

l-41

l_v

b)i 1 1 11111

1r-

lrl-

iv

t7

z. a) r-

1I

l_ l_l_

b)i

ii

iii

1. c) i

11

1

11

I

1

1

1

1

1

1

1

1

1ll_

111

1

1

11

11

11

11

111

TOTALS2l,5153415L20
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APPENDIX C

Time-Ser ies Analysis
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In Experi¡nent 4 there \./as considerai¡le variation in

the type of treatnìent and t,he nunrber of sessions that.

different subjects received thus necessitating use of an

anal-ysis technique appropriate for single experirnental_

uni ts .

In a review of severaL proposed Lechniques for

analyzíng single organism research, Thoresen and lllashoff

tI974) conclu<1ed Ehat Time-Series Anal-ysis was tire only

currently ava i1able E.echnique suitable for anal_yzinE

repeated measures data on single experi¡lental units.

Glass, ['ri11son, and Got,tman (]975), v¡hose statistical
procedures vrere ernployed in analyzíng data from Lhis

study, came to a similar conclusion in their reviews of

the problerns inherent. in a.oplying Ai{OVA-type models t.o

single organism data. Jones, Vaught, and ',veinrott

(1978), in a study of the effects of serial depenciency in

data on the agreement of visual and st,at.istical_

inferences conclucìed that Time-series Anal-ysis ivas a far

inore rel iable tool f or inaking inf erences t,llan i,ire visual_

judgements of expert judges, and that Tine-SerÍes

Analysis should be u¡sed as atì inrportant. aclj unct to visuaL

inspect.ion of data.
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A time-ser ies ( Campbell ç Stanley , 1966) i s a

collection of data points gathered in a periodic fasi¡ion

from a single organisrn or group" A Li¡re-series

experiment is a tirne-series into ivhich soine experiurental

change has been introd uced . 'i'ypicalLy, one exarnines sucn

a time-series to deternine if the Level and/or slope of

the t,irne-ser ies changed as a result of Lhe exper irnentaL

intervention. This type of design

resistant to internal sources of inval

in Campbell and St.anley (1956 ) .

is generally highly

idity as described

The statist.ical analysis of the time-series clat,a in

the present study tvas based on the Àut,o-Reg ressive

Integrated ¡loving Averages MoCel (ARIL4A) of Glass et al.
(I975). The analysis involves Er,vo phases. In the first
phase, the data is anal yzed Ehrough aut.ocorrelation

techniques to determine the most sui tat¡le matne¡natical

model to describe t.he data. Eased on this nrocìel, a

least-squares type of analysis is comput,ed in the second

phase to deterrnine if Lhere is a significant change in

level and,/or slope of t,he series from pre- Lo

post-intervention. The results are expressed j.n terrns of

t-st,atistics with N-2 degrees of freedom.
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In the present study, there \vas an insufficienL

number of iata points Lo carry out the model

identi fication phase of the Glass et aL "
(t97s)

procedure in a systernatic fashion. According to these

authors, model identi fication can only be done in a

higi-rly reliable manner r¿hen the numi:er oE data points in

each tilne-series (either pre- or post-intervention)

ranges frorn 2B Lo 46 or nìore, anci none of tl:e tirne-series

in Experiment 4 met ei ther tiris requirenent or the

mininum requirernents of tire nrodel ident.ificati<¡n computer

þrogram, CORREL.

Des¡:ite the absence of a quantitative ¡noCeL

identification procedure, there viere good grounds for

assuming that tne data f it the ARLvIA (0,1,1) i¡ode1. TIre

description of the model given by Glass et, at. (1975) is

consistent r¿ith the types of data often encounterecj in

behavioral studies. There are a number of other reasons

for assurning the appropriateness of this model in trìe

present study" Results of a survey of 116 time-series of

behavioral and social indices by GLass et al-. (l-975)

indicated that the ARIMA (C,lrl-) model vras E.lie rirost

common rnodeL identi f ied. Gottrnan and Leiblun ( 1974 )

proposed the Ii'14 (1,I) model (Integrated iutoving Averages

rnodel , identical to ARIr1À (0,l,l) ) , as tire principal

model to be used in t.he evaluation of beilavioral-
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time-series"

Glass et al. (I975 ) and Gottrnan anci Le iblurn (1974 )

indicate that this nodel- is appropriate for Line-series

which contain trends and whose data points are not

statistically independent. These two criteria appear to

be met by the data in this st.udy. ExarnÍnat.ion of Figures

14 to 19 indicates clearly the presence of Erends in the

data. Autocorrelations (1ag f ) of t.he baseline data, the

conditioning data, and of the extinctÍon data for all of

the subjects indicated that scores were not independent.

The autocorrelations of baseline r conditioning t et

extinction data fron each subject ranged froni .35 to .89

r¿ith a median of .67 (Pearson r).

Perhaps the most important j usti fication for using

the Time-Series Analysis despite tire lacn of a

quant.it.ative nodel identi f icaIion .procedure corììes f rom a

recent study by Padia (r.,'ote 4). Using r¡ront,e CarLo

nethods, Padia investigated the effects of rnodel

misidentification on t.he Type I eryot rates of

Time-Series AnaLyses. Incorrect assi,JninenL,s of tlie

values of p and q in the general ARlivtA (prd rq) r¡<.rcte1 dii

not resul-L in statistical out.ptrt deviating inater ia1ly

from output based on the Lrue model icientificat.Íon. 'Iire

incorrect essignment of tÌre vaLue of d çr'as found to irave
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serious effects on error rate; underestiination producing

excessively liberal error rates and overestimation

producing excessiveJ-y conservative error raÈ.es. In tne

present. study, 51 can confidently be set at l-, reflecEing

the linear Lrends apparent in t,ire ciata (see

Figures 14 to 2I).

In summary, the ARIiviA (0,l,1) t"iodel is probably very

suitable for the data in Experilrient 4, ancl in Lire çvorst

case wouLd err on the conservative side.
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