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Sbaping and Cbsinmg are both efBictive m tnmmg œw bebavbr. Shaping, or tbe 

reinfi,rœrmS of succasnie a p p r o ~ n s  to a target response, is uscd to d m b p  mvel 

fe~~~~l~e~ortieestablishrrspoa~amboga~~~~~Chamingisusdtodevebpfirrcd 

sequemes of nsporises Tbe cumbinatian ofthe two procedures was examincd using 

twelve participants (8 men and 4 women) Wb0 were domiy asSignad to one of three 

c~co~~mcuiiaoividU8Lo~design:ForwsrdCbsiMig@C)veffus 

Backward Chahing (BC), FC versus Total Ta& (hbing (TTC), or BC versus TTC. A 

vide0 trac- sysfem ncorded the coordiriate p o h n  of a participant's band in the- 

dimensional space, relative to the position of tlnee targets randomiy seîected by the 

cornputer. Contingent upon contact mth a shapiag sphere a m d  the c m  target in the 

cham component behg tralliod, reinhrcement h the fom of a c o m p u t e r ~  tom 

o c c d  Upon cornpietion of a &aihg C O ~ ~ ~ I ~ C I I S ,  a diffCrcnt tom and points were 

presented as temforcemt. Refircexœnt amount was quateci W e e n  FC, BC, a d  

TTC procedures, and a test pbase quiring 5 rrpctitions of the se~ueace to &monstrate 

tbat ~to~kplaa.TbcêDlbwingwasfod(a)mtheFC-BCconipruisonBCwas 

g~mme~tbanFC,(b)mtheFC-~CconparisonFCws9gaieÿallymorc 

eftéctive tban TïC, but (c) in the BC - TTC conperison tbae were kwr difïbws 

between BC and TTC. The outcanres îbr the FC vems BC and the BC versus TTC 

CO-= are in costrast to the liiachire, and reqUrr natba in-II The 

automateci chaiaing proCCdures uscd in thio study show promise as a method to k uscd m 

a re habüitativesethg. 



Introduction 

Often we take for grcimed tht most basic a d v i b  himisns engage in on a daily 

basis. For instance, Mi outseIves, m k b g  a ôed, and movbg our amrr are behaviors 

we engage in a b s t  without a second tbought. However, thae are popul#tiam of 

individuals for whom t h e  kbaviors are hded  a challaige. Triiinin$ of such challesged 

individuals bas used at ieasî two grdual change procedures (Martm & Pear, 1996): 

shapingdcbaiaing'. 

Shaping k the reiaf0mmm.t of SUCCeSSive response appmxÎmtbns toward a 

targeted behavior. Chaining is the es&bI ïshs of a se&s of rrspoases that occur m a 

fked sequence: each -me (ianil the final one) ni the seqwnce produces a 

discriminative stimulus (Le., a u~ue") for the subsequent fesponse m the chah Shaphg 

and chaïniag share some simüar oomponents, but ditiér h m  each other m appIication 

Traditiody, shaping bas been usai eiiher to devefop a mvel (ie., bw probabüity) 

response (e.g., Crone-Todd & Pear, 19%; Pear, Cmne-Todd, & Besko, 1996), or re- 

est8bîish a response thst if m bnger o c c e  (e.g., Taub, Crago, Burgio, Ciroomes, 

Cook, DeLuca, & Millrr, 1994). chahhg has been used to linL fespollses togetber, as m 

the acquisition of keyboard sltillp (Ash & Holdiqg. 1990). SbapSg procedutes are impiicit 

inni.yoftheshdYs~vario~c~tec~ues,kdtodetethmhasnotken 

any systeniatic shdy of cbahbg procedures tht errplicitly itmrporate an efktiw sbepbg 

procedure* 

' Appendk A contains detaüed definitions of key ternr~ for re&rence prirposes. 



Sba~ina- In order to begin a sptennsiic shdy of spetial pro* of bebavior, Pear 

and Legris (1987) used two canicras attached to a cornputer to track reuxd, and sbape 

the threedimcasiod position of a pigeon's kad in an openmt chamberC Information 

regarding the position of the heaâ, ad tbe relrdive dirdaace h m  an wbk, 

cornputer - de- target de tcmïd  the sàe of a -nd sbapii s p b  at any 

given moment. Reidotcement m the form off& delivery was contingent upon the bad's 

head making contact with a computer - denn#i sbaping sphere concentrk the mget. Tbc 

swing sphexe contracteci t o w d  the target sccording to a forward stepsizc WS), 

denned as the criterion by wbich respondiug must &,il3 cioser to target location to produce 

reinforcement, d expaaded back out accotdirig to a kkstep rate (BSR), de- as the 

amount by which the criterion for a reicifod response rehxes, per unit of tkm in which 

no remforcemnt occurs. (nw target bebavior was estabüshed, the BSR was set to zero, 

thereby providïng reiiiforcaacat fot target bas only. Thus, two distinct stages occrnred m 

the abuve sbaphg procedure: (a) The hpïhg sphae conmcted, contingent upon contact, 

to a region ciose to the target sphere, a d  (b) target spbae contact occumd. 

The use of a cornputer program to cany out swing (or othcr procedures) dies 

upon a fÏnite series of Seps tbat the program cxecutcs (Ab, Hopcroft 8: Ulhinaa, 1983) to 

det~whenapeaicularrrspoirrhs9occiimdtbibprod~a~infOtcer.'Ibcsaics 

of steps uscd m such computer m u r e s  are to as çommter aigorithinS. Thus, 

when âhussiag a partnilat sbapiqg or cimining procedure wbich has useû a computer 

algonthm. 1 may te& to t&ese as &O- ebepnig . . o .  . . o r ~ n t h n i w : ~ ~  



Midgeiy, Lea, and Kirby (1989) conducted two shdies on aigotitbmic sbspiDg of a 

complex tesponse m rats, and cornpend it to M-sbep'mg (Le., c a q h g  out the sbapbg 

procedure mut the aid of a compter pro-). The cornputer elgorith bluded a 

hierarchy of 5 steps, each on an Foxcd Ratio (FR) scheduie (Le., a schedule of 

reiatorcement that cequites a fmed number of rrsponses to k emitted pior to the 

presentation of reinfbrcement). An initiai bw-vaiue FR was de- fOr each respome, and 

d e r  a given nimber of reinfQrcemnts were provided foc that fesponse, the FR value was 

incrrased by a constaut amoimt A&r an amunt of timt eîapsed wahout rehfbrcement, a 

r e m  to the ne* bwest ûkmchicai tesponse ocamd, in which the original FR scheduie 

was once again in place. Re& indicated that rats' behaMor could be shaped to deposit 

ball bearings down a hole in the Baot of an oprent chsmber wing the abve algorithm. 

Further, the algorithmic shaping procedure itselfwas simüar m effitiveness to tbat o f  the 

band-sbaping procedure, with the bimer produchg more a i e  behavior îhan the latter. 

This finding was considered to be due to the c o & e ~  bigh midbrcement and îack of 

extinction pmduad by the dgorithniic procedure. 

In an attempt to gather cross~species evideme for tbe efE&mess of î k  sbaping 

procedure used by Pear and Legris (1987), Pau et aL (1997) sbspsd the movemcat of a 

hand-kld pointer by bunians m thrcedimasiDd (3D) spsce. Tb amin piapose of this 

r e s e a r c h w a s t o k g e i t o ~ ~ ~ l e v t I s o f t h e F S S ~ B S R p a i a m c t e r s  

m the shapiag process. Participants' rnovaaent ofa bard-beld pointer witliin a mtal cube 

wasshapeû ha-maminmthepigeomhlbcPeatandL@shdy. Byusipgthe 

shapingsphereoaceagain(FSS=5nim:BSR= lOnmlSs),andthennmoviagtbe 

s p h  k m  test trials, Pear et al s h o d  thah mt only was a mvei response Cie., one 



with a very low probabiliiy) shqmd using this mtbod, but tbat tk position of a m u s l y  

i e d ~ e t ~ ~ u I d b e b c a t c d ~ w i t b o u t t b e s t i i i p i n g s p b a e . S u b s o q ~ a < p c w a i t s  

detennibed t h :  (a) a relasively small FSS (5 am) was more efhctive tban a iarget 

stepsize (FSS = 100 mm), and (b) a celatnnly BSR (10 d S  s) was more 

e&éctive t h  eiiher a no BSR or a tasta BSR (30 d l  s). 

T h e s e ~ p m v i d e a n ~ f D t ~ ~ * o n a m b ~ h a b i l i t a S i o n  

movement. Fot mstance, it xnay be possible to improve the movenienf of afbted limbs in 

popdations of individd with cerebral palsy (see EcLhhause, Lemard, Zhuang, dé 

Maducci, 1994), or m stroke victmis who can use tbeP bb, but bsve Lara#L not to (see 

Taub a ai., 1994). When the responses in one limbSare faster (or m>rr fhmt), tbsn in 

another, consequences tbat may ~infi,rce behavior h m  tbat hmb occur more ofken and 

more rapidty- Thus, the envitl,~llne~lt may select for mnafkted limb use, thereby 

decreasïng the pro- of ushg the afkted lima Tbtough a proassi of "using the 

good limb" more of& and "using the affècted limb" less often, evennially use of the 

affèctedlimbdecmsestothepoïntwhneitn, bagnoccurs. Withsppropristeaainmg 

procedutes, tbis pmcess may be comtem%d 

Cmne-Todd ami Peat (1997) devebped a compuig usiqg a shaping algorithm 

smiilar to the oœ m the Pear et d (1997) sîudy to contmue qmadd iy  the 

combined eneds of FSS and BSR The emrironnrent was a -nai amputer 

screen m which t~~)wmmt of a muse ciasor cbser to a computerdefiœd target was 

reinforceci with a tom. A sbaping circie, coacentric to thc m e t ,  contracted ami 

exgmded (#xordirig to varbus combmations of FSS a d  BSR Crone-Todd and Pear 



systematidy replicated and exteded the h h g s  of Pear et ai. (19%) m a series of three 

experkats which compareci a smaller and larger FSS, combinai with a zen>, moderate, 

or fast BSR 'Lae overail fMqp hdkated tbat: (a) the smimüer FSS was mrre effective 

than the iarger FSS d @) tbe moderate BSR was more e&éctive than either a zero BSR 

or a EBster BSR 

Thus, an aigoriibnnc shaping procedure which combiiies a d FSS and modaaie 

BSR appears to be extremeiy efkthe m shspbg behavbr. The presest study investigated 

chaEingmthree~dminisioris,mthsbapiqgparameterspmriouslyfoMdto be 

effective heid constant. 

Ctraininn. Resarch in cbaïning has aot bee* as systematic as tbat camed out on 

shapiog. However, progress in tbat direction is occUCLitlg. There is a weaith of litemture 

on single-procedure designs, in W h  ody oœ hm of chaÏning has bten mvestigatd For 

hance, TTC has been demonstrateci as efféctive for trairiiag mntally~~hallenged 

individuais to drPss themseives (Apm, Sckfkr, & Wesobwslci, 1976), to develop 

b u s s e  skills in a fidi senice rrstainant (Certo, Mapillo, & H u m ,  1985), to hithe, 

aistaùi, and teminate phyhg tim on a video game & N i  1985). The FC 

method bas been demommted to be enoctm m traaiqg a profbundiy r e m  b W  

person to respond quickly to a fite akmi (Cohen, 1984), master n m h m i d  components 

of change computation (Cwo, Veitch, Trace, & Konke, 1978), deveiop bed making 

actiVay (McWiUienis Nh@, H a m r e - N i i  1990), ami master the conponaits 

in premeai, meal, and po- chah of bebavior in en institiaional s e t a  (WiiIson, Reid, 

Phülips,&Burgio, 1984) .BChirsbsho~~1tobee~htra ir i iqgàndependan 

walking skills (Gniba, Reeser, & Reid, 1979) a d  bed-maLing actMty Eagland, 



& lbghd, 1971). A revïew by Mountjoy and Lewandowski (1984) of pmccdures for 

tragniigahorseto fetchagbvedreîutnitto î îsowmx~thaîtheBCpnnedute 

w a s k n o w n a s a a e & e c t v e ~ o f ~ r e s p a ~ l ~ e s a l u a i # s m t &  19thccntiiy, 

despite the k t  that the procedure bad mt yet been idedbd tbtough bebaviot rinaiysis. 

More s y s t d  studies tbat bave been donc mvok conperisom of at least two 

of the tbree chaining procedures- For FC and BC have been m pigeous 

(Piscareta, 1982), and in the developmnt of keybod skïRs m uDdagraduate students 

(Ash & Hokiïng, 1990). Piscareta fDurxi m âiffhme in o h e d  emr rates betmai FC 

and BC when trsming four white Cemeauir pigeons on two four-link chains. H o m ,  he 

did observe that the acquisition of the nrst cbaîn mierfires with the aquisition of the 

second chah Ash and Holding suggested that m ciear ciühmax exists between FC end 

BC evident m the iiterc~fure. In trainiqg 24 qwrter notes piayed singîy (grouped into three 

sets of eight), thcy asessed the n u m k  of mlodic and timing emrs m n g  the 

participants- Melodic and timing enors were higbg m TTC than m either FC or BC. 

Comparisons of BC and TTC have been c d  out m at least two shdies. 

Spooner (1984) stuckû the p d u r e s  d to train thc assembiy of a gate valve ami a 

drain by severely and profiimdly n%rded persoiis. R e i d b t ~ e m ~ ~ l t  m the fônn of paiPe 

and hdsbake, eating pudding, or boking it books was presented for ach component of 

the &am. p m g u i d a n c e  prompts, g- PmpP d-pn,w (Le-, Pm 
are thet supplcmcnt traniis& which are mt part of tk &mi, desircd khavior) were 

faded, and emrs duceci ovcrall during the course of training the tasim. TTC and BC 

wenaqually~,dSpaersuggestedthsttbefirtthattbere~morctraiaisg 

than m pmious shdrs could be the mason. The TM: pmcedurc appemed to produce a 



greater rate of behavior change per mit tmie. Thus, to determine which procedute to use, 

oiie should consida the munt  o f  tmk@ requmd to criterion a d  the rate of behavior 

change (Le., the anmunt of bebavior chsnge per thne spent m train@). 

Zane (1981) cumparrd the e h  of kdback only (~~ to as "Postguidaiioe) 

with the efFects of prompts and fkedbck ( r e M  to as "Preguidance") on rrspoadiiig 

d e r  BC and TI% procedures. Modemteiy a d  severely rrtarded participants assembled 

four %part assembiies (e.g., czvburetocs and bicycle M e s )  m all four procedures. 

~uditory, visual, and tactile pn,mpts were fkded duhg  the training sessions, anci were 

controiied such that each preguidaace pocedure haâ a smiilar number of prompts. The 

timespentto8Cquirethechaiidamouatofguidaeceindicatethatthe~~pnguidence 

procedure was the most efikctive. The number of emrs was hi- m both TTC 

procedures; bowever, preguidance resuited in fèwer emrs than postguidance in the 

mderately retadxi popdation ConverseLy, the highest ntsmûer of ofrs occurreâ d u h g  

the BC procedure for the severeiy retarded group. 

WaOs, Dowlet, Haught, and Zawlacki (1984) mvestïgated the e&cts of FC and 

TTC ushg pmgmssk prompt dela.. Vodonai  re hsbilitation c h t s  coqieted four 

ditfèmt 12-part assembIies (electric drill, lawn mower machine, bicycle M e ,  and elcctric 

mixer). Each time a correct responsc occrirrsd, the deiay between the prrscatstion of the 

. * .  discrniuaet ive~andapmmptwss~Thenimiberof«r0rs ,pru ,mpts  

provided, d seconds ofbahhg timt were assased m foin conditions: TTC with 1s 

progressive deby (Le., 1s W. 3s vs. Ss), TTC with unliniited deiay (Le., m prompt OCCUIS 

onsubsequmttrialPimlessanein,roccurs), FCwithprogresshedekyaidFC with 

unlimited de&. Mam effects wm foMd fbr prompt Qky (progressk was more 



e&tive than ~nlimited)~ ami a sigaineeni intera&n was fiund between tra8iiag 

sequeme and prompt dehy intaaction. Tk T ï C  procedrirr with unlimitecl delay 

produced mm errors tban any of tbe 0th 3 proCCdures, However, ifTTC is coupled 

with progressive prompt delap, it c a ~  be as et8éctive as FC. 

Iii oœ of the first systematic studics of the three procediire$ Wallq Zaiie, and Ellis 

(198 1) required vocaiional rehabiliEation cliaris (mWy to moderate& r d e d )  to 

coqlete three cornplex assembk (carbwetor, WIe crclee7 and mat griader). Usiag 

d o m  assignment of p a r t i c i i  to coodition~, a d  coimserwing the order of 

presentation a d  assernbLies, Walls a al bad each perticipant leam by a dîfkmt method 

on each of thnc consecutive days. Iiistniction and &yshd prompthg were used m the 

aaiiiiag trials to facilitate 1eamïng new steps m each conponent of the chah. A measure of 

the proportion of emrs indicated FC and BC wm smiilar7 while TTC tesuhed in a bigbei 

proportion or errors. However, a probIem here is that the number of responses was not 

epual-FCdBChedasmiilarmimbaofnspoir~swhichbedtobeematedto 

complete tbe taslr, but 'LTC bed Gemr tesponses iequÿcd for o o m p ~ n .  It might be the 

case tbat ifthe TTC prooedure allowed for more respomes, then the proportiouate 

number of enors migbt be bwer m that corditnn (Le., at least quai to the o t k  two 

procedures). Ho-, ~sepeaicipamdswb rquoedthe ~ n u m b e r o f t r i a i s  m t k  

TTC mtbod wrre also Buid to be ttspoIiSiMit tbr tk -est mmiba of mors m the 

TTC method. Wah et aL suggest that bwer-hx$ioning iadividd (modaately rrteid#i) 

niaymslremorre~~~~wahthc~CmethoQtbrnwiihtheFCcmdBCprocature~. 

However, the resatrch by Ash and Holding (1990) mentioncd auk suggests thst this 

hdhg also occurs in the undergradwe s t u b t  popuiation. 



TheRerPeat s* 

Spooœr a d  Spooner's (1984) revkw of cheiiiiiig procedures m sadYs ushg 

~che0aigedHidividualSsuggeSfedtbettherrsultsarrmixedonthere~ 

effèctiveness ofthe chabhg proacliues oiitlincd above. Lfboth ef?ktiveness a d  

efiiency are muonable criteria on which to base a leamiqg oidcomc, t h  we œed to 

examine which ckpdent  vaiabies masure thne cntaia (e.g., thne to compWn of 

chah, numba of correct and incorrect responses, end trials to cnteria). The amber of 

trials does mr iucessarily have a tmie aipuhion - triais can take any amount of tirœ to 

compkte -so uniess mearchets coatrol fbt this miable, ït is i 9 d i f t i c u l t  to asscss the 

wnmcbution ttiat informstion about the number of &als niales to the body of bwiedge 

about chah@ procedure eEectiveness. Also, fluency of paformance (Le., tht aise, or 

speeà, with whrh one perfonns the sequene of rrsponscs), rather than simple accuracy 

measms,mightbettermdicetewhetherthenewlyaquicedsLiUkmanïamd 
. . 

and 

geoeraüzed Spmner and S p œ r  also -est tbat the rate at wbich comct nsponding 

accelerates, a d  etrot @iiency decelerates, is an indicator of hmhg. Fiirther, rate of 

responding is a good indicator of future leamipg. 

As IllieLlitjOned, thae bas àcn m clear shdy of the niative e&ednnness of di 

tbreemainc~pn>cedufe~~C,BCdTTC)wtiilcbD~~feciJeiyspecificd, 

controlled sbaphg parameters constsnt. Tbt preseut m h  coabribuses to the body of 

knowbdgemshapingandchainingareas, butm>rrspecifioallytotbcraçaofc~ 

effdveness. In order to carry out a systematic sndy of c m ,  the present shdy 

employed metbods tbat were eneçtive m pmiious research. A modincation of tbe 



vide0 - tracking systern & previoudy (Pm & Lcgris, 1987; Peat et d, 1996) was used 

to d e t h  ifw system iP e & t k  in &abhg a chab of arm movements, The study 

asess#i the relative e m  of FC, BC, and TTC procedures, wliüe hoid& the 

sbaphg -ers (FSS and BSR) fôr estabasbing the responses meLmg up the cbsm 

collstant. 

Rationak for ADpoach 

There are a nurnber of questions about niethodology tbat may be reisd First, 

why did 1 adopt a behavior analytk approach to this problem ratha than an 

hfknmtial- staastical . . approach? The main reason for thïs is tmsed upon the prmigt that 

we may be able to eventuaUy discover some gd Laws of behavior. In order to ascertain 

whether a general iaw exkts, we must estabiish that an effcct on an independent variable is 

present for each participant in a study* Wbile it niay be hteresting to detetniirie what is 

true for one group of individuais reletive to amthet group, aich an appmach does aot 

guarantee repocabüay across ibdividuais. For mstaiice, ifwe nad that on the average, FC 

ami BC are mre e fk tbe  m tenrs of target response nite and number of trials completed 

thaDTTC,therr isrnguaiaateetbatthis istnuCoreveryo~.~mm~ wehdtbat 

thisistnieCotereyindividdmanmiydslmplt,thaei9agoodcbgnccthstit 

will betnie Eorvimiany~mdividuaisw& nttkspeciticitionsofthe -le. 

Two fiirthx questions arise h m  the above: (a) Why mt use a large 

numba of perticipants and (b) Why use a betwten groupa design? Sichm (1960) 

suggests: 

As acrhbnof reüability and gaieraüty, intembjest rrpücetion is a more 

powaflll tool than istergroup repiication. Intergmup replrstion provides an 



inciicator of reliabüay iriso&r as it demonstraîes thad cimges m tbe centrai 

tendency for a gmup can be rrpeated Wth respect to geriereüty, ho-, 

htergroup tepkation does mt eiiswcr the question of how niany gdinduals t h  

data actudly rrprwed With iritersubject feplicatibn, on the otber band, each 

a d d i t i o n a l ~ i r i c r e a s n , t h e r e p r r s e a i a t i v n i w s o f t h e ~ h k d ,  

replication of an eqmhmt mih two estabübs greater gnierality for the 

data among the hdividuds of a popuki4hn tban does repkaîion wiih two groups 

whose individuai data bave been comboied (p. 75) 

Thus, wheaane~iptepLicatedacrr>ssiadiMduats,wrcanf#l~~ooafiQntthst 

there is a systematic i h h g  that germahs arxoss 'these individuais. To 811swer the 

question of how many participants one shouki use in an expriment, I appeal to my own 

prevïous work and that of others m tbe area of sîudy. As Sidinen suggests, my amdividual 

judgment is not anabgous to a 'îwhitnn; rathcz, it is tmsed upon accepted mefhDdobgy 

within the field. In mkwing the bebavioral literaîure in the IsuodUCfiOn, the nimiba of 

participants m aii of the shdies ranges h m  1 - 22, wîth the mcdian (most refkctive of 

central tendency in this popiletion) at n = 4. T h e  is a bimodal cbarscteristic to the 

populationofshdia: n= 1 andn=4bothreprrsentthemodeofs~mpiesizemthe 

literature. ~ann=4f9reachco~nwahmtbec~shdyisconsirrteintwith 

theres~archcarndoutmthelitnahinandhoiitiabotatory. 

AnutherpointtbatSidmim(1960)~ipthiitmniftbaekiinaror(ie., if 

my~aremtfeplirstPAm~rrsearch),~thnratkasitbt*~scrreofsciawisthat 

itisseIf-~~triective.The~aesalsot~infiaentirl-siatisticadesigilqwfnchspscsstbt 

dinerences~aciSimceotral~hfor~~~groups.ThedinérrswrirtbstIam 



mterested m what b tnu for individuals, whkh should gaurrilize to the group leveL An 

i n f i -  statistical approach c a m ~ t  w e e  tbat whiit is geœdly tnie for a 

population is also tnu for each adividual wntbm tbat poputition. Likewise, exûapolatiiig 

to an entire popdation h m  a smaûer sample sis may not be w k ,  but over tmie evidcnce 

hmthedatawineahetsupportorconedtheearkrnndiqgs. 

h t h a  question is: Why spüt the comparisoœ 811~)ng thrre groups ofadividuais? 

Whymtsiiap~~idthreecoaditio11~ford~rpants?ThereagonfOtthisi9thatm 

thepast,whenI~~placed~ipaniSinoiiesndyUlddermretbantwo oomperisOns, 

the resuhs have idicated tbat fhete is considerable interfrretrce between the coaditions. 1 

bave observed much cl- difhmes when t& only two levek of the idependent 

variable on each partkipaat- 

Based upon previous research in both areas, I predicted the hllowing. First, the 

modiûed wmputa algorithm wodd swœdbHy shape limb movemmt toward aü of the 

targets contained in the nxed sequeme a.ained- Second, the algorithm would be successhil 

mbilitatmg~w@FC,BC,and?n:procai~~~Ilmticipatedthatthe 

trainiog time wiU be sborta m the TTC condition, than m the FC and BC procedures. 

Methad 

Particibants 

Tweheparticipanis(8mcnriod 4womca,~age=21.1years)wacncniaed, 

for two sessions of one hour each, h m  Inttoductory Psychobgy courses et the UnivaSay 

of Uanitoba m partiai f M b m t  of thsir course ~bquiremenits. At tm of rrauitmnt, 

p o t d  particrpsids 
. * 

were told tbat the eqmimmt hvoived mving th& nght rnn 

aroundmadehedareato fiadmvisibktargets. 



AbDaratus 

An ex@mx&d nn>m (3.66 x 7.93 m) on the main fbor of the M R o h  

B u .  was used to carry out aii sessions and to coUect data A bladE drape hanging h m  

the ceiling m &ont of the participant's chair ected as a berria to prevent all but the right 

was the thteedimensionai spece in whrh limb movanent was tracked, Two Panasonic 

W - B  1200 vicie0 camms, parailel to oœ side of tk area de- as the vghial chembn, 

were atteched to an IBM-compatibie personal cornputer equippeà with a VGA monitor. 

An XT computet mis "slave&' to tbe IBM compatible computer, and used to display 

discrimmative stimuli for each target location A computer program devebped to track 

objects m theedimensional space was used to coüect mfonnation h m  the camffas 

calculate ciata points, command tbe slaved coniputer output, a d  deiiver reinforcemnt. 

Three ciiffirent tones emiffed by thc conputer acted as: (a) i sbapmg sphere rehhwr, (b) 

a target hit teinforcer, and (c) an end of component reinforcer- The XT computer (&hg 

theparticipam)displayedArabicmmiaels1,2,d3toiictasdisgmmietivestimilifor 

tbe relevant mget. 



wodd oothemise be en overwbelming amount of deta The VA car& stored the Cartesian 

coordinates of the highest point of a white object on a b k k  backgroumi in 

three - duriensiadspace inaFirst-hFirst -Out(FIFO) bu&rlocatedinmmoryonthe 

car&. This b&ér ensured thaï data would not k Iost when the cornputa was brisy with 

other proasses (e-g., emittiig a tom d o r  wntrolling the slide projector). 

The VA cards recorded the most reœnt coordinates of the white objed relative to 

the targets seiected by the cornputer. This infomtion was then pmcessed by a 

shaping - chaniing program which paforms all the cornputer-relateci actions a h d y  

d e m i .  In addition, a sha~ian soherc opetateci by the program was c o d  to the 

target currentiy in e&a, and teacted accordmgly to the FSS end BSR m. The 

pmgram stored time of image, coordinates of the white spot and targets, distance h m  

targets, time and duration of reidiorcements. AU data were saved to disk at the end of the 

session. ReaEtime data were ussd to: (a) control the radius of the b p i n g  s p h ,  (b) 

deter- ifteSrcenient criteria was met, (c) present dwxnmaativ . W .  

e stimuli, and (d) 

present reidotcement. 

Bisk  fi& cbth attached to tht wails m u a d i q g  the tracking area rroQrod all of 

the Whial chamber tom b k k  A sleeve made h m  blscL polyestedcotton lkbcic wïth 

adjustable wrist and sbouléa drawstriiig cbsiirw wvmd the piutictpants 
. . 

'rightamLA 

shoulder wvcr niade h m  the b k k  poiyestedcotton GabrEc serveci to cover cbtbing h m  

the neck to the shoulda drawstrgig. A white spmdex thumbless mat coashucted with aa 

elastic WtiStband covaed the p f t k i p d s  rigût band. 



Procedure 

Each participant served in two 1-hout sessions. The eXpannentn met the 

participant m a special waiting mm, and escorted him or ha to the e- mm. 

Once thes th: exgmînmter denionstrateci a nimba of stmtchiiig exercises concentrateci 

on the neck and shoulda muscks, and requested that tbe participarit warm up pnot to 

starting the e><pewent. The participeid was thcn seated to the ieft of the area of the 

virtual chamber. A measuremmt (in am) taken of tbe p d c i p n f s  a m  (up to the 

knuckles) was entered hto tbe shaping-cbaining prograrxl, d the area comprismg the 

virtuai chamber was calculated by the amputer pmgmm The experhenter then 

requested that the pariicipant put the e- b k k  sieeve and white mat on over his 

or her own clothes. The experimenier then draped biack material cover over the 

participant's nght shouider such that the entire nght side h m  the œck to the wriçt was 

covered in the b k k  material. Next, the expirmnter asked the participant to read the 

instnictions(seeAppe~B).Tbe~iiswrrethesameforellthreecoaditio~.  la 

generai, participants were told that there were a niunber of mvisible targets to be k t e d  

m a paaicular order. A tone idïcated they were getting cbser to a met, and did not 

soumi as they m>ved nuthrr away. A dinaeot, hi*, tom soimdcd upon contact with 

each target. A third tom (lower m pitch than the 0 t h  two) sounded upon compietion of 

each component of the triai, d d e d  m a pomt recorded as wek Participants were 

asked to continue tryhg to iocate thc targets m the correm order untïi they earaed 8 points 

or 1 asked them to stop, whichever occurred first. Particiipauts were also eiformed that 

they could rest their arm on the table at any point during the session, as Long as they did 

mt remove the haid fiom the meîal cube. This mstruction was included verbauy m order 



to cut dowa on tracking losses. Prim to b@m@ the session, 1 asked ifthe participeni 

had any questions about tb pro&-- As questions 1 ans~eied by simpiy 

repeaîjng or parap- tbe instnictiOm slrrsdy pr~vLied to maintahulufomiityof 

. - 
a a i t m n t o w t ~ i p e n i S C ~ t w o ~ ~ f o r o i r p a n i c t p a r 9 a ~ n d  

experbmter was present to obsem the procedure. 

The research design was an Individual ûrganim A-B-A-B-A-B deSiga. 

Participants were d o m i y  assigned to one of thme combuiations of the three waditio~ 

(%, BC, and TTC) until each combiaation had a total of four participants Each 

participant was exposed to the same two attaneting treatments kughout sessions. Thus, 

the tweive participants recniited for the study we& domly  placed into one of the three 

conditions (see Table 1). 

To controI for order e f f i ,  each participant in a condition received the two 

chaining proceduries in a difkent order. For -, m Condaaon A, two participants 

were exposed fkst to FC ard then to BC. For the entire session, the two procedures 

altemated strÉtly. The o t k  two participants in that condition received altemîthg 

treatmeats of BC folbwed by FC. Each condition was counter-bahnced m this m m .  



Table 1 

Condition A 

1 Condition B 

Condition C 

Fomard Chamiiig 

Total T '  Chain@ 

Total Task Chaiamg 

B a c h w g t d C w  

4 

(2 m each O*) 

4 

(2 in each O&) 



Table 2 

Conmiieats in Tmhbgrad Test Pheses by Pioosmm and Total Points Eamcd 

Total Task Chainmg 



Shaping was u& tbroughout the chaining procedures to train thc kmthn of 3 

targets, eech with a 60 mm radius, and 200 mm ripas h m  each other. Tht recurded x, y, 

z coordsiates of cach target d e W  the Location of the sbepiqg s p b  around a &en 

target. Each mget had a sbaphg s p b ,  ôut it was only achted whca that target was 

seiectedasthenextone to betreincdormestabiisheddiiringthe~adpbases. 

Before a given target had ken contacted, its shephg sphere nrpItnded to the cumnt 

location of the white-mitted band ad coatracted according to an FSS criterion o f  5 mn to 

successiveiy change the derion fbr rebhrcement (see Figure 1 fw a flowcbart of the 
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Fimire 1. Flowchart of the computer algorithm used to shape and chah a sequence of 

responses. 



algonihmic decisions)). On subsequent trainiag with a given target, tbe h p i i  spbere 

radius washhi lyequah  tktargetradnisAto~wasemittcdbythecompiitetto 

m~rce~0~withtbesbap~sphac.Tbeb9c~92twassetat lOm&aid 

o p e 4  for the active target thugbout minkg, d k  a@ of 5 seconds iu which 

reinfoscenmt did mt ocan (BSR = 10 mml5s). In tbio m, FSS and BSR paaaniieters 

fourd to be efkcthe m work by Pear et ai. (19%) and Crone-Todd ancl Pear (19%) weie 

used to shape the topography ofrmvetœnt toward the targes(s) Iocation. 

Chahing the sequence in which the targets were kmted for each of the thme 

conditions o c c d  as fobws (see Tabie 2 and Figure 1). 

Forward c b a h k  LwOcedure. Once the first target was conacteci, a tone diffèrent 

fiom tbat used m the sbapïng-to-target pmcedme was emiîted by the cornputer. The 

shapkg spbae renmimed h e m  a r o d  Target 1 (Tl), accordmg to the FSS snd BSR 

values specified in the sbaping procedute above, lmtil a second contact mth the target was 

made. Upon the axmnd contact, the TI sbaphg sphere m bnga opcretcd. and the Target 

2 (T2) shaping sphae was achîed. A b  contact with T2 occurred, the Tl 

sbaping sp&erewasagainaetivated(ie., mihiîs Pitialeequaito thetmgetradiup). 

Contingenî upon contact with Tl, the T2 shaping rpherr 8iCtiVafed again Ona 'I2 was 

contacteci, tbe Target 3 (T3) sbiiping spbere advaed, Thus, thc procedure was outiined 

as fibws: 

Shqe to Tl (tom +1 point) =, Shape to Tl (tone) -> Shepe to T2 (tom + 1 

point s Shepe to Tl (tone) -> Sbape to ï2(tone) -> Shapc to T3(toms + 1 point) 



In each component of the chining procedure, a tone Mixent h m  tbst used m the 

çheping procedure was ptesented iot eachtarget contact. Tk toœ that was conthgent on 

target contact provided rekfbrcemmt fbr bcetiig each target witbin tbe sequence, mtil 

the clirrnit compoaat was conipkted 

Bachivsrd~hepimedllte.This~~wa9besicany~Inicaltothtabove 

procedure, except carried out in tk teverse ordet. Thus, dw procedure was as f9lbws: 

Shape to T3 (tom + 1 pmt) Shape to T2 (tone) -> Shape to T3 (tom + 1 

point) =s Shape to Tl(toœ) -> Shape to T2(tone) -> Shape to T3(tone + 1 point) 

Total task chinhg d u t e .  As IlhetlAiOned previousiy, the TTC trainhg 

procedure invoives pcesedog the total sequence of targets to the participant three tmvs  m 

a row. During the traiaiag phase, the sbapisg sphere operates around the active 

target. Thus, the pioccdure is outlined as follows: 

Shape to Tl (tom) --> Sbape to ï ï  (tone) -> Sbape to T3 (tom + 1 point) 

Note tbat the pmcedure as outfMd b id& to the finat cumpoœnt in each of the other 

two procedures. 

Test Phase 

nietestphase~uEredthatthe~~~ueoceastraawd~theniielcompo~ofeach 

train@ procedure be rrpeated nVe tirneS. For each rrpetition of the sequeme, the bwest 

tonewasemittedtoMcatetbatamttLerpointh89bscaeemed Asmmtianedpmiously, 

the trial ends contingent upon tbe test pàase aiterion, or whm 5 mai haw eîapsed since 

the beghhg of the aiaL 

Thespbenrcmeined~duriagthetcstphase,dreinfOrcementwas 

contingent oniy on target contacts and compieted threetarget sequences. 
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The meastres of interest concem tk efbctkmm ofthe procedine m place. Thus, 

dependent masmes inchde: (a) the mean nwnber ofcompleted treini4g and test 

sequences m a given procedure, @) the mean tirœ pec target bit m trainhg and test pbases 

per triai by p d u r e  by participarit, aid (c) mtrm cbange in target hit rate h m  train@ 

to test phase. 

The mean mmber of compîeted training and test sequemes indicated whether or 

wt a paaicuiar procedure resuhs m mie 0th cornpiethg both of these phases. For 

instance, if TTC is more effcctM m traniing thc sequence then BC or FC, than we might 

expect a person to mach criterion qukker m a TTC' session than m BC or FC. The mean 

time per target ba measutes the amount of tirœ it takes, on average, for participants to 

locate each target in both phases. The mean change in target ha rates indicates whether 

performance changes fiom tbe training phase to the test pbase. Representative grapbs of 

movement for the three comparisOns are inchded to demonstrate the topogmphical 

change in movement b e e n  the targets. F i ,  graphs of the dktance 

fiom each activateci and no~activated target, ova  time, idkates how qmtemticeuy 

representative ~ipeatSmovetodtbcoexttargctmthcsequence.~ofthis  

graph asesses whctber a partic* proCCdure might be mon likeiy to result in moviiig to 

adiffiéremt t~etthsntbeone&~bytheconpdaiis~icrctmtbtsc~ucl~ce. The 

d i s t a o c e - ~ ~ e r - t i m e g r a p h i c a l ~ ~ n v e e l p y s t e m i i t i c m , ~ ( e n o ~ )  

toward a target not cmedy defned as "iind m the chainn. 



During data coIlection, diae were a fkw occasions on which the hard drive ran out 

of space. Thfore  some of the data was bst h r  each of six participants. 

Resuhd 

BackwardV~Forward Cbsiniog~Figurt2showstbeavgageamountoftime 

spent m trainiiig d test phases for tmth coldiiions acmss al i  fQur participaniS. Notice 

that there is m consisteni cWè~ie~1~e between BC a d  FC trainhg tmie (Le., there b no 

clear advantage in training tim fbr one condaion over tbe othet), but that there is a 

consistent Merence m the amount of BC and FC test t he :  Les time is generally spent in 

testing during BC sequemes than m FC se~uences for ail four participants. 

Figure 3 displays the average arnount of thœ between target hits in both FC and 

BC conditions. Noie tbat tbere were more rapid target bits in the BC 

condition relative to the FC condition durhg eairiisg. This suggests that t k e  was more 

rapid leaming of the target positions in the BC condition than in the FC condition. As 

such, it might mt be airpiisiiig tbat the ar.wunt of tirne spent m the test phase (Figure 2) is 

lower in BC. That k, more rapid target position leamhg may have d e d  in faCrter 

repiicaiion of the sequenœ in the test phase. 

- - - -- 

Appendix C mitains the recorded sinmnary data h m  each participant in each condition 
for each triai over both sessions. Inciuded m the srmmiay are the trial numhetS for which 
data was lost in saviag to a fidi di& 
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Fimire 2. Mean amount of time in training and test phases for each participant in the FC - 
BC cornpanson. 
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Figure 3. Mean time between target hits for entire session for BC and FC procedures for 

eac h participant. 



F i i  4 shows that tbree of the ptmpats  . . inctead target response rate m the 

test pbase m both conditions. Wah the arception of CliliihQ, wbwe daîa idkates a 

decreaçemspeedduciqgthet~apb,m~~ipaniswerraMetolocatethe~ets 

again more rapidly &an m the triiaing session 

F i i  5 hdkates that tk Training Phase was completed at ieast as ofien, or more 

often, in the BC condition than m th FC condition. This relatioiisbip also occurs w k n  

CO- the percentage of completed trials in both conditions. Thus, it appears thaî BC 

generaily produces fàster (or quai) target hits duririg the eainmg phase, time to test the 

sequence, and completed trainhg and test phaseshases 

F o d  Versus Total Task Chahhg. Since the total numba of targets to be hii in 

the training phase was higher in T ï C  condition (9 target hits as compared to 6 in both FC 

and BC conditions), a rneasure of the average amount of time spent m trainmg and test 

phases is not a fàir one to consider: If the -et response rates were the aune, then the 

ûahûg phase durhg TTC wouM a u i o ~ î a k e  longer to complete. Ahemaîively, if 

TTC actually produced Wer response rates, then the tirne to complete the trainhg phase 

wuid obscure this nndisg. Thrq for m the comperisons of BC msus TTC (and FC vaais 

TTC m the next section), the masures of hterest cent= on the average tirne pet target m 

bothp~awregechsagemtargettespo~l~enteaOmtraniingtotcstp~dtht  

percentage of completed training a d  test phases, an by cordition. 
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Pardidpant Num ber 

Figure 4. Mean change in target response rate fiom training to test phases between BC 

and FC procedures, for each participant participant. 
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Fiare 5.  Percentage of trials, for BC and FC procedures, in which training and testing 

phases were completed, for each participant. 



Figure 6 shows tbat FC al- d e d  m a shortet mean tnne per target bit in 

esoornparedtoTTC. Howern,tbm k m  ~ s y s t a i i e t i c p r e s e n t o n t h i s  

measure driring the test phase- 

Figinc7showsUiath~~thtmeancheiigem~~ha~~tramiagto 

test phase rate hreased duriag TTC phases. For two partkipams, the rate per target hit 

decreased during the FC test phase. F i i  8 idcaîes that the pacentage of compieted 

FC trainiog and test phases was equai to, or greater than, those m TTC. 

Taken togetk7 these masures suggest tbat the FC procedure resuüed m a more 

rapid traineig target hit rate tben the TTC pn>cedure7 and that for 3 of the 4 participants 

the greatest reduction in target bit rates occiimd the TTC conditMn. It is difkuit to 

determine whether the greater chauge in target hit rate between traàimg and test phases h 

TTC is due to the effects of kerning during tiainmg. An & d e  explaaation wuki be 

tbat simethe trainmgpbaseproducedashortertarget hittmie hFC, thatthismeaswe 

was more fk to vazy in the TT% condition. T'haî Q simx there was more %mm to 

improve on the target ~sponse rate m the TTC coadition, th tbe data were mm likely 

to findagreaterbpmvemmtinssme. WbatthisdocssbDwisthatieamingocciaedm 

the TTC conditian despite sbwer target response rates during traingg. 

Bac- Versus Total Ta& C a r i g e g . F ~ 9 ; n d ; # t e s m s y s t e m s t i c ~  

ktween the average target ha time in BC and in TTC. Ho-, BC target hîts occurred 

moierapidlyfordfOlirpeririprmtsmtbcBCcoaditiontlien~tbe?n:conditino. 

Figure 10 sbowsttiatmd~therattoftargctharespotl~e~Erraistdintest 

phases for both conditions. Recall thet in the pnnOus aomparison groujw, that in some 

cases this rate decrrased For 3 or the 4 participants, ITC d e d  m a m e r  rate 
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Fiwre 6.  Mean time between target hits for entire session for FC and TTC procedures for 

each participant. 
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F i a r e  7. Mean change in target response rate fiorn training to test phases between FC and 

TTC procedures, for each participant. 
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Fimire 8. Percentage of trials, for FC and TTC procedures, in which ~ainuig and t&ng 

phases were complet& for each participant. 



Fimire 9. Mean time between target hits for entire session for BC and TTC procedures for 

each participant. 
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Fimire 10. Mean change in target response rate fkom training to test phases between BC 

and TTC procedures for each participant. 



Figures 12 through 17 are repmentative graphs of the distaar h m  each target 

over trial tnne for one participant h m  each comparioon condition. Event Iine a records 

the amount of timt reintorced f8r contact wah the sbaping sphere, and event lise b 

indicates when a rehfbrcer occuls fDt target contact. Genedy  movnneat toward the 

selected target inaeascd upon reinforcement. Further, when no reidbrcanent occurs, 

movement becam a bit more variable. Notice that durhg the test phase (event Iine d), the 

movemni toward the target brcame less variable tban m the treiaiag p b .  The 

movement varisbüay decmsed to mund 200 - 250 mtn away h m  a given target- Since 

the targets are ail 200 mrn apart, m could expect as a mmimrmi this k h i  of variation in 

mvement between the t h  targets durhg tbis phase. 

The target most o h m t  bgted m test phases was Target 2 (see Fii 12,13, and 

15). )[rd-, sosonrtriab mFCanâBC hkatedthat thebrrpestedtargetswae 

more often more difncult to relocate. That is, in the FC condition, mget 3 at tmvs took 

longer to reiocate during tcstiag (sw Fig. 14), whüe m tbe BC condition, tatgct 1 took 

longer (see Fig. 16), relative to the other two targets- 
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Fieure 1 1. Percentage of trials, for BC and TTC procedures, in which training and testing 

phases were completed, for each participant. 
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duration, event Gne c completed cornpanent ranforecmait, ud evatt linc d diata 

dumtian of ttsting phase. 
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Other Patterns of ResPoodmq 

Genedly, tk pattern of rrspoilding appea~ to bave taken on tk sbape ofa citck 

or trianpie by the tinr ofthc test phsPeg F i i  18 is a rrpnaentative sampk (Chhl l), 

w k h  covers 1 second periods sta&g et 67 seconds- Notice how &a a Target 3 hit, the 

movemas is to Targeâ 1, then to Target 2, and back to Target 3, aU m smcessbn (Target 

2 is directiy b e W  Tatgd 3 m this senpie). This was the pndicted pattern of movemmt 

between the tbree targets. 

An mterestiiig artinict of reintorcexœnt is thet s o ~ t ï m s  behavior is reinfotced 

that one did mt origina4. plan on. For bstanœ, Cbeinl and Chain10 both engaged m 

repuiarbandrrstmgmbetweentargethiis InFigure 19, weseecumuhtive 1 -second 

time slices for C h h l  (starting at time 38 sec.). Notice how mvement begb at the 

bottom of the cube, moves up to Target 1, then d o m  again, up to Target 2, back down, 

and then up to Target 3. For Chaml. this movemcni pattern begin during the nfth tri& 

whichwasthehttriaiïriwhichhecompkteddcomponents~ Thus,itappearsthatsince 

this strategy was efktbe durhg thip triai, and contimwd to be for the rest of the trials, 

that he mis more likeiy to use it agaio. At the completionof both trials, Chaial0 idkatecl 

tbat he bad used the baidnstipig as a way to orient betwœn tk targets, while Chain1 

indicated tbat he had used it oniy IDr mtiog -ses. Howmr, Chsml's reqoadiilg 

indicated tbat be bad ke iy  udergoœ smiihir contingcocies. Thus, 1 inaa dut Cbaml's 

haodrestiagnspoascsbadkeareinfO~despitebisvabalteport0therwise~ 

Figure 20 dispiays wbat rxmy be am* method of orienthg between the three 

targets. Chain12 q m t e d i y  used whiit I wiil tesa to as an "Lsbapeàn movemnt, m which 

Target 2 was ahivays c o v d  betwecD mets 1 a d  3. Notice how thc maisl mvement 









toward Target 1 is preceded by mvenmt at Target 2, then beck to Target 2, o m  to 

Target 3, and ûack again to Target 2- It could be t h  thip strategy is e e  of 

som kind of i andmd~ 

Discussion 

The most important nodmg is that aU three cbaSmPg procedures, m cornhath  

with shaping parameters, d e d  mail participants ieaming tht sequence of responses. In 

generai, BC appears to produce mer tr-, and more o h  results cornphion of 

~andtestphasarrlativetoFC.Thisnndmgismtwnsist~mthtbepreMous 

Merature, which suggests no systadc  d i f b m a s  b e e n  these two procediow (Ash & 

Holding, 1990; Piscareta, Spoona, 1984; Walls a al., 198 1). Wbiy does the current study 

indicate a diftkewe, when mne appead to occur ptevioustyl There niay be severai 

reasons for this. 

FSst, the curreut study hvolved a different ta& for assessing ditréiences between 

the procedures. As such, it is more dîfkdt  to i d e  "errors" (e-g., Walls, et al., 1981). 

In order to i d e  an error, we mi@ look at how o h  an mdiMdual moved through an 

out - of - sequence target (e-g., movement to Target 1 when Target 2 is currenily active). 

However, this mïght be a probkmatk definition of "errot" ifa partruiar pattern of 

respondmg develops which is efféctive for relocatiiig the targets m the sequence. For 

instance, the study reveals t k  two participants developed a "startmg position" 

strategy duriqg the task which fàcüaated ieaming the position of tbe three targets, while 

mother participant developed an L-shaped pattern, In all three cases, the strate* were 

effective in produchg the responses required fot target a d  comporient reinfbmemeut, yet 

requireâ more ene%y expendhm to do so. Whüe the most efficient manner to repeat the 



sequeme hvobes makirig a cksed triaii$le through aii thme &rgets, the peaerris obsemd 

heie suggest that what was wiisiderrd an aror for WaDs et aL's task is mt as clear - cut 

for the present shrdy- 

Aseconddinffmxistbatthepnsenishdyuriesanautomatedpmcedmewhich 

d o w s  for mre prrcise spccification ofthe sbspïng d chairhg paranieters. Thi, chaiige 

m apparatus opens up exciting avenues to pursue m fidrm res?earch. For mstance, rrseerch 

on developing the procedure and discoverhg whether eiiy difhmms betwea algonthim 

c h n b g  and band cliainisg exkt wül add mpOrtant information to the body of iiterature m 

the area of chaining p d u r e s .  

Another difference is that tbe cumnt study can more r e d &  assess the average 

time per target response wabm wbditions, wheceaS such precision may not have ban as 

easy to obtain m more appüed settings. Thus, differeiices tbat existed m the trainkg phases 

may not bave been as obMous m previous work. 

Whik it is ûue tbst for M o f  the participants, there was no dinennce m the 

percentage of cornphed minhg and test phases, for the otber W B C  did g- resuit 

m more compieted phases. It niay be that the 5 miaute oonstrabt on each triai to conpke 

aU eight compoœnts restfjcfed the pnccntage of wmpM phases. However, such a 

~ a l i o w e d u s t o  w ~ w h i c h o o n d i t i o n ~ m o i e ~ i y t o ~ m ~ ~ m p l e t e d  

phases dwing such a testncted thm. Such mrOtmatjOn may be anpOmmt ifoœ is 

considering which proadm to use in a tirne-limited setting. Anotk factor thst may have 

caused fkwer coapked componenb durhg the test phase was the absence of shaping 

dutmgthatphese. 
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F i ,  the presence of precise sbapihg m e r s  inay have IieSUlfed in increashg 

the ef]Eectiveness of both procedures. P- uada optimal conditiom BC is more 

effective tban FC. Lfso, then fiirtha nsearch sbodd consider various sbapbg parameters 

inw~nwahthesechainingpoccdure~todaammewhetbertbefunctiod 

relationships suggested in the present rcsnvch bid up unda such coaditio~s. 

The comprisom between FC and ?TC and between BC and TTC appear to be 

more consistent with the üterahÿe (Ash & Holding, 1990; Spooner, 1984; Zme, a ai., 

1981; Wak, et ai., 1981; Wails, et ai., 1984): FC and BC genedyresuIted m better 

outcornes on several -. It is ab0 ederestiDg tbat target ha rates usually mcreased 

most often d e r  the TïC condition, which is co&ent wïth Spooner's work A g a  1 

would posit tînt the reason for tbis may be thid during the train& phase target respoiise 

rates had more room to move m the test pbase than did the BC and FC response rates. 

FC ahost h y s  d e d  in more conpleted trainiqg and test phases than did 

TTC,aadwhenthiswasmtot,tbeywaeequalInoo~thcreweremcorisistari 

dinerences on these masmes between BC a d  TTC. This seems to be inconsistent with 

t h e c o m j m b n m B C a n d F C ,  sheBCresultedmtheseme,orgreater, pemntage 

of completed train& aad test phases. IfBC was & a .  mon e i k c t h  thsn FC, then we 

would expect tbat BC would resUn m an qd, or grcater, number of coqlard trahing 

and test phases than T ïC  ( ske  FC muits m such a îhhg). Sime tbip is mt tk case, we 

mi& assume that there an isteraiction e f k t  is present: each of tht procedures may 

diffaentielly atftct the outcorne whcn compared with a di&niit procedure. Fur* 

reseamhwilidto be&xstoestaMiPhwbdbaormtafbtbdrrhitionshipranaias 

stable betweenthese tbrre procedures. 



Thepresemstudyalsosuggeststhstwemustwnoida~tuoyhowremforcement 

contiogencies might afEd thc topogmphy of the cbaiœd rrsponses. For hance, m an 

appiied sethg it aiay be reamnable to expect a bdrest  between target hiîs. However, m 

some sauations where a partkular movexœnt is roqumd without stoppbg, it niay mt be 

prudent to devebp such a man of respoaduig- Further, respodbg at a dif&ent lidr m 

the expected sequence of responss may be e&ht fi,r ormtp$, but it m y  mt be 

effèctive in d situations. Fuaber research will k rrquàed to determine rmler wbat 

conditions mdividuais are m s t  likeiy to deveiop such discoInDnuous sequemes of 

respondàig. Systematic nndings m that area coukl help i d e  the best way to arrange 

contingencies ofreintiorcemeat in cbsining p ~ u r e S .  
In conclusion, the overail fiodings suggest that any of the procedures as camed out 

in this snidy result m l e a m  a chah of responses in 3-D space. As such, it would be 

important to continue this rrsearch to the benefit of those who require re babiütation of 

1Snb movenxat. The technobgy offérs en exciting a d  dynamic approach to limb 

mvement esiniig, while albwing fOr a systematk study of sam. 
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a particuiar response). Chahhg procedures (also r e M  to as stimdus-res~n,~l~e 

chahb@ use reinforcement to get a new response to occur (Martin & Pear, 1995). As 

mwtioned, it is mt just g response tbat occurs, but a distmct series of nspo~lses. Each 

response m the chain of nspomes acts as a stimilis for the next respoose, rintü the fimi 

TTC methoci can hvoive rrpetition, brit k is ofthe eatire cbain on each trai&g trieL 1 will 
. - 

now tum to a more m-depth exphatbn ofeach of the three procedures. 



fïrst, and ninforced. Next, the k t  response is repeated d then iinked with the second 

response prior to reinforcemmt. This coatimies d dl coïùpûaents of the cheni 

have been traioed A FC procedure mîghî be iiscd to train a new beiiL teller to balance at 

the end of their work day (Le., whea tbere is 30 minutes len in the wo* day). The main 

responses can be broken dom do:  (a) ciearing cbeques a d  bül p .  (b) recordkg 

counts of aii paper and com curmry m the t e k  drawer, a d  ad- up all coiumns of 

recorded amounts , and (c) detemine Zthe t e k  is b a l d  or mt, according to 

computer records. The stimuli for each response in the cbam would be: (a) cbck 

indicatÎng 30 minutes are Ml in the work day, (b) ciearÏng cheques and bi paynients ard 

(c) recording counts and adding coiumns. The seqkce wuid occur m the seme order 

each &y at the end bankiog, and is trained m this menoer. If the t e k  is bahcd,  then the 

supervisor may provide reinforcanent m the fom of verbal praise, andior Wtiffen 

evaiuation. Ln the biuilr t e k  example, the thecomponents of an FC procedure migbt be 

mined as fobws: 

(S 1) End of Day a Response 1 (Rl): ClearBig cheques and büls (Reinforcemmî) 

(Ri): C k h g  cheques and büls (S2) * (R2) Record and add cash (Remforcement) 

(RI): Clearing cheques and biiis (S2)(R2) Record and add cash +S3)@3) balanced? 

(Re*=) 

Note tbat m this example, trainiqg would take place over suaxssivc days, since it would 

be dii5cu.h to c h  cheques and büls mm than oiwx fbr a particular t e k .  Notice also 

that each response m the cbah is rehfbrceà during each p h  of train@, thus bxeahg 

the Wrelibood of those respoms m tbe As each response is pgressively added to 

the cbain, reinforceaient occurs only aiter the finai response in each component. Tfius, the 



emittiog of the e n t .  compoœnt aamed is teiaforced, tbereby kxeashg the likeiihood of 

tbe mmpoœnt(s) occunhg again. Again, the rem- at the ad of the entire chin 

mnmtaiw subsequent repctitionoftbt liœarorderofthe chah, oace it is establil3ud_ 

BacLward~.Inth ipprocedute , the~ns ir irrof thetra i i i ing i smthe  

ievezseoidertotharusedmFCpoced~.Tbektespo1l~einthcch~i9tramed~ 

thenthe second lestischaMdto the k t ,  dfinaûyth?nrStresponse ipcha9iod to the 

finai two responses. Thus, m the t e k  example, the followiag mi@ be used to BC 

balaacmprrspoIses: 

(S 1) End o f  Day s Rwponse 3 (R3): Balanad? ( R c ~ ~ )  

(S 1) (R2) Record and add cash s(S2XR3) Balariced? (Rcinfonxmznt) 

(SI) Q I ) :  Chuhg cheques and bills (S2)@2) Recorâ and add cash 

=(S3)@3) balanced? (ReinforCernest) 

Hem, the nnal response has been reinforad nrSt. Each subaquemt cesponse that is tramed 

on sutsequent days is chaiiwd to the final response, which bas an mcrpased iikelihood of 

occurring agah As Martin anci Pear (1996) point out, this type of traiillrig appears to be 

%kwairdsn fi0111 how we migbd mmmRy think to trem a lincar order of rrsponses. 

Howwer, mtia that m a BC procedure, the final response is aiready reinfdrced Thus, the 

devebpmnt of precwsoc rrspoases in the cbain is s t m g h e d  t b u g h  the use of 

c o n d i r i o œ d r e * ~ .  

Total Task Cbainh. This produre  boives trainhg al the responses m a  

particular sequence each the .  The maimer m which the components of the chah could 

fimction in the bank t e k  exampie are as folbws: 



Stimuius 1 (SI) End of Day Response 1 (Rl): Cltaniig choques and bills 

(S2) ClesrPi$ = (R2) Record a d  add cash 

(S3) Record and adà cash (R3) balenced? 

minfo-1 

Thus, we can see thaî the end of day can act as an SD to be@ the cbamcd responses Gr 

balanchg.Ovaaiiumberofsequexuxs,the6nalresp~(balanchg) iscbaMdtothe 

immediateiy precedîng respoiise, thus rrsultmg m the E o r m  becoming a conditioned 

reinforcer for the second response. The sam relationship devebps between the fhst and 

second responses, as a nmction of their relationship to the tbird rqmrrse- The 

re8iforcement at the end of the seque~lce is the "oii" that keeps tbe chem moviiig smoothly 

(Miutin & Pear, 19%). 

Simüarities and dBkmms in the three ~mcedures. Mikenberger (1997) points 

out that all three of these procedures bave similanties and dinerrirces. Fht ,  ail are used to 

teach chahs of bebavior, as describcd m the h k  t e k  example. Secod, they require ta& 

anatysis(bealriqgdownthech~mtoitscompo~parts),piomptisgdfidmg~ 

DEerences in the produres are b k e n  dom 9ito the foilowing: (a) FC and BC dî&r 

hm?TCmthath?TCtbeaitiretssLisptesernedoncach~wbücFCdBCtrain 

one compoœnt at a tim, mi tkn 1 s  tbem together, (b) FC is differmt h m  BC m tbat 

BCcompletes thech~m~h~dthefiniilreiniOtceri9provided,d(c) FC, as 

c o m p a d  to BC, may use dinarnt reinfarcers for e a r h  companeasS of the chah, mtil 

the last bebavior of the chah is iinked to the otber componetns, 

D ~ e ~ ~ e ~ a c t a s s i g n a l s , o r c u e s , t o ~ e  

when a partich response wiii resuit in teinforcement @&th & Pear, 1995). The 



example Martin & Pear use is tbat ofa teenaget who uses profime m e .  In the 

pfesence ofhislher aieads, swearing may be comxpted by iaughîa, praise, et cetera, 

w k h  couià serw to remforce the swearhg bebavior. However, m the presmce of parents 

p m  may even folbw such verbai bebsvior). Thus, tbe teenager's aieids act as a 

. . -  dimmimetive stimulus to swear, Smce that bebanot i9 likeiy to be reinforced. In contrast 

* . -  
to discrrminative aimu& S-Dcitas ïdicate that responses will mt be reidbrced (Le., 

exthdion or nonteinforcement consequate kbavior). Thus, the presence of the teenager's 

parents and granclparents act as an SA fOt smariiig, since that bebaviot is mt Re$ to be 

reinforced m that situatiom 

Note that in the above situation, the teenager can iearn to cespond appropriately 

through contiagencies alone. Ho-, if Wshe leanis to state the contiagencies, and act 

on that statement, then his/her bebavior can be csllcd nilc-goved 

Exthdon. In order to decrease the proûabiiity of a response fimm occuariiig 

again, exhaion niay be used In this procedure, a a n s e  which was previously 

remforced is no longer remforced (Slrimia, 1938; S W ,  1953). The subsequent resuit is 

that the response wiil becom kss likeiy to ocna again m a simüar situation Notice that 

this prhciple operaies 8ccomhg to the tirtec-term contingency ouumed f o t r e i n f o m t -  

E~ni9diffaenthmne~~iatbiitthaeisarerilo~ofapmiio~- 

occurring reinfi,rcer whm rqmnding 0 ~ ~ s .  and the absequent e&t is to decrease the 

probability of rrspondhg again in a simüsr siidon. For example, asmm tbat a partic* 

student answers quite a fêw quesfions put to an entire cksrw1n, NOW, ifthe teacber no 

longer caOs uponthis d e n t  to answerqucstiOn~. studentwiiistop 



answernip questions. An importanî aspect of extinction is that the bebavior is Iikeiy to 

increase behre it âlmmhs. . . -  Thus, the sndeat is Wreiy to d e  mises, snsp tbeb @ers, 

or even b u t  "Oh! 1 hiow it!" prior to the point at which tbey stop aasmriiig questions 

mciass. Wemightrefkrto thisimeaseasoœof ~ m n s w n d i n n , s m C e t h c f o r m  

of the behavior changes a&r exthion is applisd 

It is important to d k h g k h  the principle of erttinctioa h m  the principle of 

puaishmeat. In pimishmnt, an aversive consequence foUowhg the occumnce of a 

particukr respoase resuits m the demase of the reprise m simik situations (Uarim & 

Pear, 1996). Shspiq as d e M  k e  does not incorporate p\misbmnt Rinifhmeot oniy 

serves to stop a particular response h m  o c c ~  - it does mt provide any iDfomatbn 

on how to rrspond. In addition, the nature of the way m which extinction a f h t s  bebavior 

is mtegral m the development of a new response. As we will see, variabiiay in respondbg 

resuitiag h m  extinction is hiegral m shaphg a new nsponse. 

Facihg is a motber proceduce used to produce graduai change ( M d  & Pear, 

1995). Here, reinfomsmnt of cioser approximations to a f i d  desiceci stimuius for a 

~ u l a t ~ ~ l ~ e i s ~ i a f ~ ~ T b e s t e p s ~ f j d i i i g d o a o t a e c e s s e r i l y E O r m p a r t o f t h e  

targeted sthmh controi, and mvolve the wrccessive appiïcation of reinfo~ccmeat (Le., no 

extmction is used m fsding procedures). For example, Ming couki be wd to teach a 

cMd how to sey tht word 'khipn when f b d  with a potato chip. At the begiimmg, the 

traiuercouiâpoiutto the~hipcindsayUWbstkthis?",dtbeasaybudly~!~. 

Reioforcenmt is provided when the chilci mïmics the word u~hipn, and on successive 

trials, the vokmie of the traiter's ut&mnce of "chip" is reduœd, and finally the cbild says 

"Chipn when asked "Wbat is this?" whik you point at the chip. 
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Prompts are stimuli used to suppiexnent trahing, but are mt patt of a nnel desmd 

stimulus (Tombette & Howard, 1984). Rompts can be verûai, g- or phys* Ail 

three types of prompts provide a cue (or hmt) to person about how to nspond Verbal 

prompts are uttered by a @aber. For Brrtance, in taiehg a cbild to make a b d ,  one might 

say "NOW it's tniie to put the bottom s k t  on the ôed", and then Waa fit than to do so. 

A gesturai prompt aiay also be used m this situation, such as motioning toward the blanket 

that wodd go on the bed next (gesturai prompts do mt bhde  touching the pmon). 

Environmental prompts are those stimuli altend in the emirm~oent m such a way that 

they evoke a desired bebavior (e.g., a chart of seqwntiai bed-aiskirig tespooses posted 

above the bed). Finally, phpicai prompts, or guidance, mvobe touching the person being 

trained to guide the response. Iii the bed-maîchg example, one couid put thsir h d  over 

the hand of a chiM w h  tbey are ieaming to twk m the coniers of a sheet. Note thet the 

prompting procedures are wt mituany exclusive: AU of these may be used m any 

combination, and eventualiy tided h m  the sequeme of bebaviors such that tespondhg 

occurs *ut nienyoft&se prompts. 

Reinforcement. This is the term used to =Ber to a relationship that eicists when, in a 

~ensihiat io~atesponseisEoUowedby~eved,d~respo~l~e~~bsepucatty 

iocrraseS m probability m simüar situaions (Skinœr, 1938; Sicher, 1953). This 

reiationrbip is refkrred to as the three t e r m c o ~ ~  (Martin & Pear, 19%), 



some dents ,  prak niay bave m m  efnd on theiir su- behavior than the actuaI 

grade in the course- For verious reasons aswiated wah our unique bebavioral histories 

(Hayes, 1992), difkmt people wiü respond differew to difkmnt consequences for thei. 

behavior. In short, a co~l~eq- for a giwn respome aiay be mgaded as reniforcing if 

been paird with priraery rehhœcs, such that they taLe on tbe propaties of a remforcer. 

PairingcaresasduringGesdiqgresulis~caiessesbecomisgsax>adary~~~e~~~ 

Similarly, praise is peind with ot&r reiiifotcas as cbüdren grow up- Thus, prsise for 

appropriate behavioc 19 often a strong teiafi,rœr m sociay. Faihme to pair 0 t h  



remforcers, such as praise can resuit in a to leam -rit primary reinforcers. In a 

society tbat uses secr>adary remforcers, such idhidual9 niay be regaded as 

developmotally delayed 

Sb& Sbaping is deîbd s9 the reWLI'RrnetrC of succesde a p p t o ~ n s  to 

a targeted behavior (Skinœr, 1953), a d  bas been uJcd to sbape many behaviors such as 

limb movement m stroke vrtmis (Taub et al., 1994) and the band-heu position of a s t y b  

m tiireedimensionaî space (a-, et ai., 1996). Sbaphg is used to mDdify respondmg until 

a targeted behavior occura SLimiet poids out tbat w k n  a particular q n s e  is sheped 

there is nothhg suddea about the novel bebavior - it occurs baseci upon the previous 

approximations in responding toward the goaL ~owever, this does not preclude 

movement toward the targeted behavior during shaping h m  occurriDg abcuptiy, since 

once movernent is reinforced, it is m>re Iürely to occur again The original probabiüty of 

the novel respome is very bw, or even at mo wben starting out. Chiesa (1994) suggests 

that shaping best illustrates selection m actb11= An obsmed bebavior SUCCeSSiVeiy 

reinforcd is seiected by niaforcing consequeaces, imtü the production of a diable 

relation between bebanor and c o ~ l ~ e q w  occurs. Thus, the t&ee-term contiagency 

describes the natutal-seWn proces, and the Mderstaidiiig of these pmcesses tbtough 

behavior anaiysis bas resuhed in the successnil appiication of shaping as a procedute. 

Sbaping uses two of the priacipies outlmd above to hcrease the probabüay of a 

no vel response occmhg: reinforcement and eidiriction @kth & Pear, 19%). A 

response that in som way resembks the finai targeted bebavior is reiafi,iced at the 

begionmg of the procedure. The next step is to put tbat response on exhctbn. and raise 

the criterion for teinforcement cbser to the targeted response. Galbicka (1994) suggests 



four main coacerns in the sbapisg process. F i a  you must start where the o r g e  

begjns respondingC That is, the nrst nspoirie k the starhg point h m  which the Criterion 

for orinforcenmt sbiRs toward the targeted bebavior. SeCoad, the taiamal q n s e  must 

be clearly de- 9 order to fircilitiite the dctermiileiion of steps tequÿiiig mastery to 

reach the end go& Ifthe goal is irrprrcise, th spe@bg tk step to achrve it wiü be 

~ ~ i n d d ~ i i i r b e s t t o u s e s a i e l l s t e p s t o c b s n g e t b e c r i t e n o n f o r  

remforcement, such that that iespoodmg will mt corn under too bigh an extinction rate. 

Ifexthdon were to oaw for too bw, then oœ risLs bsing the behavior already 

established m the shaping muence. Thus, ï t  b e b v e s  the behavior modinn to use 

dcientiy smaU steps to ensure bebavior is mnnilimd 
C Fiaally, anovement should be 

reinforced, rather thm position. This concept is m agmemmt with researchers (e-g., Pear, 

et aL, 1996; S m ,  1953), who suggest that it is the d i . n  of respogdmg tbat is 

required for shaping. Indeed, eftéctive sbaping wouid seem to q u i r e  som sort of 

variability in responding m order that movemcat towad tbe target bebavior wodd be 

more WEely. Thus. m programmhg an efkcthe sbaping algoritbm, one must ensure thaî 

r e s p o a s e s a r e ~ i e n t i y v a r î a b l e s o t h a t m o ~ i s r e ~ r c e d  



Instructions to Participants 

Your task is to locate a number of invisible tvgds in a particular sequence. The cornputer 

selects these targets, and indicates wben you am gatiag closer to a particular target by making a 

tone sound The tone will not sound as you move f b r t k  away. When you make contact with a 

target, you d l  notice a dincreat tone souds. Somdimes wben you contact a targa a caopleidy 

difkrent tone wül also sounci. This a d d i t i d  tom mdicates that you have eamd one point. 

Somairnes, the cornputet program may bave you repeat an already-ieatned target to ensure you 

have leafned it sufficiedy. I f  you have prcviously aicountered a target, a d  the cornputer q u h s  

you to find it again, you will not earn points foi that target again Instead, you wiii hear the 

d i f f m t  tone you heard previously that indicates you have found the targd Once you nnd a 

diffnnt target, you will earn mther point. The computa screen directly in boat of you will 

display the target number in the sequence that you are currently learning- 

Once you have found d l  the targets, the prograrn wili require that you cepeat the sequeme a 

number of tims to ensun you have leameâ 1 

The object of this part of the acpaiwnt is to train you to nnd a numba oftargas, anci thai test 

to we if you have lameci tbe sequare in which tbey must k hit Kcep trying to nad the mets 

a d o r  repeat the sequcllcc in wbich you lemai than until I ask you to stop. This put of  the 

experiment w i U  ad wbai I indiate so, a w h  you brvc gWd 8 points, whicbCV~ O O C U ~  aRt 

Atanypiutmtheaiil,youclmnstyour.rmmthctrble. 

Are there any questions? 



Appendix C: SuwiarEa o f T ~ l  Data for Each Participant 
BC versus FC 

Data Lost 

Points 

3 
6 
8 
2 ,  

n 

Participant 

ChrrirA 

- 

Chain5 1 FC 0 - -  0.00 297.50 NIA NIA 
2 BC 4 64.30 233.20 64.30 77.73 

136-10 161.40 45.37 
2 0-00 297.60 N/A 148.80 

Avg 
Train 
80.23 
2357 
21.23 

148.80 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

26.1 O 
54.07 
46-90 
17 -30 
14.27 
24.33 
12.23 
24.73 

Avg 
Test 
NIA 

75.63 
25.88 
NIA 

Trial 

1 
2 
3 

Test 
T h  

. 56.80 
226.90 
129.40 

0.00 
10.72 
NIA 

156.90 
9.74 
6.46 

36-15 
630 
8.52 

Condition 

BC 
FC 
BC 

Train 
Time - .  

24-70 
70.70 
63-70 

297.60 

FC 
- BC 

FC 
BC 
FC 
BC 
FC 
BC 
FC 
BC 
FC 
BC 
FC 
BC 

4 

8 
8 
8 
3 
8 
8 
8 
8 
8 
8 
8 
8 
7 
8 

78.30 
162.20 
140.70 
51.90 
42.80 
73.00 

FC 
5 
6 
7 
8 
9 
10 

8 
3 
4 
8 
8 
7 

36.70 

BC 
FC 
BC 
FC 
BC 
FC 1 

11 

53.60 
13530 
156.90 
48-70 
32.30 

224.60 

150.80 
88.70 
45-10 
29.20 
51-70 
55.50 
95.80 
65-30 
43.60 
42-60 

108.20 
42.00 
82.10 
64.70 

12 

108.80 
145.80 
59.20 

268.40 
98.90 
70.60 
51.70 

107-30 
52.70 
77.00 

12130 
43.90 

215.40 
60.80 

31.50 BC 8 

30.16 
17-74 
9.02 
NIA 

10.34 
11.10 
19.16 
13.06 
8.72 _ 

12.52 
21.64- 
8-40 

20.53 
12-94 

42.60 1 74.20 FC 

36.27 
48.60 
19-73 
89.47 
32.97 
23.53 
17.23 
35.77 
17.57 
25.67 
40-43 
14.63 
71 -80 
20.27 

8 



, 

Poiats 

8 
2 
8 
8 
3 
6 

Codtion 

BC 
FC 
BC 
FC 
BC 
FC 

L 

Participant 
L 

Chain10 - 

Trial 

1 
2 
3 
4 
5 
6 
7 
8 
11 
12 
13 
14 
15 
16 
17 
18 

Test 
Tirnt 
55.00 
0.00 

90.60 
64.70 
13.20 
133.70 

FC 
BC 
FC 
BC 
FC 
BC 
FC 
BC 
FC 
BC 
FC 
BC 
FC 

4 
3 
8 
8 
8 
8 
8 
8 
8 
8 
3 
8 
8 

1 

Chain1 t 

1 

BC 
FC 
BC 
FC 
BC 
FC 
BC 
FC 
BC 
FC 

14- 

1 
2 
4 
3 
5 
6 
7 
8 
9 
10 
11 
12 
13 

Train 
Thne 
90.10 
297.60 
173.50. 
168.20 
284.40 

- 163.9û - 

Data L a t  for ail Triais in Range I 

Data Lost 
Data Lost 

' 87.20 1 210.30 

Avg 
Test 
11.00 
NIA 
18.12 
12-94 
N/A 
44.57 

8 
8 
8 
8 
7 
8 
8 
8 

- 

87.20 
N/A 
28.18 
16.34 
15.48 
25.78 
18.12 
16.46 
11.06 
15.74 
NIA 
9.40 
11.28 

151.20' 
140.90 
81.70 
77.40 
128.90 
90.60 
82.30 
55.30 
78-70 
179.50 
47.00 
56.40 

Avg Train 

30.03 
148.80 
57.83 
56.07 
94.80 
54.63 

70.10 
48-77 
27.60 
27.77 
30.17 
38.97 
16.03 

- 33.40 
22.07 
22.03 
39.37 
17.37 
29.73 

146.30 
82.80 
8330 
90.50 
116.90 
48.10 

100.20 
66.20 
66.10 
118.10 
52-10 
89.20 

105.50 
86.90 
113.80 
80.10 
232.30 
75.40 
67.10 
175.30 

60.40. 
71.60 
56.20 
140.80 
6530 
85.50 
98.20 
79.70 

21.10 
17.38 
22-76 
16.02 
58.08 
15.08 

. 13.42 
35.06 

20- 13 
23.87 
18-73 
46.93 
21.77 
28.50 
32.73 
26-57 
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Avg Train 

19.83 
37.50 
17.53 
3130 
12.67 
59.77 
12.17 
40.80 
31.80 

- .  

1 1 20 1 TTC 1 Data Lost 

Avg Tesî 

19-60 
46.28 
12.20 
67.83 
8-08 
59. 15 
1 1.72 
17.02 
26.68 

Train 
Time 
59.50 
112.50 
52.60 
93-90 
38.00 
179.30 
36.50 
122.40 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

participant 

Chain8 

I 

8- 
8 
8 
8 
8 

FC 
TTC 
FC 

TTC 
FC 

Chai12 
- 

9 

~oadition 

FC 
TTC 
FC 

TTC 
FC- 

TTC 
FC 

TTC 

 rial 

1 
2 
3 
4 
5 
6 
7 
8 

TTC 
FC 

TTC 
FC 

TTC 

3 
4 
5 
6 
7 
8 
9 
10 
Il 
12 - -  

13 
14 
15 
16 

1 
2 

17 
18 

FC 

points 

8 
7 
8 
6 

- - - - - - 

8 
5 
8 
8 

Data Lost 
Data Lost 
Data Lost 

14.03 
3733 
53.07 
70.43 
2 1 -57 

29.60 
42.0 
29.70 
60.30 
101.60. 

TTC 
FC 

TTC 
FC 
TTC 
FC 

TTC 
FC 
TTC 
FC 
TTC 
FC 

TTC 
FC 

Test 
Time 
98.00 
185.10 
61.00 
203250 

- - 

40.40 
118.30 
58-60 
85.10 

TTC 
FC 

TTC 
FC 

8 

8 
8 

42.10 
112.00 
159.20 
21130 
64.70 

8 
8 
8 
8 
8 
8 
2 
4 
1 
6 
8 
8 
8 
8 

133.40 1 95-40 

7.86 
11.60 
5.92 
8.40 
5.94 
12.06 
2032 

4 
4 

6 
O 

14.17 39.30 
58.00 

60.20 
116.70 
79.50 
77.10 
88.40 
135.70 
0.00 
41.90 
0.00 

141.40 
61.00 
123.00 
129.90 
41.30 

42.50 
45.70 

12.70 
239.10 

205.10 
0.00 

127.40 
37.40 
169.10 
43.70 
96.40 
64.30- 
297.60 
255.4û 
297.60 
156.20 
120.00 
25.80 
60.30 
50.20 

284.80 
58.50 

92.40 
297.50 

12.04 
23.34 
15-90 
1 5.42 
1 7.68 
27.14 

, -  N/A 
41.90 
N/A 
47.13 
12.20 
24.60 

- 25.98 
8.26 

12.70 
239.10 

42.47 
12.47 
56.37 
14-57 
32- 13 
2 1 -43 
148.80 
85.13 
297.60 
52.07 
40.00 
8.60 
20.10 
16.73 

68-37 - 
N/A 

94.93 
19.50 

30.80 
N/A 



Shaphg and Cbaining n 

BC Versus TTC 

Avg Train 

N/A 
N/A 
99-10 
28.93 
67.53 
48.17 
37.23 

_. 22-60 
40.57 
35.33 
74.37 

~ 13.17 
15.07 
24.40 
67.00 
25.60 
38.77 
23 -93 
14.97 
15.03 

Participant 

Chain1 

r 

, 

. 
C W  

I 

r 

- 

Poids 

O 

1 
2 
3 
4 
5 
6 
7 - .  

8 
9 
10 
11 
12 
13 
14 

Triai 

I 
2 
3 
4 

T 

Tcst 
Time 

0.00 

Condition 

TTC 
BC 

TTC 
BC 

20.00 
36.60 
61.10 
63.20 
0.00 

. 65.00 
83.10 
183.80 
193.80 

, 66.90 
0.00 
85.10 
149.00 
169.00 

BC 
TTC 
BC 

TTC 
BC 

TTC 
BC 
TTC 
BC 

TTC 
BC 
TTC 
BC 
TTC 

92.53 
87.00 
30.07 
42.67 
148.80 
48-50 
71 -47 
30.27 
34.57 
4 t -97 
98.70 
16-97 
40.30 
42.83 

3 
4 
8 
8 
2 
8 . 
3 
8 
5 
8 
3 
8 
8 
5 - 

277.60 
261.00 
90.20 
128.00 
297.60 
145.50 
214.40 
90.80 
103.70 
125.90 
296.10 
50.90 
120.90 
128.50 

Train 
Time 
297.50 

O 
3 
6 
8 
8 
6 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

- -  N/A 
36.60 
12.22 
12.64 
N/A 
13-00 
NIA 
36.76 
96-90 
13.38 
NIA 
17-02 
29.80 
84.50 

Avg Test 

NIA 
297.60 
29730 
86.80 

202.60 
144.50 
l L 1.70 
67.80 
121.70 
106.00 
223.10 
39.50 
45.20 
73.20 
201.00 
76.80 - 
116.30 
71.80 
44.90 
45.10 - 

T 

0-00 
0.20 

210.70 
86-40 
44.70 
185.90 
214-70 
61.10 
46.00 
58.00 
36.90 
4720 
93.10 
4530 
160.10 
52.10 
60.30 
38-90 
52.20 

TTC 
BC 

TTC 
BC 

TTC 
BC 
TTC 
BC 
TTC 
BC 
TTC 
BC 

TTC 
BC 
TTC 
BC 

NIA.  
N/A 

70.23 
17.28 
8-94 
6 1.97 
42-94 
12.22 
920 
11.60 
7.38 ~ 

9.44 
18.62 
9.06 
32.02 
10.42 
12.06 
7-78 

t 0.44 



# 

Chain9 

Avg Train 

N/A 
23.20 
96.30 
41-60 
41.57 
95.20 
49.47 

- 20.43 
37.37 
35.83 
41 -97 

297.60 
90.97 
67.73 
26.43 
28.70 
98.03 
21.10 

BC 
TTC 
BC 

TTC 
BC 
TTC 
BC 
TTC 
BC 

TTC 
BC 

TTC 
BC 

TTC 
BC 

TTC 
BC 

TTC 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Il 
12 
13 
14 
I S  
16 
17 
18 

L 

Participant 

Chain7 

L 

Triai 

1 
2 

, 3 
4 
5 
6 

3 
8 - 

8 
8 
8 
8 
8 
8 
8 
8 

Train 
Time 
297.60 
69.60 

288-90 
124.80 
124.70 
285.60 

- 

Test 
Time 

0.00 
228-00 

8-70 
68-70 
97.30 
12.00 

C d o n  

.. TTC 
BC 

TTC 
BC 

TTC 
BC 

171.60 
62.10 

118.50 
122.80 
65.50 
89-80 
42.50 
57.10 

194.90 
95.30 

125.90 
81.70 
81.20 
51.70 
33-50 
62.00 

106.20 
55.50 

101.80 
53.70 

Avg Test 

N/A 
1 14.00 

-. N/A 
13 -74 
19.46 
N/A 

148.40 
6130 

112.10 
. 107.50 

125.90 
. 297.60 

272-90 
20320 
7930 
86.10 

. 294.10 
63.30 

Po* 
Earasd 

O 
5 
3 
8 
8 
3 

Data Lest 

14.48 
. -  14.36 

23.30 
18.82 
12.54 
NIA 
NIA 

3 1 -47 
14.22 
10.14 
U/A 

10.62 

57.20 
16.34 
16.24 
1034 
7-10 

12-40 
2 1 -24 
11-10 
20.36 
t 0.74 

8 
8 
8 
8 
8 
6 
8 , 

72-40 
71.80 

116.50 
94.10 
62-70 
0-00 

24.70 
94.40 

- 

NfA 
20.70 
39.50 
40.93 
2 1.83 
29.93 
14.17 
19.03 
64.97 
31-77 

8 
8 
8 
8 
8 
1 
3 
6 

7 
8 
9 
10 
1 1  

73.00 
38.50 
33.70 

153.40 
31.10 

238.40 
102.60 

TTC 
BC 

TTC 
BC 

TTC 

15 
16 
17 
18 

TTC 
BC 
TTC 
BC 

12 
13 
14 

8 
8 .  
3 
8 

17.07 
36.17 
24.93 
28.63 
36.17 
19-73 
59.33 

51.20 
108.50 
74-80 
85.90 

108.50 
59.20 _ 

178.00 

BC 
TTC 
BC 

71.10 
50.70 
3.M 

53-10 

14.60 
7-70 
6.74 

30.68 
6.22 

79.47 
20.52 




