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‘wconcept-shlfx task in préschool and secondegrade chlldren{

 _¢11teratuIe f'that b thlS’ fac1lltat10n i‘ 11m1ted to ‘the

1w

,research_“

A

Lnstructlonal t oi to fac111tate the learnlng of a warlety?

ot

“»fcf tasks 1n ch1ldren; However,_ lt also appeaps -frog the -

-

‘acqulsltlon of the current problem iny and does ‘not carry

‘,‘t . ‘e Cogt s T

_vresultlng from;-errorless tra;nlng would be strlcter thanfg.ﬁe.
. , ;

;that from conv!ntlonal tralnlng. These hypothfseé ~uereff.f”

’Foverj toffaf;subsequent relapéd task. Insufflclent attentlonﬂ"
has heen dlrected toward the study ?f thﬂ spec1f1c transfersi;

effects :in errorless learnlng 1n Chlldren to permlt ‘a morel

“ N

preplse evaluatlon of the technique.’The present project was‘;~“”"

ta .

therefore de51gned ftOE:assess ';h ttansfet effects "6f_"

errorless 1earn1ng vlth f structured 61SCr1m1nation tash;ff

that has recexved ‘a cbnslderable amount of theoretlcal and,ﬂ'

emplrlcal attentlon.

-

It was hypothe51zed that dlmen51onal 1earn1ng vonld"*

occuraulth ertorless tralnlng, but that dimen51ona1 controlj"i”

’5

anat,-

1al - basms.n. K ,1,.'.':'5‘.".

«aniﬂ;gy, on the bas1s that relatlve speeds of the ”rever al'

L2 s v\. ?‘_’, . E ' . » .“;: . . \4. . ‘ - 1 .M" ' e - . . B
L . ,.; R ‘ ﬁ;ﬁ . R -
IR AT Lo - \ : Ky REPEE
LI ““purPOSe of the ptesent research a$ to’dnvestigate‘“‘
}Lhe e errorless dlscrlminathn trazning ‘on a

e
echnlg#e of}errorless learning was developed in operant e

has 'Fbeen f'lmmed_ately appaied wsféhffJ:”

tested by means ’of' the reversal and nonreversal shlft[777

higff. méy ‘be: ’used.;es; an 1nd1cator Of‘j“v
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ch01ce o 31multaneoqs'. dlscrlmlnatlon xvmethdd._ *Errérless

»

'learnlnq was achleved by gradually fadlng in the uegatlve

members of the stlmul S. palrs.‘Control subjects were tralned

»the shift probrpms were 1ntroduced 1mmedlatel}~upon reachlng

.

'crlterlon on the 1n1t1al dlscrlmlnatlon wlthqut fadlng.“"

-

These .effects" wére .examined -in . -two agebgroups,u
) preschoolers "end,L,seéOnd-gradersw -deﬁ-experiments with

'1dent1ca1 prOCeGures vere canrled out, qnevbn7,each offbﬁhej

'nln the conventlonal mahner without. fadlng. For all subjects,ﬂ'}

iThe, major N flndlngs “_were ' that, “'Cdmpered f“tdc

conventlonally tralneﬁ suhjects, efrorless subjects in both

3

'agemgroups had faster reversal t%an nonreversal shlfts,- and

1¢hat nonreversal was"much slover after errorless tralnlng

uper51stence, ’byﬂ thei errorless groups,'fon  the -solutlon

T;than after conventlonal trdinang.'h further analysls of lrhe

ugresponse patterns to the 1nd1v1dua1 stimulus palrs durlng

Shlft suggested that_ there: agyeared to be’- a ..strong

L]

relevant for “the - nltlal dlscrlmlnatlon, but 'nol 1onger

.

,’suggestlon 1n the data thar_ glrls, espe01a11y éreschooi

f??iniuggthau host' IERPR T {1'

These flndlngs were con51stent vlth the hypothe51sithat
|

~errorless tralnlng «tends to_ overstrengthen . dllenSLOnal

~

:approprlate; fdriwrhe_;nonreversal phase."There was _somef'

‘ugmrLSW,,wereA mpre affected_ in thls vay by the errorles\\

"ecqntrol. The results vere 1nterpreted as 1nﬂ1cat1ﬁg that the'

e

Vo

'age-groups., The procedure was essentlally the stdnddrd‘ﬁkoﬁ N
‘ te .



ﬂerforless procedure used in this, study had- a functionw

fsimllar to othen stlmulus-enhancing procedures ihf*highly

"‘,emphaslilng the 1n1t1ally cr1t1ca1 features (dlmen51ons) of

"the_ -'stimulus complex. 51nce‘ these 'releVant stlmul'

‘ dlmen51ons vere associated Hlth relnforcement early in the“

. ’
f'..,. °

”fﬁadlng tralnlng, thg‘result vas an extremely strong contro

In

of respondlng by” these dlniﬁiﬁons. Thls dlmen51onal control:

e}

‘was’ also very re51stant to extlnctlon.‘.Thls; 1nterpretatlon'

could account 'for- the results obtained.'Thus, at'shif3

-

. 1earn1ng was relatlvely easy if the task was solvable ‘on- the

~

tusame dlmen51onal ba51s as the orlglnali.d1scr1n1nat1®n\\{the

'reversal Shlft), but was extremely hampered 1f solutlon on a -

dlfferent dlmen51on was requlred (the nonreversal shlft)

- . : -
] w }

The 1mp11catlon )of these flndlngs 1s that ‘in spite_of

-

. . _-"

'ﬁ:the 1n1tial beneflts of the errorless technlque, 1t.may “ﬁo'
t

be advantageous for the learner to do sO because 1t does Ao
seem - tof promote-'adaptlve behavlor accordlng to”chahgingj‘
[env:LrOnmental demands. Several llmltatlons .of the present ‘.

study 'vere noted and suggestlons for further research into.

S -

" the relatlonshlp between errorless tralnlng and - dlmeusional:'

~;\'control werezmadea

! g
AT

7 S
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T generallzed tendencxes, however,

/%-.fJ . R Introdlction . ’

Y

Tradltlonal learnlng theory, as represen ed by those of
- ) y ‘ N
;Hullr (19&3) f,and‘ Spence '.(1936" h conceptuallzeF

-3

discrimindfion”learnlng aS‘a dual proa s'of acquisition and-
rextinction throuqh dlfferentlal ‘rei forcement. According:fo

.the Hull-jpence system, dlscrlml tlon learnlng, ‘as neésured

by'dlfferentlal reSPO“leG:‘ .nvolves.’the 1nteract10n “bf‘vﬁ»T
" . }A .. 2 . .'v : ‘ R . L . ,‘;," -
'exoitatory and 1nn1brtor ‘response tendenc1esu Efus, an

'organismfieacns to.respo d -appropriately “to ‘the pos1t1ve'

Tstlmulus (S+) by beln relnforced for 1t whlle responses to"

'the negatlve stlmu s (S ) are suppressed or extlnq 1shed by 3

nonvelnforcement ;In addltlon, the exc1tatory an 1nh1b1tory

/

(stimali as a’

p

tendenc1es -are assumed to generallze to othe
functlon of elther phy51cal s1m11ar1ty or a qu1red mediated}

.j51m11ar1ty.‘.Every relnforced -response vto}ﬂs+ produces a

*

response tendency ﬂo S— and every nonr nforced response to

- S= also generates some 1nh1b1t10n of respondlng to S+ These

are, éssumed to be weakeryf‘

. BT il

than the dlrect relnforcement/no relnﬁorcement effeots. The

net effectlvew response stre gth.t ‘a given stlmulus, then,;”

is a function of -the alge

_JI

between the ex01tatory angd i

raic llyv summated ‘1nteract10n‘

tbat partlcular -sti‘ulus, Eventual mastery. ~of the

dlscrlmlnatlon task ig accodnted for by"7thej resolutfon - of-

f‘these,;competlng te denc' s over a series of trials; SO



IR ) ' “‘ . L R l'.‘ . . : ..-

there 1s a: stronqer net excltatory respoase tendency ~to. S+

.
3

”and a stronger net 1nh1b1tory responSe tendency to S—

r L4
v
~

_ ﬁit% the 1nteractlon of_’excitaéory- andq 1nh1b1tdry

R

tendenc1es and generallzatlons thereof as 1ntegra1 parts Of;v

'tne wtheory,‘ errq;s? ﬂurlng»,the ;course of~dlscr1m1natlon

et
"

. o " .-‘\. ._< . ;.- = ‘ ...‘ . .
1earhing seem ;nevrtable from ‘ thls " viewpoint. The ‘

o -

qenenallzed effeCtT”of ’nonrelnforceé vtesponses to‘sé is e

thdugh' the orqanlsm 1s not relnfkrced for respondlnq to S-'~

the exlstence of a generallzed exc1tatory tendency followlnq,

L3

.responses t0's+‘resu1tsf1n,a general;ged ,increment 'in the

o

probablllty Of responding to S-. Thus, it fol¥ows from the -

tradltlonal 1earn1ng theory of Hull and Spence .thet 7the

occurrence of errors is a functlon of both nonrelnforcement

.and gen‘era]:ized relnforcement It.is ev:.dent from thlS 11_-!_1e; '-

~

_of reasonlnq that errors are»}an ,1nev1tab1e,.and_1ndeed‘

- Y - x

necessary, part;of.the‘d;scr;mination learning process. -

-

1earn;ng theorlsts' have 'emphesized"tﬁe *sidnificancef~of

th/

‘the 1mportance of errors and their nonrelnforcement in -

deVelopment' of a response probablllty dlfference to the tvo

e

Whlle the 1nev1tab111ty of errors -follows from. the

,st1mu11 to be dlscrlnlnated Thelr empha51s 'onA‘errors- vas-

”carrled toi the p01nt of prov1d1ng unusually longb and

frequent S- presentatiOns ‘thus :alloV1ng for the fullest-

&
-

beneflt of the effects of nonrelnforcement._

"errors. .For example, Keller and 5choenfeld (1950) stressed’/

-/
/.

reductlon of response tenaency to " SHw At_ rhe‘ same tlme.;.'

a

Vi
coﬁﬂltlonlng extlnctlon theory,iof Hullv and.épence,_other . //
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-

- ', . ‘ N L. "-.: . ‘:’{
s ThlS ﬂ‘emphasis upon- the‘ occurrence 'of‘ errgrs“was -
developed to 1ts extreme in Harlow*s (1950,, 1959) proéoSaIu'

of error factors. It should be noted that thougm Hag?pw vas

)%
worklng on the learnlnq set phenomenon. he belleved thax>£i5‘

. I /

_theoret1ca1 treatment applles to all 1earn1ng and Dis' most

LN relevant ,1 ~ ;the , context*‘of discr1m1natlon 1earn1ng.;

g . Accordlng to Harlou; :thel‘.mechanlsn ‘respon51ble' for':

successful 41scr1m1natlon gaisjf:not; strlctly speaklng,j-
:Alearnrng per se, 'it‘fis,f.rather}f the extlnctloh or: the .

'Vsubpréssion*fof: lncorrect responSes. In Harlow's v1ew, the
1earner brings wlth him ,to‘fthe -1earn1ng situatlon the'

» correct hablts already avallable, but also a number of other;;“,
\

‘ competlng tendenCLes ‘whlch obSCure the correct responSes.

\ .

N

:nastery- of ~the d15cr1m1nat1on, thenk“‘con51sts Cin ther

[ elimination . of these' 1nterfer1ng : ténQenc1es through
| 2 ) .
G///;tlnctldn untll approprlate stlnulus control\\eventually”
S ~ o
e emerges. Thus, 1t Can be seen that errors have playei\gulte

a major role 1n the theorlzlng on- dlscrlnlnatlon 1earn1ng by\\7

‘1ead1ng theorlsts 1n thlS area.

e,
-

mgrlees_p_l_s_crl_mmt_u& LT e ey

: v".'"' R AL e e
Recent " developments ”vith..:errorlessi »discrimination

procedures quesfion the'ﬁgeneraiity ‘of the‘,theoryl»that

dlscrlmlnatlon 1earn1ng : prlmarlly ”af .functlon “of

v

" acqu151t10n and extlnctlon, and the genera11zat10n effects»;A

N

thereof. The - operant research of Terrace (1963a,‘1963b) nast



S:examgie. Wlillam James (1890) ﬁound that he could

o

."questzoned ‘th'e | role‘ £ nonreinforced respOndih N in the

- ' . + - . L Lo
,‘below.f“_

,QBut»;it should befhote that, even prior to T%rrace's;‘,gqva

PR

systematlc study 'of thls'”‘{enomeﬂkn,. related idek _and_gf
rocedures - were utllized hy researchers in the fieq%. qu Aff{

»

obtain‘] 3

(7

'1'§M911er two—point llmens 1f ~tralning began with a\vxdely:"

kparated pair °f POlnts and the dlstance between them wasf"x"
,,;kqfadually reduced.ﬁ Pavlov (1927) foundgthat hxs dogé couldfﬁji.
,eidlscrlmlnate much faster between tvo ve:y siﬂllar c1r les bybu.
' :rstartlng condltionlng wlth the presentatlon of ‘the- Pdsltlveifih“’

. c1rcle 'and -an elllpse, and then progre551ve1y reducing thef“

o

dlfference between the c1rcle ‘and the elllpse,*_than bYEuu
,fstartlng frhé. condltlonlng _wlth the f1na1 palr of ¢ s1m11are

"o'c1rc1es. Schlosberg and Solomon (1943) and Laurence ‘(1952)Pq°

o

:‘ found that urats could learn to dlscrlmlnate tvo 51m11ar

hshades of grey v1th very fev errors when the task vas;.begunb

et ~ A,

w;th, black 'q uhlte st1mu11 wlth a gradual change to thehQ,_"

’%finai paxr~/of greﬁs.” sklnner (1938) obtalned errorless'
- performance «°byf‘ lnltlatlng the dlscrlnlnatlon flearnlngj' ,
RESEE : SUSEETL e
_1mmedlate1y-after the response had been condltloned ‘in the -

G

! . e

e
-

'presence of the S+.”'

L]

' Terrace (1963a) attenpted to 1dentify the determinants“"
f'of errorless dlsczimlnaﬁuon An- plgeons. Keg-pecklng vas the
i . ‘_? R -

['response ‘measure* used and the stlmuli to be dlscrlmlnated‘;~

"hwere the colors red (S+) and green (S#Terrace conpared four_“

o
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"Tftbe key peck had been conditioned, S- was gradually“f&ded

prdgreSsively 'chanqing from ‘e dark y of 15‘ sec.'

duratlon to a fully bright green key of 3 man\duration.

_ (2) 'Early-constant - discrlmlnatlon ,fralnlng also”
began after the establlshment of the key peck response 1n 30
seconds, but the duratxon and bfightneSS of the started

'”,at,,the;r',gaxluuu values ‘of,'q‘-mln._;and full brlghtness

iy [

4

(3) Late-progréssrve‘--.s—‘progre551vely changlng from
dd' dag} key of 5 sec. duratlon to full 3 mln. 111umxnation,
but thlS fadlng was sﬂarted only after 21 seSS1ons 'of ‘key

peck condltlonlng to S+-

”(uil Late-constant_ ——;_S—-duas; 1ntroduced at 1ts full

duratlon and brlghtness -dftérdd?ﬂ lse551ﬁﬂs.7”fl keY Peck
bondltlonlng to S+ ang

”of S— rqspoudlng (errors), the birds of the

' earlyvprogress1ve group acqulred the dlscrlmlnatlon> v1th

A3
e

"{»v1rtually no, responses to Sm. The late-constant hlrds made W'ﬁ

the most errors._setveen :these »ertreues ‘fell tﬂe',earlyf
- const%%% -»aud vthe .~1dte;progressi§e:%éroups; ?Thﬁsyluthe.

. est;Qllshment of errorless dlscrlmr%atlon waS‘ fouhd _to‘fbe‘
most eifectlve when fadlng wvas . started early durlng tralnlng

and proceeded gradually.



o

. s
-

A/ second experiment¢ Terradé (1963b) first trained

-t

pigeons on a red/green discrimination errorlessly, and thenf

e‘transferred the discrimination to}one between a vertical and

’»‘a”'horizontal lina. The' transfer vas 1ntroduced in one oﬁ»
three ways-x(1) Superimposition—andofadlng - the llnes vere"
’ﬁsuperimposed upon the. colors, ‘vertical on red and horizontalf

%h ,

"hon' green,_'wlth then_'colors slovly , faded out- ‘ (2)

‘2
'

superlmp051t10n onli.'+?'suyerrmposit1on of llnes on- colorsi
as. above, but the colors“vere v1thdrawn vsuddenly ,wlthout

;Zfadangf after a- nunber of SeSSlonS' _(;) Abrupth -~ no
'superlmp051tlon, ”?he’ change from colors tof iines ﬁere
.'abrupt.i Upoh reachlng crlterlon, 'ail‘ blrds An the above.

»three .groups vere abruptly. returned “to- the - red/green.
_ L . . T . . -
‘discrimination. ’ R - -

The result of thlS experlment wvas that. the blrds which
hhad“»‘superlmp051t1qh—and fading tralnlng acqulred _the

-vertlcal/horlzoutal dlscrlmlnatlon v1th no errors, whlle the

other, groups - made mauy errors.,Furthermore, those subjects

which learned the vert1dal/horizonta1 discrimiuation with
':errorsf all made errors. upon returnxng to the. red/ggeen

a

dlscrlmlnatlon. " The ‘ superlmp051t10n—and fadlng group

performed perfectly - when Qﬁfturned to; the red/green '

idlscrlnlnatlon.

'Results from thése?tVO;experiments pose probieus for

the Qradltlonal generallzatlon theory asfreviewed'abovefr
'.Accordlng to the 1atter, there should be<«greater respodse ”

_generallzaglon “with .an jlncreased ,number-:of reinforced

R o ' T



\»W& .
responses to‘ the--stimulns, an;v'in increased simil&rity
between the»stimuli. ¥n Terrace's first experiment described
above, as training proceeded in- the early progressive:prouﬁ\.
the birds ‘had-a long history of reinforced responding to 9+,
and the physical similarity 'between S+ and S-’increased.
‘Therefore,‘onéywould predict from classxcal generalization.
theoty that the early- progressi@e birdF would start emlttinq
reSponses to_,s—. after a- certain: number of responses to S+
Mere reinforced or after the S+/S- difference 'hadr been o
reduced ito‘ a- certaif value..;But‘ this did not occnr;
Sfmilarlp, _ in 'theiv. second ‘ experiment, .class1ca1
generalization theory would predlct that some respondinq to
S- should occur once the colored backgrounds vere faded'out.

. g

However, th_ls was not the-case. | P \ ,
_* Té¥race -(1963a) suggested that = the | absence of
'responding-' to S- with the progressive vfading ‘methods

,produced a permahent "short—c1rcu1t1ng" of the S—‘extlnction

”‘process. He attributed thlS short—c1rcu1t1ng to. tvo factors.

One is the absence of 1ntern1ttent reinforcement resulting
from responding tOgS—' which ordinarily uould 1ncrease the‘
dresistence.vto ’egtinction.‘fThe second ‘ factor_ is, the
'/snperStitdous[;fcondigioning,' of  not responding tod S—;
explained as folloes;TTypically,fthe'linitiai mresponses of
the -early progre551ve birds to the dark key ‘was - jerking the
ihead back avay from the key..since the duration of the first
S- uas shorﬂ (2—5 sec ), S+ appeared soon” after the plgeon

‘ abruptly puiled ~awvay from the key. The reappearance of S+

Cduld-have< served as..a condltioned . reinforcer for the



i
S

movement away from the‘"key ddring S-, thgﬁfﬁtqventinq S-

S e w

responding. . K , ‘ ‘ . “‘ N\

~

Terrace noted a  further prpblen for . classical

-

"generalization -theory.  -He raintained that -inhibitpry
‘gradients cannot be wused ‘to ’explain the. ,ébéencee . of
responding to S- in: the ucqulsition of both the color and

‘the 11ne dlscqrmlnatlons. St Ce .

o

qu,other observations in7 these exper1ments' had

T
i

Terrace 4(1963ai:' to. State _that’ learnlng wlth erro*}
result in "permanently faulgy dlscrlmlnatlon pefformandé“
<~ In the' first experlment, post-crlterlon errqr bursts weref;n
‘»obsetvedfih'birdsvnot trained vith the early—pgogre551ve.
pﬁecedure. In the eecond expetiment; birds thch mnade e:roté

in the . line dlscrlmlnatlon phase also - made errors when

o O

returned to the color dlscrlmlnath..whlch had’ been bleerned
errorlessly prlor to the line dlscrlmlnatlon,-Thus, Terrace
concluded .that "once errors occur durlng ‘the. fornatlon of a_
dlscrlmlnatlon, ‘-subsequent ,.performance' is permanently
affected on‘ thet,"and' also o;'oreiated discriminations“
'(?erréce,'1963b, p. 231). ImpllClt in this statement is that
”' trad;tionaI ,ccnceptlons of-dlscrlmlpatlop would»leadfone ta
»ﬁ;ke‘use-cf bcocedurese'which -produce  "pernahently' faulty
discrimiﬁati?n performance". i. . | | L
. : . _ o
Terrace'e' works. has aiso revealed dlfferencesi[iﬁﬁu
 xst1mu1us control follou1ng dlscrlmlnatlon learnlng vith %hd,"
‘wlthout errors. He has attempted to show that S- acqultee
aver51ve propertles when subjects_ experlenced errors-.in

I
g
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o

. ,training, .but remains neutral under errorless learning”

procedures. i, e \

'
PP

The first indication of the?aversiveness of S~

occurrence of ﬁemotionai"‘ responses such as wing £ appinq

and turning away froﬁ the key following discrimination‘
| |

-’errors. Dur;ng errorless learning, the usual. behavior
pigeons"in ‘the presence of S=- vas usually a. slow set ling

dovn under the response key and quietly waiting for the next

"

appearanceoof S+ (Terrace. 1963a). o B . \

a

»

Another phenomenon ‘noted by Terrace \11€53a. 1966) 1n
1his .errorless. blrds was the absence of behavioral contrast.

RERE

Earlier it.had been - demonstrated .that a‘.consequence of
discr}mination*rleaTningg-i an 1ncrease 1n the- strength of

tne‘tesponSe to S;;'in-‘the‘ form of .elther an. creased
':response rate. (Reynolds,"1961) -or 'a“ decreased 1atency_
(Jenkins, 1961), acconpanled ﬁy‘}a_ decrease ins the‘fs—
fresponse strengtn Ne1tHhr of these effects occorredYWith
:Terrace's errorless birds, but both ‘yeré" evldent 'in”'the“
':blrds thch made errors,'_Terrace-asogdested that '51nce
dcontrast might be a, fmanifestation of' enotlonal responses
3generated by the averslveness of recelvlng no relnforcement'
_for respondlng to S— the absence of contrast u1thAerror1ess

tralnlng mlght be 1nterpreted as demonstratlng the neutra1‘

) ature of S-

-That thevis- “in” errorless dlscrlmlnatlon is no} an’

aversxve stlmulus vas further denonstrated by an absence of

wthe peak Shlft fa' post-dlscrlmlnatlon genérgllzatlon

IR
© .



_ qradient. Typically, tho peak of a gunernliz%}ion gradient

obtained after discrimination training ih uhich responses to’

S- are extinguishnd 15 displaced avay from 's+,' in a

‘airection that is also away from S- (Hanson, 1961; Pierrel

and ‘Sherman, 1962). With errorloss training. howdker.

Terrace (196“) found that the generalization gradient peaks

'riqhtﬂat.s+ Terrace suggested that the peak shift avay from'

+ §= which had undergone extinction vas a shift away from an

aversive stimulus. and hence ‘the absence 'of - a peak shift
'folloving ; eﬁgorless discrimination shoued that s e§s
functioning as a neutral stinulus.‘ '

To furtherr show thht ‘S{  pecomes aversive in

Lo

‘discrimlnations with error, but not in-those'vithout errors,
. Terrace (1971) showed that only plgeons trained with -errors

uouldrlearn a response~to‘renove;»or escape. from, S-. In
. . - . hd

this - experlment,_'“-a“ . successive vertical/hdtizontal

2a

V'discrimination vas, trained on the right-hand key of ‘a 'two-"

key' apparatus.' During s%‘ each peck on ‘the: left—hané key,

Zillumlnated by a honogeneous vhite light turned off s- for
‘five _seconds but had no effect on the stimulus presentation'

4a;of the right key. This escapé:fron SL behavior vas: observedf"

only - in: thOSe subjects who
N

7~J,err6rs; In contrast, the erro 1ess group emitted near—zero«'

; résponses ‘to* the key that would remove S-: Thus, Terrace."

‘-M/concluded from this finding’ that 75- vas neutral ‘for' the -

errorless birds but*aver51ve for thoSe v1th errors.

T

earned the diScrininationfnith



A further piece ot \ovidonco ptin ted by Tor:oce_to‘

VQxdtﬂ'

support ' the . nadtpal ntatua ‘of fBl 2
discridination wau the flat gon-raliza;idn q:odiont along

the S- continuun. aanod on aoukins' (1965) dotinition of, an

f'inhibitdty _istinulun 'as a atinuluu vhich contrplst the

. tendency not to respond in, a lanner andiodoﬁs to the .way «

.that .an excitatory stilulus controls ‘responding, Ter:ace »
(1966b) reasoned that just as the control of exagitation is
p‘deternined by varying S+ ‘and obaorving to vhat extent the‘
ctendency to tespond decteasos aa the distance\be ween a. tesm
-sti-ulus and .5+ is 1nctoalnd, th- oontrol of inhibiﬁion ‘-;;,v
be’detetnined gy varying s- dn‘ o?ghtvinq to what oxtent the'"b.
_tendency no& to nespond 1ncreasds as the dgstance betvaen a
test stiiulus and s—'inCteases. Thus, a flat gradie?t vould
'~signify no stiuulus coutrol. vhile ar U—shaped gtadient vith,
'; minxmum at 5= would be evtd‘nce that, éf‘ controlled not-

reﬁponding. Accordanly.. werraCe (1966b, 1971) conducted a .

H”éefles of bxperiments in vhich he’ shoVed that tﬁe U-shapad

“%ogradxent 'ahbng the s— continuun appedred only for subgects

L 3
who™ learned the discrinlnation vith etrors vhile errorless

subjects had flat and near~zero gradients. Terracz concluded
if_that the flif/;radients from the errorless group eflected a

.”uniforn lack ‘of éxc1tation and that stinuli fron the S-

”Hf”continuun was neut:al -An the sénse that they‘ had nelther .

’ o
[

f-~21nh1b1tory not exc1t&to:y properties.c‘ ST ~jf ‘.“f;
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voloyed by rbrrhce wu-ifuund
roa&ily applicnblc gguﬁnutrnptionul d&tnutiOnu. onpoeinlly

ihone 1nvolv1nq lenerely diutnrbed childron¢u The ncthogm
,; provcd ‘to, be valneble ln that &t holp- to. dmilihn%e tho
.neqative and lbarnin¢-1nhibit1nq bbhaviorl that are paft of

}f‘in btherwise untrainable subjects. ror exnupln. sidnan and
’j3:stoddatd (1967) vere ablo to tqain a' group ‘of retarded
”5fchildren to- diat;nguiah be%veen a circle and an ellipse. -ith

r

“‘{gi‘ tadfhg w -ethod. = sqvqn ;5dht 3 of ten 1learneﬁ the

- 8

Ar discrilination,«conpared vifh -on&y /one cub— of dine 1n

*another gtoup of -sinilﬁrly retarded children trained vith

A

',uayheu,'“Ana Rabb (1967) who' -painstakingly taught three,

‘lthe disordet. It elno nakes .Bome. fbrn dcqflaarning pbllibievf

_~.errors.oA even §|ore drapatic resnlt lwas reported by Hevett, -

autistic childrén thtee‘ vords using 7eo rather felaborate,“

fading procedure. They netedg however, that it toék one

'alphahet discrllinatlonS’ norer quickly wlth errorle;s than

"r{f,wifh conventio%al differentiel reinforcenenf -ethoas. Dehn

(1971) alsg~reported both an 1ncreasedoperfor-auce level and

-

'°'Aa reduction of undesirable negative behayior vhen‘severely

s

_errorless nethod

"

oL that both autistic and norlal chlldren acquired ‘color epdri

-]

34autlstic children vere tgught color discrilinatlons v1th 'en,'

“Subject tﬁiee Qonths and another, subdect seven ‘nogths ‘tq. ,,

fﬁ_;jaster the three—word vocabulary. Ackbr (1966) also found L
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Vhere.‘errorless” procedures have been used on normal

subjects«\usually young chlldren, the effort has“mainlf been‘

» X .
to demonstrate the plau31b111ty and perhaps Superiority of
.o ! L 2 L
-the . ;errorless ‘ I1n ,the - acqulsltlon of] sone

, discrimination problem -over @the' conventional procedure-

'_Terrace'si (1963a) four. methods <« of '1ntroduc1ng G- were'l

| applled by Karraker and Doke (1970) to teach’ klnaergartenb

'chlldren 'to‘ dlscrlmlnate ,th letters b and d.iThey'found

',that although not all ‘subjects in ‘the‘ early—progres§i¥e

group learned -errorlessly.; this tethod aid miﬁimize'the

R ,_,,-:

propontlon of errors in tralnlng cpmpared to the other three,

methods. Powers, Cheney, ahd Agostlno (1970) attempted to
\ Y

'xrepllcate TerraCe's early-progre551ve\ procedure on normal

'<‘preschool chlldren. The only modlflcatlon:pas " the- 'addltlon

a

of uhlte n01se to the presence of S~ “The intenSity-of vhite

noise, fhoweverg was gradually deCreased as S* .increased in

»vintehsity.]Three'.subjects' gere. tralned iyith “traditional o

'dlscrlmlnatlon technlques j agdy'ftvo had the 'errorless
treatment. The result uas that no chlld in the tradit&onai
- group" made th discrimlnatlon whlle both subjects in the

errorless- condltlon’t Vere ' successful in .maklng - the

\

‘,discrimination v1th very few’errors. Emp10y1ng a match1ng-»
to—sample task ’on' normal 'preschool chlldren, - Moore andv

Goldlamond (196&) ,showed that angular dlscrimlnatlon,f

‘uSUally dlfflcult for ,such »young %ubjects, - could be

establlshed. lf the 1ncorrect match:was gradually faded in.

.

o

_Nonfadlng of the stlmull occassioned no'learnlng in theusame

subjects. No transfer task, howeVerh was inStituted :after‘

K

Ea : ~
LR .

L e . ) . /
. e, - - . <

RS

R
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“ﬂthis errorlesslacquisit;on;' o ' SR

Despite‘»its potentlal in allev1at1ng extremely severe,'
cases = of . learnlng .'dlfflculty ﬁ'aggﬁsjin“. establlshlng
_ ontogenetlcally dlfflcult dlscrlmlnatlons as. suggested by
the above reports, there is llttle evldence -to @shov that_f;
errorless procedunes fac111tate -the’ transfer ofhlearnlng, or
'Teven permlt the' ‘same_~degree of transfer,;for iwhlch"
conventlonal methbds’seem to provide.. . There is no systematle
'study J% the effects of rrorless acqu;51t10n on the'
performance ofn_e’lsubsequent_,task in children.;There are,
however, a  few ;%solatedﬂ.studies uhOSe'.findings néy_‘bé

‘suggestive..

By fadlng in the negatlve stlmulus to traln retardates
the acqulsltlon of a _serles of two-cho;ce dlscrlmlqatlon

,“problems, ,Brlcker, Heal, Bficker,.Hayes, and Larsen (1969)

2

hoped to establlsh the c1a551cal learnlng-set behav1or"in“
thler subjects. But unfortunately, though the fadlng method
>“g'appeared to be the most effectlve tralnlng method in the

“study for 1nd1v1dua1 problem acgulsltlon, there was 11ttle

or no transfer from the tralnlng problems to.. test problens_“'
'whlch vere similar to the. tralnlng problemsvﬁbut‘ vere .
'presentedeithout fading..

Gollln and savoy (1968) conpared the performance on' a

cond1t10na1 dlscrlmlnatlon problem 1n two group5«of‘norna1'
chlldren. Subjects vere. tralned to respond to one of a ‘pair

of ’cues presented 51mu1taneously on’ a common background.b

.'Epon reachlng crlterlon on thls or1g1na1 dlscrlmlnatlon, the

8



back roun and the p051t1ve and negatlve values of" the cqes

weye rev, rsed. After crlterlon was reached on' this second
the “test  of condltlonal dlscrlmlnatlon ' was g

i iStered The cue—background comblnatnons vere presented

4 e

in/a random order. Success 1n the cond1t10na1 dlscrlmlnatlon
f;sk requlred the.subject to respond to, the cue—hackground

comblnatlons whlch 'were re1nforced durlng the flrst two f

)/ . trainingb dlscrﬁmlnatlons. ' The negatlve ‘cue—background

;o “combinations ,ofa the flrst tHo tralnlng tasks were faded in

for one agroup -of childrefn. . For,ﬂthe other_ group, both .

stlmulus. displays started' qt 'withf-fuli brightness. The' -
‘.condltlonal dlscrlmlnatlon was cdnducted at full brightness,;ff
for both groups. Interestlng dlfferences vere found betveen ”
{Z\\two’groups. In the f1rst tvo tralnlng dlscrlmlnatlons,v -
there vwere more subjects 1n the fadlng groupvthan 1n the
'nonfadlng group vho 1éarned the tasks wlthout errors. But it
was the - fadlng subjects who maﬂe slgnlflcantly more 'errors
during thé” cond1t10na1 dlscrlmlnatlon. Furthermore, uo per
cent of the nonfadlng .subjects performed the cond1t10na1
dlscrlmlnatlon vlthout any errors, compared ulth only four]f
per. cent of the fadlng group.'These flndlngs led the authors
. to sygdest that. the gradual 1ntroduct10n of the :S‘h'in -the
fadlng procedure might~- have conflned the subjects' attentionh,/
to . spec1f1c propertles 4 f the s&.’Thls vould affect the .
ubject's transfer performance 1n the followlng Vay* '
’ " Should fadlng technlgues tend to conflne ther
,subject's-,oattentlonal f'reSponses to . speclfic

.attributes of S+, the suhdect is llkely ‘to be at a-
'dlsadvantage when ‘a transfer task‘ isr’lntroduced,



:-1n klndergarten chlldren. Thev

-

(1)“ 1n1t1a11y saturatlng the odd stimu
:,and‘ then ‘fadlng’ out the red oolot'u“
hseturatlng ‘¢he nouodd“JStimuli_ with

fadlng out the red color°'or (3) gradua

lllumlpatlonn of.'ther nonodd Stlmull;,
Hreceivedvtrelnihg on a- 51mplerj oddlty

'Cheney

transfer

the hasiC'problem'

hpelther

o

on

since those, stimulus properties

‘which haie,been‘

- reinforced early ’‘in the fading procedure--are
+ likely to control . response. If the control is .
"strong then the subject may. not ‘eggend to - other
"stimulus propertles as they becomé manifest angd,
therefore, he ' may not acquire the . attentional . -
‘responses  necessary . for efficient <transfer. ‘
(Gollin and. Sa%oy, 1968, P- a50). . E C
Followlng the le 3 of the -Gollln ‘and Savoy study,

aud, stein< (19ﬁu) 1nvest1gated

R

three fading and two nonfadlng procedure

fadlng

'toy.the;more complex oddlty pr

for all groups.:The ot

recelved standard oddlty ,tralning

throughout. For all groups, the flrst f

fading trlals ~ for the adlng

trlals for the nonfadlng groups._The Sec

were' test trlals, when -the problem

groups and the- stlmull were of egual ‘br

flndlng from thls experlment uas that a

'vas 1n progress, the subjects 1n all fad

' a“ near perfect level,» but that

deterlorated .rather drastlcally durlng

the fadlng vas over. In comparlson, the

-

procedures

‘oh-

‘the effectlveness of

o

s on oddity 1earn1ng
1nc1uded-
lus wlth a red color
@

or . 1n1t1a11y

a red. color and thqp

8N
'

lly 1ncrea51ng
One nonfadlng group
problen prlorf
Oblem thch vas also
her nonfadlng
1fteen ~trial§,i

groups,
ond flfteen trlals
was the same for all
1ghtne§ heg main
s long as the fadlng
1ng groups performed

thelr‘

the test trials When

nonfadlng groups d1d

16

the .f
%0

group.,5
thlS'basrc-prohlem'
vere

orftreining“

perfornanée'

tooo®
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e . R : o
nmot have” a 'Slmllar dramatlc performance 1evel- drulng

‘training,_'but they d1d tn \~-deteriorate durlng the test

- \ ,/

'.jtrlals elther. Cheney and Steln (197“) therefore' suggested

that‘ one ‘of the 11m1tatlons of fadlng procedures mlght be

Vﬂfthe‘ restrlctlon of the subject's aftentlon|m to“ those

,propertles of the st1mu11 present durlng the earller part of
tralnlng. so' that the emerglng propertles of the St1m011,
:rlgwhichh arel crltlcal for transfer, are i not_ adequately
:observed. c | |
S C@

The' utillty of stimulus fadlng as- a. tralnlng technlque

for the attalnment of concepts was questloned ¢by Schwartzy-

'Flrestone, : and' Terry (1971) ‘who dld ,no "find fading"

B

procedures partlcularly helpful ins teachlng M elementary

17 ° -

.n@g

a

e .

o

J'fschool chlldren “the concept of bllateral symmetry. Although j’

‘ithls task seemed to be. on -a much higher cognltlve level than

'*ithe ones usually glven to chlldren employed in - experlments,QQah

_ ,;t"f nevertheless ,agy' lndlcate‘;"~-11m1t -fpf “the afaainq3u

: '_'téChHIQU'Q- . : ,v‘.-? = . A

B

o

Flnally, there is. one' somewhat p081t1ve finding";n'

Sifregardsvnto vthe 'effects of fadlng “on nurSery ohlldren s

. ~itransp051t10n.£ole, Dent, Eguchl, Fujl, and Johnson (19-61&)

‘ot

'Qtralned thelr subjects . to respond to. the larger of two

';stimnlus squares. The snaller, negatlve stlmulus fﬁasf faded

in;“.startlng wlth a 2/10—1nch llne and 1ncreasxng 1n 30

'-;equal 1ncrenents until it vas completed on the last tra1n1ng

'ptrlal. The chlldren were‘ lel&éd into three groups.‘.(if

'lethoSe glven lnmedlate transpositlon°'(2) those rece1v1ng 15

s . . ! .
‘ . oo . X . : LA . - K3
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addltlonal tralning trials ‘Hlth both stimuii 'conplete,ﬂc‘“

_followed by the transposxtionstest-'and (3) those receiving

y 13 B add1t10na1 tralnlng trlals Cwith ¢ complete stlmuli.a

‘.control group vho. should be tralned i{theﬂ conventlonal\7

'followed_ by transp051tlon. The results showed that subjects"
'ini'all groups‘ demonstrated an.SLgnlflcant tendency _fto‘

transpose. ioneﬂ dravback of this study is’ the absence of a .

- o

‘?nonfadlng methOd so, that conparlson céuld be made. Another

"Therefore,‘although tth study seened to lndlcatel transferlu

]:experlence to' permit efflcient transfer vhlch requlres thef

"means establlshed. o L '»,yf_‘_ TR

'problem 1s that wlth transp051tion the_.same dlmen51on fvay*

relevant “in; the oxlglnal s 1n the tngpsp031tlon tasks.‘

'subsequent fto‘ fadlng tralnlng, fits generallty was by no't

. The above rev1ew of current-:iiteratnreﬁfon errorlessf7A
,learnlng asd applled tojﬂchildren:'suggeSts the f\lloW1ngg‘

Iconclus1ons. Tralnlng wlthout ferrors tends ‘to ;Be. hlghlyn;-

3 o

jt pffecbxve for 1ndiv1dual problen adéuisitionﬁVitnua,varletY

Iof~ta§k5« In mostecases 1t is, far superior‘ to *cOnVentionals

";nethods‘~ﬂ tefms of bypassxng learnlng dlﬁfxculties. Thefz
maln drawback. and a crucmal one, of the technlque seens 'tOg;

:be the probleu of transfer.,There is very 11tt1e ev1dence to

_adaptlve behav1or.f Tt 'would seem from presently avallable'

[abstractlon: of conlonalltles 1n the stlnulus complex as aJ:

basas for respondlng. The gradual 1ntroduction of the S* nay

. o
S

‘not prov1de thef subject _ vithvlmsuff1c1ent conparatlve

el

ik .

o .

}.1nd1cate that errorless learning is valuable as trainlng for et

_evidence that:errorless tralnlng does ‘not —allou efor\ thej~ s
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.‘-establishment of a dlnension schema t medlate the subject'S'ﬂ'
:observatiozzl technigues i@ a" mann r that

r;complete‘, mprehension of the properties of the stimulus

o-'

':fleld. The skills tralned by the errorless method then vould‘; -

tnbe rather specmflc 1n terms of stlnulus control.

The theoret1ca1 rationale as well bhfmethodoiogy_lfor'
the‘ study Aof dlscrlmlnatlon 1earn1ng ‘in tchiidrem]foame.
largely from tradltional cdncepts emerglng' from ‘&nimal o
i"studles.e Thus,':th conCeptlons reV1eved 1n the beglnnlng

’sectlon of dlScrlmlnatlon 1earn1ng applled to'nthev earller -

work " chlldren Ln thls area. It was soon dlscovened that'

theorles arlslng eut of the' animal llterature” were hot. o

“'adeguate to handle hunan data, and subsequent developments.'
.fhave . generated theorles spec1f1ca11y deSLgned ‘t.for:
%dlscrlmination learnlng in- chlldren. Nevertheless,,most of!
':ithese 1ater developments do have thelr h15tor1cal r00ts 'inh
‘:the Hulh—Spence school of thought. . /

o -

_;“] 'There ~are threeﬂ“majOr contemporary approaches' to..

hdlscrlmlnation behaV1or in chlldren. Two. of these emerged.

-

‘gfrom’ Spence's theorYth;the .attentlon. model of ZPamannand?”

f ’HO“Se (1963). ‘and the medlatlonl theory of . Kendler' and .

"Kendler_ (1962).'Both formulatlons extend Spence's theory to“

d.

'..stlmulus : 51tuation.¢ Both' posit selective'"medlatlonalr:v

encompass selective responding to crltical features \of thev‘4:
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mechanIS“s“Sﬁt'aSSLgn different ?conceptn&l properties to

them..‘n third account, proposed hy Tighe and quhe (1968), .,

L”ts‘ differentlation theory: which is based on Gibson's'

perceptnal theory (Glbson; 1950,:1959).® - B 5'

_.The first' theory to ‘be. described is the Zeaman and

House attentlon theory. . on hthe basis ;of ‘Hull's (1930)“

o -

:earller_.vork on, reinforCement, Spence (1936) had formulated:~l

T

a"s;ngle—stage theory of dlscrlmlnatlon learnlng ‘as"a

- nonSelective< ahd. contlnuous : process in thlch direct"
assocxatlons betveen stlnnll_a nd, responses 3are gradually
estrengthened ~'-and:; weakened '. byp-l relnforceMent 'and

r“'

_nonreinforcement respectlvely. Later on, 1n“order.-to ?deal -

ulth the problems of pattern dlscrlmlnatlon (Fhrenfreund,‘

'.l19a8) and the attack hy noncontlnulty theorlsts such as
| Krechevsky (1938), : Spence : (1952,.‘1956) formulated a..

'seqﬂﬁﬁﬁTal tuo—unlt S R conceptlon, in’ whlch ;the- subject,

1n1t1ally grlented hls -receptors' touard that part of the

';env1ronment contalnlng -the relevant. stlmulus and then'¢
;responded tO' thls, cue. For SPence, houever,_this initialf
"observlng response 1s 51mp1y an: 1nstrumental responsef Ghich

'.ls- nonselectlve, the functlon ‘be;ng_'only to’ exPOSe the”

o

isubject to the stlmuli. In the llght of related works' of

: others such ‘as wYckoff (1952); Lavrence (1950),vSokolovjf
. \ B . " E

'(1960). and Sutherland (1959),_ Zeanan and HouSe (1?63)'1,.

'.*fextended Spence's'-theory of orlentlng response to 1nclude;

“Selectlve respondlng to the °Cr1t1ca1 features 'of"fthe

ﬂ,stlmulus 51tnat10n. In the Zeaman and Honse model, medlatrng“

°

3'attentlon .‘responses operate selectively,_ screenLnQQ out



"sourCes“of stimulation~so that at any one time - the subject

is attending to -only ‘a single diménsion (é;g. color), a

dimension’ being deflned ‘as "broad classes of cues‘ having a

' common dlscrimlnatlve property" (Zeaman and House, 1963, p-

168y. Thusf thls‘brand of attentlon theory accpunts‘,for

dlscrlmlnatlon glearnlng _in° chlldren {bi"positing:‘the 

acqulsltlon 'of two successlve responsés, "the © - first.

attentlonai the second an.;nstrumentqlfchoicekreaction, the

probablllty of both being a function.of the reinforcement

w ©

schedule. ‘ - L
- \ .‘ b

The Kendlefs' ,versidn . of - mediation theory is an

'

exten51on of Spence's (1952) nonselectlve S—R assoc1at10n to

account ‘for dlscrlmlnatlon learnlng 1n rats. Ev1dence fﬁOm

-

"~ studies on ’hunanv subjects, hovever,» had con51stentlyv

'»contradictedropredictions” made fronm Spence's assumptions

'(étg- Buss; 1953, 1956;'Harrou and - Prieaman,f‘1958{ H. H.

<

Kendler and D'Amato, 1955). This le® Kendler and Kendler -

(1962) to postulate a medlatlonal S-R. model con51st1ng of a

medlated representat1ona1 response to’ the test stlmull. This -

A medlatlng resp@@ﬁe in turn generates 1ib11c1t cues Iead1ng

©

to the overt ch01ce response. At»fltst, thls medlatlon vaS‘

descrlbed by the Kendlers as covert and verbal 1n nature-~

°
iod

”thé;subject presumablyv sonehov labels the cues“of the
stimuli ‘internally and eSponds accordlngly._vﬂovever}‘
'studies‘on:the“effectS'off verballzatlon gand_.labélling of

stimulus  cues. did not ‘confirn’_theviKendlers\\hypothesis 3

(Wolff, 1967). In V1ew of thls, Kendler and KendIer ?(1968

-,Jéjoyb modrfled thelr nedlatlon theory tq 1nvolve some form»

°
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o
L

of "cognltlve ability". The labelling aspect of mediation is

"“mlnimlzed in 1mportance. Instead "commgk symbolic nediating

— u

resppnses" leadlng\te\c\pcept formation and its utillzaglon‘

are- s;ressed Presumably;\t;ese\synbo;ic responses are the
| N \

subject's covert representatlon of the common prope':'

_the stimull. An important feature of the Kendlerlan model 15}

ghat it considers ontogenetxc and phylogenetic dlfferences,

“in dlscrlminative behavior exp11c1t1y. Higher organisms, es

-older chlldren Dand adults, are assumed to discriminate in

the med1at1ng manner just descrlbed, vhile lover otganisms,

P

such " as rats and young chlldren, would functlon in the

o o

strlct S—R fashloﬁ accordlng to Spence's postulatlons. Thus,

"the fornulatlon proposed by the Kendlers provldes"for' twvo

processes, in dlscrlmlnatlon 1earn1ng., Which .one of these

}
Q

processes applles is’ dependent upon the ability of the

’organlsm f ton organlze or conceptuallze the stimulus

materlals. This. ab111ty in turn may or may not be a functlon

- O o

ofpthe‘complex;ty of the.st1nu11 in questlon.

. The differentiatiom theory of Tighe and Tighe . (1966,

19€8) - vieus . the fundgmental prodeés .in_  discrimination

~1earn1ng as: one. of dlfferentlatlon of the stipulus ‘array-

Fac111tat10n -"ofe dlscrlmlnatlon ‘is a function"of the

ubject-s increased sen51t1v1ty to 'and 'utiiiiation' of ‘the

_dlfferential properties of the 'stlnuli; These 'stinuius

propertles are’ assuned to ;be the phy51ca1 dlmen51ons of the'

'st1mu11,5 such as color, forn, height,,eto.,An eff1c1ent

o

d1scr1m1natlon is characterlzeg by dlmen51ona1 ‘control ~of

&

' ,.ch_01ce° behayior accordlng‘,to the dlstlngulshlng features

\



@ .

(dimension) _common to the stimulns array and appropriate for
'problemusolution. Tighe and Tighe (1969, 1970) have argued

A.ghat ‘the. subject's abllity to isolate the relevant stinulus

properties ;s-a function of his abllity “to abstract the

‘invariant s;imulus",attributes. Furthermore, they maintain”

s
v

that older children are more ‘able " t i’seiect and abstract

O

4these comnon attrlbutes in the stimnlus.bomplex than younger

object—revard associa

' In concluding this review of discriminatio arning
theories in childreny se#eral commonalities. &mong these

théories must be noted.'There are controversies among these

theoretical p051t%ons, vto be sure, most of*ﬁhioh centre

around the 1nferred process of dlscrlmlnatlon~ Butfﬁ@s uill

he made clear, it is the shared character;stlcs of these

-theories that<are nost pertlnentvto thls’study.

¥

the sanefmethodology. All of ﬁhem use thev dlscrlmlnation—

shift paradignt * This methodology essentially “involves.

reinforcement of responses to one set of stimuli and

‘nonreinforcement to fanother’Set. The stimuli are presenteh”

in a pair-wise fashion and uSually.two pairs of stinnli'forl'

- a probleif One'nember offeach pair is rdesignated as ' the

correct stlmulus requiring ‘a’ specific~responser'hll four°

stlnulus elenents are related to one another along one or

‘morea damen51ons,l so. that the correct stinul; have certaln

¥
&

_features (diiensions) 1n‘_connon,= whi;e thet 1ncorrect

23

Flrstly, all the proponents of - the three theories share '

!



elements have other faatures in common. Thus; the subject is

.confronted - with stinuli;';rying in seVeral'dinensions (e.g;_

“color and forn) and eachisf these’ dinensions 1s etemplified
tn_ the stinuli by tvo. or nore cues (e.g. red, blue - color;

.1 Square, tnihngle —vfoégi In such tasks, 'the, ubject.fis
typiéally %.required o'A "abstract" or identify theserg
dimensions, i. e.,.the- relevant "one, and to‘ diScriuinate
-among its cues bj aSSOCiating 'with each an appropriate
responSe. Acqulsition of the problen is indicated by a
'series 'of correct.‘responses ‘to the correct menber of each :

'stxmulus palr (criterion). ‘At this’ point and ﬁsually vithout

foreuarnlng to the Subject._the‘stinulus—revard associations

.,

age © or "shlfted“ The stxmull as' vell- as. the

dlmen51ons end their' 'ivalues used in this Shlft phase may
. be 1dent1ca1 with or dlfferent those used in the
) original dlscrlnlnatlon. The objectlve of the sh1 = ese;is“
' to observe the, ffects of; 1earning tne -origina}.aw
discriniretion Zon~lthed Shlft;; or transfer, task. The marn'
l'lnterest heretrs to see. hov ‘and 1f the' subject, havxng
responded con51stent1y to _the relevant_diuensan, utillze

this’information to solve a nev problen. A A

{&\ } \;. The conmon use of such paradigns creflects tne~‘shared
N concerns of all three theoret1ca1 posxtions rev1eved above.
VAll of then recognlze that there 51mp1y is apt to be nore in
the L arning env1ronment than the subject can' take in ,endg~
-store. , Bence sone : forn of processing the stlnulns
| nfornntlon is necessary. The snbject may have to activelyi

_select, .or attend to, the stinulus cues appropriate for the'
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qccasion, and to organize these relevent and distinguisﬁing

features 1n sone way in order to ‘solve the problem. When the

'i subject ﬂas ' achieved this 5 nd"'nas been reSponding'

T consistently, his behavior can be described as being ander’ |

dimensional control. Furthernore,ﬁ all three‘*theoretical
positions are interested in how" sﬁch. acquisition affects
subsequent learning ' behavior, : hence . the ‘*use ©* of

@
T

discrinination—shifts. The use of the shift task is crucial,l

' noti only as a means 3f' demonstrating the various

a

ldiosyncracies in each’. of the . theories. It also reflects thes
R . . °

common, - cqncern’ _of. iall three positions ‘for  the

trmnSferrebility Ofi_dhat :is'.leernt in’ 'one' instance to

another, uhich, in eSSence,.iS‘a-concern'for haman adaptive
e ’ N : .

<@

The'above review shovs thht the errorless" techniques

have 'ene”

discrlnination learning in ch' }its antecedants gip‘.-
the~ traditional conceptlons of discrinination learning

K

‘ has evolved 1nto systels that take lnto consideration “thex

relationship betveen couponents vithin a stlnulus complex.

Tty

_It has hécoue qnite obvious that successful discrinination

perforn‘nce 1s dependent upon the child's~ab111ty to isolate

'the7 properties that differentigte the stiluli, and unleifi-
the child attends to and organizes the. sﬁinuli he uill befiij

una;} deteruine what these properties are. and to used

-

N then effectively. The -erxts of the operant,approach. as. faruﬁ

»

"on operant research, while the theor121ng on L



v ' " ) .
0 Co ) ,
" _ o o9

;as errroless 1ea:ning is conoornod. lies in the deyelopnent
N t’ ¢ E
‘of a sneeningly poworful training tochnology. Hovovhx*;tho
N - ] v
oporant approach has not nddreslod itsolf to the .study of

the' effects of such technology on hnnan &oncoptnnlizntion ‘~j
‘behavior. For exn;ple. in’ the oporant nothod, generalizntion |
effects are usually evalunted by the generalization gradiont

‘along ' “the same, dinensional continnun 'as the » training

‘stimulus. This Seehs'to bear little reselblancg to &

o L

situation confronted by a subject in a discripination ‘task

»

in wvhich he- has to deal vith several stindlus dimensions

o

occuring sinultaneousiy, and to select the_appropriate cues

ffor' the- solution of the problen. In such a. discrinination

. 3

task, effects of qeneralization, and often the processes. of

discﬂimination.»1enrning‘ nre 1ndicated by _theo subject's

n

‘performance on a‘suhsegnent transfer task“ vhere -discrete

disCrinnanda are also used. Thns,:vhile the contributions of

o

operant research on the developgent of the technology is b

i acknovledged, it has not established the fact as toq hov such

technology affec%s hnlan discrinination behavior..ughe' nain

purpose of this stndA herefore. is to investigate hov-this

training technologyhaffects conceptual behnvior as indicated

- by discrlntnation shifts in, children.'~‘figigjlwﬂl N ff"i'

. X . et . . 8 N
- ; lew 0 .““ et L e—"—

o

j ?he’ theotetical tationale for the qpresent study is

K

"fbased on the connon°propenties of the thtee w-ost ptoninant R
R o2

learning Lthqgries desxgned fot chiLdren, as

Tndiscrilinntiow'

-
R e
5"

3.giaiscussed'ahove. It waswnighlighteﬁ during the review that ”=ﬂ:f'*
r;all three ﬁbsitions viev-the snpetior forn of disctininntion :

fiﬁa one involving thef“abstractioh“ of stiﬂnlus dinensionssce'

S .
S s i
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.ﬁhether “one 'Chboses to call thisl Rrocess‘ "attention"

£

v "medlatlon"1 or “dlfferentlatlon“, the observable behav1oral

efrects are the same. That 1s, dlscrlmlnatlon performance is -

jndgedl by conSLStent respondlng accordlng to some crltlcal
"stlmulus feature vhlch is. obj@ctlvely 1dent1f1ab1e. Imp11c1t
. dn all three theorles ;is‘ the' 1dea' thatvhdlscrLQInatron
learnlng iS-;a functlon :of dlmens*onal .cOntroltwhich is

analyzable in terms of. the ,relatlonsh;ps between {stimuius

. -

, chanacterlstlcs ahd response patterns. Thus,_for'exampie, if

- the Subjectlf'responds'»consistentlyffto all .thef-squate’

'1nstances of a stlmulus array regardless of the color of . the

Stlmull,'hls respondlggican be descrlbed as belng under the

o

control of the form dlmenslon of the stlmull. N

;mhé, major guestlon pose& by thls study 1s whether ‘or”

‘not dlmen51ona1 control occurs w1th errorless tralnlng, and

-

lf %o the extent to whlch such control affects subsequent

.,

-

. behav;or;@Thls questlon‘xsv1ﬁportantfbecause :the;-error;eSSy

PR

;eChnique "promises~- 1lhe .a \powerful instructioﬁal‘,or‘"

remedlal tool vith 1mmedlate appllcatlons. But as:VihEACated

. earller, wthe iconsequences of such’ training on further
e “ Ty

»1earn1ng are unclear at the momeKt Evidencé emerging 'from"

rQ . -

applicatlons of the errorless tqchnlque to tralnlng chlldren-

.seem.gtoigsuggest ,spec1f1c st;mulus control for the current

task only. There is no bearlng on whethen the cqntrol is . or‘

be dlmenSlonal ih; nature._ Nelther 1s there ev1&ence
: _ ,

| demonstratlng the transfer‘ effectS' of the.p errofless.f

procedure on telearnlng- ,.f;7~,;‘f‘;1"—"5‘f oo le

©
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mlnatlon iearnlnq theories for . chlldren have

“G%l

.
1Tﬁe -&ﬁ

ot dealt wlth errorless 1earn1ng dlrectly. Hovever, thelr

-

-ratlonale caﬁ be -applied to such a 1earn1ng s;tuatlon to
make.upredlcrlons i'regardlng ‘ subject performance.‘l For
’;ihstadbe, .sinced“the* cr1t1ca1 element' injvdiscriminatlon;w
learning agreed to by all theories isj fhe-‘isolarioh ‘of
relevantﬂ stlmulus dlmen51ons and since erroriess training'

empha51zes the characterlstlcs of the p051t1ve cue, learnlng

g

should be greatly. fac111tated -In terms of attentlon theory,,

1‘errorless 1earn1ng would provide for the 1mmed1ate _and

initial _relnforcement of observxng responses, or attentlon,
.early in the dlscrlmlnatlon process. Thls' early .and jrapld

development fof attentlon uould 1ead to. the circular

E relatlonshlp petween attentlve behavxor and reinforcement,“

“3 ‘l ‘

w1th. a resultlng 1ncreased instrumental performagqe’%evel; Lo
Ne y - - '

. Thus, the stress ‘on, relevant d1mensxons of " these .theories
-_applled to errorless‘ techn1ques 'predicts a. much superlor
’ acgulsltlon compared to, non—érrorless procedures, as vell as

~in dlfflcult tasks in Jthh the crltlcal features of the
. o o

=_st1mulus' | complex"’xrs 1n1t1a11y hlghllghted. ‘These
_partlcularly enhanced cr1t1ca1 features would qu1ck1y >code
to control, respoadlng, ‘Thls effect eemed to haVe peeh
‘conflrmed by the stgdies rev1eued aﬁoﬁe» where errorless
,procedures were _sﬁoﬁn: to' have much merit 1n-fac111tat1ng
Vdiscriminat;on racénisitipnl.andJ ia,' bypa551ng *1earn1ng

aifficulties.



-, e ‘
But 'as noted above, what 'isv less clear is- the the
;:effects of errorless traln}ng on shbsequent transfer. In the

\ "

fformulatlons ‘c1ted ‘apove, - prof1c1ency fv" transfer ish
'predlcted ‘ if,r the‘ dlmen51ona1 control acqu1red gurinq_
'forlglnal learnlng is- sustalned 1n the transfer task and f

‘the ' new task. is solvable on the same dlmen51onal ba51s as .

i~

the'original_one.;Transfer tasks. solvable- on;‘a dlfﬁecent.
._dinénsion 'Qoula' then be conoaratiﬁely‘slowhas the subject
has - to reorganiiel-the _‘stinulus. 'featuresiﬂ_:It‘,'seemsa
'reasonable; _therefore; to assume the - encouragement of early
and appro%rlate dlmen51ona1 control with errorless tralnlng.x
"Bnt° to what . extent d1mensxonal : control . thus shaped\
‘facilitate or .shamper . transfer remains to hehinnestioated.
Although Gollln and Savoy (1968), and"Chene}:‘and Stéin“
‘(197u) ,spe%@;ated ‘that 'er‘rorless'trainln_g inicjht_ result in
restrxcted attention,iandﬁhence'strict'dimensional;;control;_’
there have been an absenceoof studles partlcularly de51gnedﬁ
_*to exploré these Spec1f1c effects 91th he‘mapproprlate_f
<'paradlgm. Qn“,the‘-other..hand, a. conceptual analyslsAofﬁ’

'cnrrfft dlscrlmlnatlon :theorles suggests , that certain
(o}

specific transfer effects should follow from the snccessful

- [l .
’establlshment of dlscrlmlnatlve behav;or with: dlmenslonal
'Control. " The '~ ‘present studyg as therégbre “devisedlrtd_,
1nvest1gate7thiSjproblem. A‘ B ’
T N SRS

P

The present study makes” use of the reVersal honreVersalf '

'shlft paradigm. The assesment of subject performance 1s made

"by comparlng the dlfferentlal speeds wlth whlch reversal (R) f

7and nonreversal(NR) shlfts are. achleved after tralnlng ‘on ane -

e
© . .
- L4 . . ©
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.

lnltlal discrlmlnatlon to crlterlon. Flgure 1 111ustrates an}
,example of these tgp klnds of shlfts. In thef 1n1t1al

: dlscrlmlnatlonf the subject 1s confronted with two palrs off"

<

stimull dlffering in tvo dlmen51ons,.form and color. In the '

, /}jexample, thel relevant d1mensxon ‘is form and the p051t1ve

stimuli. are the sguares of eacH palr. After learnlng thls'

-

'dlscrlmlnatlon to crlterlon,'the~suhject,ls'shlfted thQne;”um

_of two new dlscrlmlnatlons with ,t@p - same _Stinuli;'-in Ca.

reversalf shlft, ~the subject 'uust now respond td the'f

triangles;svhlch vere, previously 'negative, although -the

_relevant'“dirension 'i‘l_Still forn. In a nonreversal shlft,‘

f-the:subﬂeot‘is requlred to sh1ft h1s responses to- the]f*v

'_dimeﬁsion that ;was prev1ously 1rre1evant In- the eXample,xu

'vresponSes to the red 1nstances of the color dlmen51on’"are‘vjf

relnforced inh the NR shlft It 1s 1nterest1ng to note that-

e

»Qesplte~ theiri d1fferent1a1 ‘preference .fOr the infd

';discrimination' learnlng mechanlsms,i all«%hree theoret1ca17
‘p051t10ns would generate comparabIe predlctlg%s about the)';
'relatlve speeds»,of;fh and ONR ‘solutlon.u That 1s, 1f theo;
subject has attended to the or1g1na1 relevant dlmen51on.(the

‘Zeaman and House attentlon theory), or. 1f the. subject’_hasj'

'hacquired a‘set of relevant symbollc medlatlng responsas (the

’Kendlers'_ medlatlon theory), or’ 1f the subject has. 1solated j‘

and abstracted the comnon relevant stlmulus features (the"‘

-

aTlghes'< dlfferentlatlon theory), then the predlctlon is. for'

a faster R. than NR Shlft performance. The reasonlng of 'each"“

‘p051t10n Hlth 'reference to the R/NR shift paradlgm can beu“

‘f_further‘explained*



e e
’*"'}demands t extinction of the preV1eus attentlonal response

o learning. o

According to‘ attewtlon theory, because successfull

'eodiscrimrnation learning entails appropriate attention to the

relevant _ dimen51on Cand’ because ‘ah. R "shift vhich* is‘

‘,1ntrad1mensional B provides p051t1ve transfer _ of the-‘

attentional response,‘ the R Shlft vould be executed fasterh

than the NR Shlft The NR Shlft vhlch 1s extradilens1onal{

“and the réracqu151tion of a nev one, hence -requiring more

*Accordind :to medlation theoryu (T;S,' Kendler,}f963:‘

';‘Kendlenpand Kendler, 1968), 1f the subject has acqulred a

J'»tset_~of relevant symbolic medlating responses representative,

'”;;iof the relevant dimen51on, the R shift vould be faster than
..;k;i‘shift because ingia; reversal the initial dimen51on
fmaintains 1ts relevance angd so does the mediating response.

"{xOnly the _overt response needs to be changed, and S1nce the

experimental 51tuat10n provides only one alternatrve overt

:\gresponse,v‘this .change provides no difficulty. If, on the

&

'-other hand the subject 1earns the initial discrlmination 1n
lﬂa> 51ngle unit .S R fashion, establishing .enly '-direct

'connections betveen' the external stlmulus and ~overt -

‘4response; the prediction is for a.more difflcult R than NR.

L

" 'This'bis~ because_,R' requires ‘the replacement of a response

.,;;?that has previously been_.con51stent1y Oreinforced ‘with aff”

;responSe that. has prevxously been con81stent1y extinguished- :
ZhiFor the NR Shlft, prev1ous training has reinfofced responses?h.
the newly positive 4and nevly negative stinuli equally_ R

'often. Strengthenlng onet of these' associations 'doeS"‘not



”require hs much ext1nctlon of Cits competitor as  in a’

reversal and therefore the NR Shlft would . be facconplishedt

-

more ea511y..

o

. _y
»

‘ leferentlatlon theorf (L;sfi Tlghe, 1965 quhe and:;:h
quhe, 1972) relates the eaSe of executxng an" R Shlft to the;?
subject's ability to detect and utlllze the dlstlngulshlnq
features of the -stlmull. Thus,ﬂ a faster than NR 1sj‘
' predlcted for subjects vho are able to dlscrlmlnate ,on the_

ba51s of the relevant dlmen51on 51nce 1t remalns relevant in,
’54 reversal and he has only to learnaa relatlon between oned{hf
aspect of thls feature and relnforcenent-i whlle finyﬂan’ hBrv
RS Shlft, he must flrst redlrect hlS attentlon to and then re—."‘

dlfferentlate the now-relevant dlmen51on. On the other hand

‘the subject who 1earns ‘the origlnal dlscrlmlnatlon on, the
\ba51s of rere .object-reward connectlons vould f1nd the NR

‘'shift’ ea51er since only one of these assocxatlons 1s changed

1n NR, whlle both are chang@% 1n R. ”:" - 4;f

_ '”“;Itgis 'clear,"then, that predlctlons regardlng the,fa
| :relative ease of the R and NR shifts deduced from the three
. v1ewp01nts are strlklngly s1n11ar., Thei maln debate, auong
“'these proponents centres on the olnferred mechanlsms of
learnlng.'However, one does not have to subscrlbe to any‘ of'i
-~ the- 1nfefred mechanisms ”in order to make use 'of the
theorles.VIt appears that the concept of dlmensional control
.‘underscores all of the postulatlons especlally thh regard
:to' the R/NR shift ’paradigm. ‘That - ‘is, lif ‘the releVantﬂ
dimen51ons are 1nit1a11y emphasized or fsonehovf h;ghiiéhted_f;a

R
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“

2during' trainlng,n then these dlnensions vould quickly exert'
l'control ‘and consequently one - vould flnd a’ faster R than :ﬁﬁ,
 perfbrmance. - - 'hr |
AN aﬂditlonal advantage of the R/NR paradlgm is. that 1t
:Wisf amepable to what fhas‘ come to be knOWn as subproblem"'

Aana1y51s of discrlmlnatlon Shlft learnlng (Tighe,vcllck anﬁ

Cole, 197 v Tighe and Tlghe 1972). Thls advantage renders_V;

lurthe paradlgm'partlcularly appropriate :forl evaluatlng ‘the

‘extent ‘thch subjects accomplish thelr transfer on the,'

- ba51s of partlcular S—R assoclatxons learned during tra1n1ng R

versus their tendency to transfer on"the basls - of some,_
: e ' ’

';conceptual formulatlon of the problem._With‘reference~to,
nrlgure 1, note that for the R shlft, the" revard relatlons;

uhidﬁ‘ ohtaln in the 1n1t1a1 dascrlmlnatlon are reVersed for

fboth'of the palrs of dlscrlmlnanda‘ (subproblems),’vvhereas”
*‘for ‘¢he NR Shlft, the object—reuard relations are unchanged.
: for one palr of stlmull and reversed for the other ﬁalr.' It
p0551b1e for the subject to treat . the two stamulusfpalrs;
‘as elther ,ohe_ problen ’ors'lndependent subproblens‘ vhlch
whappen-.to' occur .on alternative trlals durlng the course ofﬁ“;
, tra1ning.% If _the problem_-lS‘ 1n1t1a11y learned sf two:
subproblems, there'xis twlce‘%as much to- learn for the,;
”reversal problem in transfer because the NR sh1ft 'reguires
)relearning . of }only one- subproblem 'whllev the reversal‘;

o requxres the relearnlng of two.

'ReSearch’in,subprohleu,analysis uhas“ revealed7_certain'

i

characteristic . response - patterns - for reversers and

.
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nonreversers (Tlghe and . Tlghe, ]972). In cases where an ©NR
Shlft hoccurs‘ mcre' rapldly than t tR shift (turtles,‘
'pigean, ‘rats, ana ‘most- four-ye r;old tchildren), ' the
4subjectsbvhave learned ’ the proflem by learning the S-R
l.connectlons that jare_'cerredt /for'feach ‘palr"of ;stlmutr
flndependently. Performancef of the Anbnreﬁersal,.unchanéedr
palr (NR—U) remalns near or atx100% during ‘the course;mof
transfer vhlle performance on the nonreversal changed (NR-C)
1‘Aaud' reversal (Ryu_palrs 1s qulte 51m11ar, beg;nnlng at ort
near,zéro andhinqreases gradualiy tQ }00%. hw : o
thn oléer chlldren (about teﬁ/;;ars old),, uhere ‘R ‘was .

faster than NR, not - “only aid performance‘on NR-0U show a
, sharp'decline at  the. beginnrng« of* transfer, vbut the' R
' subproblems. 'were 'learned*'meret rapldly than' :the -ﬁR—C'
subproblem;-noreOVer; the majorlty of ten—year—olds'vshoyedfn'
xl"spontaneousn.reversal" ; 1.e., reversing the1r Chcice onu
»pthelr flrst postshlft exposure to ;ﬁh}u ‘after exper1enc1ng
| gnonreward on ua—c.f :l<”.'- | - |

. . 2 .

Thls pattern of results lndlcates that subproblems vere

not treated :lndependently by Asubjects'\whose R shxft was »
“;'faster than NR shift, but ‘vereé: treated 1ndependent1y ‘bfm f
rfaster _nonreversers. It further suggested that some sort of»'
A>conceptual medlatlon was fac111tat1ng the transfer patterns
of the former subjects. Thus, by observxng these subproblemh'
1.performance patterns,',the present study could -atuj‘ tc

1ocallze more prec1sely the effects of errorless learning on;'

'Itransfer.p_'
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'Purg%sﬁ of the Present Study _ /

. ] . . . '0 “ .
In the ' light of these con51deratlons, the follov1ng

Hpropositions“ will‘,he,'lnvestlgated inf‘thls -study. CIP.

errorless tralnlng leads to dlmen51ona1 control,:then the R

°

shift should ~ be, executed ‘faster.-than the' NR- Shlft-“AA ,

[y

'nonmedlatlng ‘singlewunit S-R mode of learnlng vould /result

!

y in the opp051te eFfect, i. =€, NR faster than R. leen that_

-

- errorless tralnlng 1eads.‘fo dlmensxonal control, the

8

question is whether this controi‘-'s‘ restrlcted to the
'original relevant dlmen51on onry; socthat vhen confronted
with'fa' 51tuat10n requirlng *5" solutlon on a differeﬂt-
dlmen51onal ba51s (the: NR shlft),h°thehtask‘becOmes‘Very
d1ff1cu1t ‘more ,soA than if trainingh 'vds ‘done” ‘non-

'_errorlesslyf g 'Thus, ,;1a~ ' restrltted dlmen51ona1-control

a Q

hypothesxs would predlct a muchk slower NR shlft speed »than»
both an B shlft after errorlessapreshlft dlscrlmlnatlon-
v;‘ learnlng and an NR Shlft afte§ non-errorless pretralnlng. On‘
the other hand, 1f errorless tralnlng ddes not ‘produce a .
stricter _ control ‘ than those preparedivby,Tconventionel
trqinlng, then there should be ,ﬁb difference" betﬁeen the
respectlve shlft performances;'of subjects tralned elther'\
way. Furthernore, there is the. p0551b111ty ‘that since’ the
»errorless procedure draws the subject's attentlon solely tod
the"correct stlmulus_ wlthout regerd ':oi the. 'negatlve
‘stimulus, ‘thisw. procedure'S mlght‘ not ailov; too, much
| opportunlty vfor' the subject” to develope a: ZCOnceptua1<
representatlon Off theh=set of stlmull presented to hlm. It-

e

would then, be qulte p0551b1e for errorless procedures :to
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result ‘in 4’ery specific S-R learning in much the same way
that Kendler and Kendler (1962) haa' proposed for younger
chlldren. .;f' this is the 'case, then errorlessly tralned
»subjects wvould be expecxed to execute an ﬁR - shift faster
than “an R shift;-Thus, by comparlng the shift: performances
| of.subjects traine&h'qn, an errorless procedure‘ and by -
compar1ng these to - those of subjects tralnedA.On‘ a.
-conventlonal method, it is hoped thaéjsome of the specific

transfer -effects of errorless 1earn1ng in chlldren could‘be._

observed.

©

In addltlon, 1t also appears vorthwhlle to 1nvest1gate

6.

“vif there are developnental dlfferences. 1though attentloh

IR -

ftheor§ does not postulate differences due to aqe° as suéh,~
_ there. are suggestlons .that"eitner preschoolers do -not~t
‘-medrate (attentlon ‘or othervxse) or fconceptuallze at' all
'(Tlghe and Tlghe,' 1972), or that they medlate but acquire‘
and extlngulsh their med1at1ng responses slower than second—
grade chlldren (Camploneﬁ 1970- rckerson,‘ Wagner _'anh.'
ACamplone, 1970-‘ chkerson. Nov1k ‘and Gould; 1972):
Theréfore, if errorless tralnlng does_ augnentf'attentional
medlatxng ponses, ,tne pursuant effects» vouldVbe more
Lpromlnent in. preschool ahlldren. That is, for preschoolers'
fthef,lmprovement ofA R performance after errorless training‘

over R. performance after conventronal. training should be:

greater than that of the second—graders. With second-

graders; uho may be expected to be 'able to conceptualize -

' stimulus propertles alteady v1thout the help of the

iferrorless technique,»the effect of errorless train1ng uouid



"counterparts. o -

'further‘ informatiOn aboht. the manner 'of Shlft iproblemf‘e

be minimal, .So that R performance ighgredicted to be equal-
in the two condifione. However, .the assqmptlon of srricr'
dimensional control predicts that their pOst—errorless NR

‘would be slower than if the or;ginal discrimination yae

iearned co;ventionelly.vlon the"other haﬂd, if errorless

tralnlng ‘should" reduce learnlng to the specific ‘mode, ﬁhen

it should retard the performance .of older éhildrénﬁby'
decr%asing their.reletiveiy stronger tendency. to mediate, so

"thatftheir execution  of the reversal vould be slower" and

o

A snpplemehtary pufpoée'of this study ‘is ah éltempﬁ to

apply“'the recently publlshed method -of subprqblem ana1y51s'

@

of R/NR performance; It ’dsﬂ hoped that thxs may provxde

relearniné'undéFlying Speed.rThe main"interest here is 4in’
trying to' discover whether errorless squects would learn‘

i_the dlscrlminatlon on'the ba51s of spec1fic S—R connectlons_

or on the ba51s of a conceptual fornulatlon of the problem.

K:In ‘sudhary, the.__preseﬁt studj- wés'fdeejgned ‘to

. oa

investiatte the» effects"'of-: errorless _4discriminat10ni

learning, - in 'terms of dlmen51ona1 control, ‘on .reversal and

secondegraders. ~Tvo 'experiments verefblanned. Experlment IT

te. -

V'1nvolved preschOolers and Experlment Ii .enployed second-

grade, chlldren. ~Both experlments. had the sale de51gn and

o

\‘w. . | ' ] B " : - 3%t

‘0.

,‘nonreversal faster than_ thelr conventlonally tralned ;

'nonrééersal shifts‘ln tuo age-groupe'_-;v preschoolers.~and_.r

procedure. These will be descrlbed in  the’ uethod ~secr;on
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s
beLow.c ‘The' main hypotheses regarding the 'relationship
between errorless learning and dinensional control were
similar for ‘both experiments. But specific predictions in
.teﬁms of data following from these hypotheses wdﬁld _be
'_slightly different for each of the experiments. This was‘

explained earlier and will be further ‘detailed below.

ﬁxegrbeess

&:’3

The above discu551on gave rise to two “main hypotheses

for ' this _study. It was hypothesized that:: (1) dimensional

‘Alearnlng would occur with errorless training, but f(2y._that.
" such dimensxonal control would ‘be °stricter- than -that
'produced by conventional tralning. These hypotheses . vere

.

_tested 1n terms of the relative . speeds with which the R and

‘,NR Shlfts arevexecuted Speed is defined as the"*unber of

trials to criterion. TheSe hypotheses are further elaborated ‘

|

lfor each of the experiments as follows~: _ I

'Experiment I (preschoolers)° S Lo .

I 1. _‘That, dimensional learniné would occur wvith errorless
‘training, |

" This vould'be manifested by: . .

A !
. ..\.4‘ ‘

. -

trainlng; -

I-ta -- & faster R shift than NE shift after errorless
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s, A (S

#-2. That | dimensional control resultilg from errorless4
traiping*ueuld be . stricter “than that fron conventional
'traiuiug‘séitﬁat}'-' - o

[‘.

I-2a -- errorlessly trained subjects would execute an’ R- :

shift faster than conventionally trained subjects-.and
. , - ) . - . "l \ .“ . . . ' .
I~2b —-— errorlessly trained subjects would execute an

NR’ shift slouer than conventionally trained subjects.

[
-
LY T o . R . . . . R ,‘ ,~

C= o : »//i

i

» / N *
Experinent II (second—graders)'

iI-1. That dimen51ona1 1earning vould occut ,tith,\errprless.,

W‘tr&ining...

"As fcr'Experimeht I, theiprediction was:

II—1a -—a faster B shift than NR shift after errorless

training& ' 'v%.f ﬂ e

. II<2. °That. dimensional control resulting fron errorless

treihing_!ould.ibe srricter. than that. ﬁron> conventional f:

'tna‘ini_ngf.“ LA

- v - A'~ ' tLeT

»

Because eight-year-olds can be expected to 1earn on a-

~. -
A

dimen51ona1 ba51s already, there may not be a. greater degree ‘3=‘

*of reversal facilitation;by errorless training. Thu!!blthe

T spec1fic predictions folloving from this hypothesis are.

sllghtly different frdn those for Experinent I--*'

-

a . . . DU 2
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Lo

b-}fj ulIl eﬁergew and tnat a’ pattbrn of 1ndependent 'subproblen

" -\" i v "'”. Y q h * “w .
| e o) uo
. X \)r . 0 . o , - «”'V
I W i v L Y
. " . . P [ " o . ; )
#ith reference to" reversal, the specific” prq@icﬁ%on
w”ﬁyaﬁ: e T T B P L oy '
N c . . a , " . ‘u" ‘ ) - “'o . ,

, .
0 . I " v o

II-Za f—v that botb eitquésé;y and - conVentibnaLly

trained subjects uoulq executegthe R‘sh;fﬁ‘at approxinately

oy, R ey ¢ o ’ LY [
equal smds. L L V'U . l‘o - e ) . n

K A v - N N a ' . N Y R

.n‘ . . . e ‘ \

B h;’ R e
. Butﬂ the dimensionm control gesu;tfng fron entorless

[V
"

'otraining vould still be exgected to ‘vl restrictive. This

would be. evident if"ﬁ"h&.f. ‘ o e
00 . oo %

o et ‘ % S oo,e
O ' . a

II—2b - errcrlessly trained subjects uou&d.eiecuié.gn

é L8
: NR shift slover than conventionallyvtra;ned subgects.'

o 7,
S o PR .
- \5 . &

4

No specific hypothesis .vas offe;
. -‘:"' S0’ g .
: isubptoblem .analyses s1nce its use 1s e

B )
e

[

ﬁ‘The purpose is to see if subproblei pattefn

. 7
e

N c;atdfy some of,tﬁe less obvious reaSOns vhlch hay gccount

fb: the relabive trangfér spee&s. One vould.ahovever, expect P

o 3
that uhepever a group of subjects tend td solve the R fas;er

=
tpan NR, “a pattern of nbnlndependent snhproblen trahsfer
4 -

_1ga:niqg uill chnracterize supjeéts wvithf i.;spegdigr NR.

. g

cahmdiséioSe or,

B

" the planned -

ry in nature. = °
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The apparatus, stlmulus- mater1a15,.~and “the standard

exper1menta1 procedure vef@pldinttcal%for both experlments.f"

"‘Hovever, mlnor adjustments to th swtuatlonal demands' uere

2‘} N <

L made, thCh d1d not affect the unlfOrmlty of the procedure._

-

N~ . - . oL

‘Apparatds < S ST A .

The apparatus was: a- grey wooden box measurlng 2&" X 17"
x” 1qn¢‘ nounted iony'the front panel of the box were tuo

Plexlglas ulndows measurlng 3“;'r”‘§ﬁ,ﬁAtw0‘-1nches apart._‘

Centred a&proxlmately three 1nches below the 1ower edge—llne

Of thea ulndows ,¢c1rcular h01e~out of vhlch marble-:

relnforCers _were dlspensed upon correct responses.; 'k

: receptacle' uas attached 1mmedlately below the hole to catch f

dropping marbles. Behlnd the Plexlglas v1ndows ~and on the

back ot the front wooden panel, rearaprojectxon screens were'

. 5

tapped »to; allow:_for' the sllde projectlon of the stlmull. ;

-f,-. .

ulcrosvltches"were connected 'to}rthe' Plexlgla ,wlndovs,

o actlvatlng 'hset 'of mechanLSms-whén pressed On a correct

Lt

yﬁ
choxce, the m1crosv1tches released a marble vhlch vould then‘i

fall 1nto tne receptacle. The,mlchSVLtCheS were’ also wlred

N

ﬂ?tO»‘bwo‘ light bulbs on a control box, permlttlng E to know

..r

vhlch stlmulus was chosen: ‘on any one tr1a1. Pushlng on

'"xelther of the Plex1glas V1ndovs also termlnated ‘the stlmdﬁﬁs' {-:

'.~qpresentatlon for that trlal. ‘ThlS :vas accompllshed' by

connectlng the mlcroswltches to a shutter placed 1mmed1ately(5




L

‘ih;frbntfof‘the slide proj

tor 1ens. On ‘the COntrol " box,
c whioh yas"conneCted tﬁ/ the varlous mechanlsms behlnd,the
ffront panei, vere ah/y/a togglev sultch 'd.”ad push—buttou

switch. i.The- toqgle 591tch alloved E to determlne whlch of
r , , _ "

"th€7st'mu11.wouldfbe _correct accordlng ,to ‘a . prearrangedf
-.stlmulus presentationidlist;. The push button SHltCh opened”
"~ the shutter for a new trlal. In51de the wooden 'box :and on '

"one of. eW 1nner lengthv1se walls was mounted a solenoxh-ﬁ

L M
y . ,
S ‘ 4
/ e A ol MY . .
. i o : .

'operated gate housed in a metal box. The gate regulated .the;‘

“ -

release~ of _ e ,marhle _pera correct ,response. Incorrect_

'.choices;7did not; activateA the- gate.' A rubber . tublng'

RN
[}

approx1mate1y 12" 1ong ran frOm the gate box to the centre

hole dellverlng the marble. About 1u" from the front~ edgef

and, on5 top of the box, marbles were fed 1nto the gate—box

"Hheymarble_ storage had a’ bottom fhole vhlch

- contlnuous s@ppiy of margles. The rear end of "thef wooden

Asv1a‘a hole 1mmed1&tely above. the gate box.,-narbles vere'

v1th theﬁhole leadlng 1nto the gate—box, ensurlng

“r‘fA» Plexiglas 'casing7"sltt1ng, .on the top of the "l

]_hox .was_ openable Hlth a: door: whlch also served as a screen"

S

vpresentatlon out of ther>subject's sight.,jThe

penlng by neans of a Kodak Carousal AVBOO slide projector,

t1mu11 were projected onto the screens through Athis back

so that E cdnld observe anq;record responses and manlpulatez

» eated approximately seven 1nches beyond the ‘edge of the'4

A
T e

ear openlng.

P e ¥
-4 -
iy

| 1\5



\"photographed uxth no.. trgylng paper coverxng. Eaeh member ef

St;mdlns ﬂéteFiﬁl§," A
'7The st1mu11 oconslsted of two geometric shapes of. tvo

Q .

o

,Palrs of stlmull,-as 1llustrated in Fxgure 1 vere made into’

-

'slldes. Fadlng ‘ofb the negatlie "stlmull wasipreparedjby o
= photodraghlng the - pair of stlmulliﬁthh Layers7‘ f*ﬂtraéfng

' paper .coverlng the . to- be—faded—xn member.‘Steps of fadlnq

. R .0

“ftra91ng paper 1essf thanl the‘ prev10us one..Tuelve fadinq

%

'fsteps vere 1nst1tuted for each pa1r of the problem, 50 that

.the fltst fadlng step was photoqraphed vith tuelve sheets of

“

43"

'nacolors; squares and frlangles were used wlth red and green..'

Vwas,achleved by photographlng the stlnull with one layer offﬂ7

'trac1ng paper 1a1d on the negatlve stlmull and the last- step

one_ sheet ’The) nonfaded member of the fadlng sequehce, as

R . - . -%

._well as both of the members of ;the nonfaded Stlmull vere
v:each stlmulus' pa1r was - faded, "* accordance C with . g
counterbalanced design};bwh \ pr03ected ,iﬁ sequence, the'

"'faded stlmull gradually became nore and nore apparent Sln%e

_fadlng steps, fadlng was conplete by the 2uth presentatlon

,.& .

‘palr, so that be91nn1ng thh’P the vZSth presentataon »pair,

1both members ‘of each pa1r were fully exposed.i rojected on

g

the SCreen, the square é;ﬂﬁgred 1r3/u in..x» 1 3/8 41n, bandd,;fld

;the trlanqleahad a 2—1nn2gase and a 1~3/u 1n. he;ght;-n'

- . R PR - . - o

: there vwere two palrs to the problem and there uere tvelve~”:'
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Identlcai for both experlments; the experlmental deSLgn‘ﬂ’

u"as a complete 2 x. 2 x 2 X 2 faCtorlal. Tbere were tuo types,‘““

.« Of Tralnlng .durlng the 1n1t1a1.d;scr1m1natton; fadlng and -

-»>

-"}nonfading, desxgnated as the F and NF fgroupsi respectively.‘

A

-two -relevant rn1tlal dlmensions, form and color. tvo sexes

of. subjects-‘ and 'o« shlft’ cqpkxg” ps,:f reversal ' and
o P g T '
. nonreversal, de51gnated as’ R*V\ g;

;abbrev1atlons, F, NF, R; and NR Hill 'beﬁ used 1ndiv1dually“

espectlvely.‘ The s

e

'~and conjunctavely to 1dentlfy the pr1nc1pa1 subgroups. ror,f-_u*

rf'example,'r B wlll refer to the group vho had tralnlng during .’

‘1n1t1al discrlmlnatlon'venE?'were subsequently -given ';aj

For Experiment 1, 6q Preschoolers ‘were recru;ted ff0m  ]f

'_seven day care centres 1n Ednonton.kﬁalf gﬂle males and the:i'.

R

'lthe treatment condltlons except for sex. That 1s, there werej
equal numbers of each Sex 1n every treatment cpmblnation.nfi
: The mean - CA of the sanple uas 5u 3 nonths v1th a range of 43r

—‘ Bu_ months. Yot included ;n the su were thirteen subjects!g

Aother half females. The subjects were assmgned randomly tO‘“-”'

'--_Gh_o failed to! 1earn either "'uief“ initial bt-;.._’ shxft_f o

.;jdiscrlmlnations as described belov. Pour other subjects were'F

s

‘.dropped d-l;Vﬁb' either' equipnent fallure Qr exper1menta1.57:

'nerror. Three mgre subjects refused tp contlnue vxth the task
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'dhdeere'qlsofercludgdffron the'enaiyses; 7
ff”' ?The 6“ SChool—ageA subjects i Experiment II were,

‘-“obtained from two Separate 5chools 1n Edmonton.3nga1n, they'

. ,uere randomly assigned to treetment condltlons,, except .for

' sex.jThe mean CA of the sanp = was 95 6" months ulth ‘a rangej

"'.qﬁ¥191 100 mwhths. Host the subjects uere 1n the secondﬁ

'qrade"ft‘ the tlme of the experlment.' There were_ sxx"f‘“'

1

ijnonlearnqrs. Three othe s  vere dropped due t° eqﬂipmeﬂti;

1;,fq;lure- TheSe latter nin- subjects were not lncluded ‘in the-

' N s ‘”ﬁ;
_ . L SR, . = L -
; TheoexpetlmentSf vere carrred?ﬁout on» locatlon. FPr
1.Exper1ment I, it fv_‘* do;e in a‘spare room or soue qul%t
e : *.

.“ﬁcorner v1th1n the day care centre'building cordoned qﬁf .ffr

R~

‘ther experinent i énd_ free from nterference by othe

.iactivitles of the centres.-Thus, except for Uthe_ phy51cal
'P,dlfference,‘\.thel'other experlmental conditions such eszs\ﬂ
.ffreedom kroe disturbance and apparatus set-up vere unlforn,fl
!fori all subjects. For Experlment II, both schools were able"”

o Sﬁhre an °ffice."yhichﬁigﬂaranted prlvacy for  the
ﬁ~réiperinent,Q.TV"vﬁ.thf. ij:‘_%-»~'n‘ ‘

PR ) o

"rTbe"subjectsfiere run 1ndiv1dua11y. At the beglnnlng of}.'
‘fthe experinent, each subject vgs{ shown an assortment of
;-'prizes uhich included candy bars,v 1itt1e &oys and » trinkets

:fsuch ‘as rubber balls, beads, whistles, etc.-The subject wasm

R .o
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told that he could win a prlze from the assortﬁent at the o

o completion of the "game"rthat he .-was aboutnto play.‘Then the ':

subject vas seated comfortably in front of the apparatds and;"
glven the follovlng 1n$tr0ct10ns<t'A A ' o ‘

. ‘ ’"Thxs is a game in. which you will try to vin
- as mapy marbles as you- can. ‘Here is a dish for you.
‘to put your marbles ‘in. (E handed 'S a Small :
.cobtalner ) R . o o

.. . Now (name of child), look at these windows._(a -

E pointed to; the two wvindows on the panel.). The‘v\‘

" way we play this. game is Gthat .there- will be- -
,plctures showing in: these wlndows. This- is ‘how you',
find -out which picture is a,winner. When we 'start .-

~ the. game you will press on -one , 6f - the : windovs

N vhich'. you think has " the v1nning ‘picture in it, -

‘like ‘Bhis or this. (E pressed each of the windows -.,
- .to demonstrate )y’ Now, you’ try._(s ‘was requested to..
'{,press ‘each of"’ the vindéws once.): If. you are right,

“that ‘is, if you .pick the. winnlng picture,. a marble

.”fwlll ‘drop . outw of: .this ‘hole, " (E poxnted to the
" hole) and you may . put it with +the Test’ of,:the' .
" marbles = you ! have - here. (E pointed to :the
.container.) If you are wrong. no marbles w111 drop;g
‘out. Each time the pictures appear, ‘You 'will * have
.one -turn  to press, that is, you choose ‘only one
- ‘picture. ‘and push it only once, and : try to choose
;the' plcture that will give you ‘the marble. If you
try, you can . v¥in'a marble every time you choose,
‘and- I wmant to See-how soon You can find a marble
every time. Remember, you. can pick a prize over B .
there ~ when . you have. finished the game. 0.K. 7 Are.

'~ you -ready? (E° ansvered questions if- any.). ‘0.Key -
‘we'!ll ‘start. (After the’ first correct choice, E-
.said)’s That's. rlght, Qr, goods - (After the first .

.~ iAncorrect ’choice,; E said). No,.that!s wrong.. Try
o again.® RPN R S e

‘Nonevof'the sdbjects inm Expermment II had ' probléms .

'ﬁunderstandlng the instructions,> though a few hesitated'

”before respondinq to the first preSentation, in vhich case. E

‘-,prompted hy saying- "Nou,you can choose one of the plctures_"
e and push A: it".‘-or3'sone such fencouragenent With the
:'younger children in- ‘Experiment, I;_;there vere’ e sxnllqr

J.number of : hesitations.fpAffnuube}jof,ﬁﬁem'uererelsoprather_';'

L
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'inquisitiVe.abodt'and;;efe; distracted momentarily by thegi,

vorkings.fofa‘the apparatus. when this occured E dealt w1thiq-f
_the Situation by assuring ‘a 1ook into ;ti_i apparatus but ﬁdj
ffonly when 'the‘ "game" ‘aéj over.. Duringv the courseilofj:
:EXperiment I, Some subjects also asked E explicxtly for thetﬁ

'correct »stimulus and jwere then met yith a,game—like-but
**nqnconmittal reply.. -

- \5 ."» .:' ' . L . T N . ‘..\_ K .
The stimulivvere .presented according stolV' modified‘-
'~Gellermann‘ serieS' (Fellovs,‘ 1967) vhich restricted theg'“‘

@

" number of succeSSive correct stimuli in one’ positlon toj7f7 """

..,\

"maximum‘ ofp _three, 7'and; vhich presunably guarranteedtu

=_randomness as vell as eﬁimination iof position"responding.;"f‘

-

7,1Th?n fading groups received the same sequence of stinulus:j e

”_preSentation{’the only difference being the gradual fadlng_-%fi~

: . @ .
in_;of the negatiVe stimuli. The counterbalancxng procedure'

<

"a_was euployed. Por the lnltlal discrimination, half of thef-“

'Training x* shift groups _had forn and the other half hadﬁflg

‘ color as the relevant dimen51ons. These relevant-dimen51onfi
| subgroups were . div1ded ‘again ééa" that an equal number of
_fsubjects h;d each of the tvo\cues on the relevant dimen51on;d
as positive. For the reversal shift, the pqﬁVlOﬂS p051tive[

_cue became negative while the same dimensaon (color or form),”
’was retained For the nonreversal shift, an equal’ nunber ‘of:'
f:subjects -in; each of the relevant dimen51¢s subgroups had'

each qf the cues on the new» dimension 'aS“ i ;tive., These‘fvf

Lexperimental arr’ngements are explained in Appendix 3.

a7
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[A correctiou procedure wasmp%%d in whlch the next pair~

. ,w*"‘ oo '.

vas advanced only after a correct response. The criterion;~

s

- vas ;ten successmvef correct choices. The criterion for the
< \

?fifadlnq was also ten succe551ve correct responses, but Aefter
sfthe ;COmpletion' of fading. 1 e.,f_when,‘both P051£i°?i§nd?
”hegative stimuli were of equal intensity;‘ After criterion ;
iuas .achieved “on.'the. 1nit1a1 discrimination, half of the~_
“i;subjeqts were given an R shift and the other half the NRF;;
'*;shift. The shift problems uere 1ntroduced uitn no ostensi;ie |
}break between the initial ‘end- shift phases. During thlS'
:“shift phase, all groups had stimuli —at ‘uniform _and full
"inten51ty, cCriterion -vasgwaqain etenv-consecutiveu{COrrect'

- . . ) . A . .
o - ‘ - ] _ . . h

e>responses;”

In addition to the ha81c procedure descrlbed aboue,‘.a‘

1vtraining procedure vas instituted upén the first error after

' 'the second 12-presentation block to-f¢C111tate 1earning on.

-«
o ‘0 Lol

| ﬂthe original problem. This procedure involved the follouinq.e

;[ E showed the subject each; of the two pairs of stimuli -and,

'without mentioning the color or form of the cues, E pointed

3

"to the positive memPer .and,_said:' "ThlS' is the winning'
'picture. -It always gives jounthe marble;"'Pointing to the
r‘negative stimulus, E. said' "This is the 1osing ricture. ,Itf'
\"doesn't , give - you the_.marble."’ ‘This Spec1a1 trainingj
-procedure vas 51nilgr to that used in several other ‘'studies
(e. g&ﬂ,, Hous_e an.d Zeaman, %1.9.6«‘23 Canpione, 1970 19‘,’
jDickerson, l966, 1967- and Dickerson, Wagner end Canpione,
1;1970).- ThlS spec1a1 training procegure has the ndvantage of,

Jsubstantially reduc1ng the number of nonlearners, .vhile at:

-



49

. . l ‘ ' R . cT \

the same time the procedure doeq not seem ‘to affect the
relative performance .petterns ‘in ‘gn_ R/NR shlft desiqn

(Campiome, 1971). This tactlc can be further justifled vith

} .
‘reference to chkerson (ﬂ967) who. indicated< that -a, large

proportlon ‘of ‘kxndergarten subjects eventually requxréﬁ
. . ! . . c. .

'speclal.,training to reach criterionb on 'the forlgxnal

discrimination' anyway. Thls,metﬁod is deemed preferable to
the alternatlve of dropping nonlearners, vbich muy:result 1n3[

a b1ased sample selectlon. ThlS specxal‘ tralnlng procedure'i

’ - -

;ue not employed durlng the shxft phase. Instead, vhen f1ve

or six 1ncorrect respomses occurred 1n ‘any 12—presentat10n

;block, ﬁ would say- "Remember, I want you to pay attentlonrh

" to- the two plctures and see if You can win’ .a:_marble every

[

_tlme“

§

dln_“the 'NF group of Experlment I, special'treining vas

required for only flve of the subjects. Two other subjects

d1d hot_reach cr1ter10n at JSO trlals even wlth the spec1a1‘

=tra1n1ﬁg and vere dropped. Two more subjects vere dropped

ﬁor_not reacblng the[postshift NR crlterlon at 150 postshi ft

)

"trials,' In the . P :qroup in  Experiment I, ten»subjects'

reouired the special training. Five other subjects given the

fading 'tredtmentn'did VhotA reach 'criterion:_by tbe dﬁth

'presentation—pdir .and' were dropped,, because _for'-fading‘
-subjects to take that many trials to reach criterion vould

, ~
amount to learning the orlglnal problem Hlth errors sunlar~

to the control subjects, and hence lncludlng such .subjects

would defeat the purpose of this stndy. Also ellminated were

four_ ‘more subjects ;vh%; Successfully completed the fadlng



phaSe but failed to reach the postshift criterion..Ail " four -

were given the NR Shlft

With the second—érade‘ children in Experiment' 17T,
sbec151 training was given to nine subjects in the NF group,
and ten subjects in the fading group. There wns one NF -
nonlearner ”and‘ ene NF nonshifter, both excluded.' Also
i excluded were tuo subjects uho coula n%t learn the 1n1tia1

‘discrimination with ‘faﬁing, and another two who could not

‘learn the NR Shlft after successful fading.A

l
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.Rosults | : /
.dIn accordancetvtth the previously stated hypotneSes;
" the purpége iof gtﬁe' two experiments Auas to explore‘the
transfer effects of discriminatlon acquisition - without
'ﬁ errors compared to ‘that vith errors. Speeds of the R a/ﬁ NR
shlfts, in terms of trials and errors.to criterion, were the
major - Variables, supplemented by subproblem 'analyses.
Experihent - I investiguted these effects in. preschool
.children and Experiment IT in second—grade chlldren.
e
The-scheme forvthe preSentation of results.pill.be the
Same 'forQbothiexperihents. Firstiy; the deta‘on“the initial
\disérimination will. be reported. This w111 attempt to show
that the fadlng procedure did occasion errorless learnlng on’
‘the, 1n1t1a1~ dlserimlnatlon. It will be further shown that
tne»main.subgroups uithin',each experinent .had .a 51m11ar
number of jpreshift“»overt -responses. Then,' the transfer
performance will be reported 1n tvo ways. Trlals and ‘errors
to -the postshlft criterlon will be used to 1nd1cate the'
‘speed wlth which the shift task wvas completed, ;olloved byﬁ
an ‘ana1y51s -of the‘ subproblem 51earning -patterns of the
vvarious subgroups, - | e |

With the trials and errors data ~in both experiments,

analyses of” yeriance were performed on the‘square—root
‘transformed (/x + /?TT_vj‘(s¢ores.e ‘This  was because -
hetereogeneity of variance"wds found in all cases and a
_square—root transformation was - deened appropriate for this

kind Qf dataA (Kirk, 1968)\to better meet‘the,assumptions



£

underlying the analysis of variance. Heans, hovever, vill be

computed from raw scores to facilitate the interpretation df
Cdata. O .



| ‘i' lgxperinent'{' o |
1. Fadinq o L
| ., of the 32 children vho uere'-inn'the-_r condition,- 20 ¥
'completed preshift training vithout err'ors.‘'rh‘e-{re.la:l,n‘i'ng‘~
- tvelve. made errors ranging from 'aﬁe }to four. This snalr
.number og. errors could be, considered ninimal @There was’an
egnal nunber of erring sgbjects vho vere to be given the R
a; .nn shifts (six in each’ case). The 32 subjects given the
I'conventional simnltaneOus discrilination had a nncn higher | _5“
. proportion of errors. an average'of 19. 20-per cent,*compared o
to 4.26 per cent for the tuelve P sub;ects vho made errors.
.'Thus, the fadinq nethod had 1arge1y sncceeded in° enablinq :
:initialﬂacqnisitionrwithvno,or very fev errors."

N |

;o : . C. . L R : R

- 2 Trials"to'Preshift*criterion 7_ : - Tl B -‘“"jf”

»
-rhe; criterion -f?r the initial discrinination vas ten f*,ﬁjﬁ
fsncces51ve correct responses. The 2 x 2 x- 2 x 2 (Training‘t e r, &
Shift -rf Dimension x Sex) analysis of: variance perforned'onA“
' :the transfqpned trials to preshift criterion (sunnarize_ﬂ .

;Table 1) revealed two significant main effects, those due’ to”l:

-Training (F = 6 6&59, df = 1/&8. p< 05) and to Dinension (F‘-
o= 1137785, df = 1/&8, p<.01). and a significant Training

lDinenSion interaction (F

ooz AU

. the whole, learning with form. relevant was faster than witfﬂ

»tcolor relevant (mean trials =.26.59 and 38.81 respectively

Q-

rawv SCOres), With reference to the Traininq x Dinensgg



C g

»interection wae neinly d ue ﬁo (xhe di!feuent acquilition,
. discrininatione in the NF gondition. Hpile khe F 'sunjects |

~fﬂcorresponding uegns tqr the"Nr subjects.mere 18 19 and 41. 88
‘»rquectively (t =°3. eu, ﬁf - 30, p<.0? trensforled date)w

- e '7" o . &y

etfect.: pn ernninetién of the ceil means 1ndicated thnt the

' a N

ratew ‘ betveen the . tqrn-reldvent and g colererelevent

v

required neens o 35 . 00. tor forn fnd 35. 75 for color, the

The significant Trwiﬂinqreffect indicated a slightly smeller

) q. o

number ot trials required by‘@he NP group to reedh criterien.

o, e .

.Jthun the ' F qroupa" n- iuspection 'oﬂ,}he rew score;neans‘]

“‘}shéwed, hovever, thet as groups the P :subjeets - had. only

o

( .
30 03). This nay have been due £ the fact that a  more or

less ﬁixed number of trials vas required for successful'

feding. But inspite of the statisticel significence, ihe

RO -
e

_ectual uean difference was nof very greet..

D

v These lresults suggested that the fad}ng rocedure'did'

nghﬁpﬁe 'the - desired :effect vof _errorlessa discrininetion

«;Ww{ithel stiluli prior to shift. It must. be noted

'ebout~'fiVe nere trieis (mhan the NP ones (35. 38 versus;“';

i:hetﬂhhere vNas no Training x Shift effect. It seemed safe,,

,fthefefore, to assune bhat as groups the subjects assigned to-
fthe cribicel pastshift independent veriebles vere. feirly

"well eguated in terns of preshift overt responses.

(".

a1
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observe uthe reratlve speeds wlth whlch the F ana NF groups.

- executed the‘R,and~NR shifts. Trlais ‘and errors to the

;poStshiftt criterion “are takenﬁ'as 1nd1cators of speedr

)

secondary ain is to_'ohserue 'thev patterns ofp°subprob1em’

R .

transfer durlng the 1n1t1a1 transfer trlals.T

g L LT . . AR
'1;_Trials,andVErrorshtp“ﬁpstshift Criterion

(45

4

The ma1n~ purpose cf?‘thef ﬁollowlng -anaiyses is  to

-

'i'The Cr{terion:'fqrd'thep>transrer'-phase,'=asi For the ’

1n1t1a1 dlscrlmlnatlon,’fgwasa-gten : consecutiVe“ cdrrect»‘

=.responses. Thei525 2 »\2\x 2 ana1y51s of varlance on the_

transformed trlals to crlterlon lS sunmarlzed in Table :2.‘

a

Four,".effects fdwere lstatlstlcally s:Lgnlflcant,~ namely,

bt - K4

Trainlng, Shlft, Tralnlng X Shlﬁt ,and Tralnlng/ X Shlft Sx

e Sex. ;fhe;.cell means relevant to these 51gnaf1cant effects

v

are contalned 1n Tables 3 *and

”overall (Table 3y, the subjects vho vere presented fadlng

.’crlterlon than ' those, uho° had fully ‘exposed preShift_

: presentatlon, “anad that on the whole, an R Shlft was executed

'?stlmull before Shlftlﬂg took 1onger tp ‘reach the- transferf

;Q.i It v111 be seen thatf

faster than an NR Shlft. Table 3 also shous that uh11e the R

shlft was executed at ‘equal 'speeds “whether cr not_jthe

‘ subjects‘ had fading durlng the preshiff condition, the
‘1n1t1a11y fadlug subjects needed approximately 25_;more
.. R S A
trlals than the: NF subjects to acz/eve'thegNRcgiterionf(te=

v.us;t df 30, p<- 01). Furthermo

R was faster than NR in

[

T

aty
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each of the fadlng and nonfadlng groups (g = 7.26 af =‘-3o’

v

‘1attery. These results obtaln vhen sex 1s collapsed as shoun

ey

in Table 3 and graphed in Flgure 2. However, uhenﬁﬂ;f“* eresl’

vere separated,‘ as . suggesﬁ\ﬂ\by the sxgnlflca'ff ‘f-efiay

-]

fp<.01, .for the former---t = 3. 63 = 30, p< 01, for the

1nteractlon, it appeared that much of - the Tralnlng ,x "Shift

'1nteractlon was due to the retarded performance of glrls whol.“’

had been glven fading at flrst and then an NR task (Table

A

4y. A separate 2 (Tralnlng) x 2 (Sh;ft) analy51s onz the

14.5765, af 5 1/28, p<- 01, ‘Table 5)- The boys' ~data .(Tabie

/
/

glrls' data reVealed 'aa strong interact10n~ effect (F =

. 6) shoﬁed"a, 51gn1f1cant Shlft effect but diad not have anyg

I
nteractlon at all. The sh1 t_performances of theﬁtwo sexes,

in rav trlals to crlterlond ‘are . illustrated ,in Flgure 3.

"~ results. R"was” faster tha { ¥R with fading (t = 8. 28, af':;~

_Comparlsons amdng the g{rls' means produced the follov1nq ;

1“,‘ p(.OJ); wlth convent onal tralnlng, R also tehded to’ be'

‘-faster thanhNB, but the obtalned fell short of statlstlcal

‘signifiﬁénce‘(t ,=.;1,7%L_ df' :" Tﬁ, P>e. 05). Furthermore,

conpared ‘torsconventional tralnlng, fadlng resulted in the:f

glrls requlrlng fever ﬁklals for reverSal (t = 1.80, df L=
. ‘.‘\\‘1 .

1“.: P< 05). but more tf&eks’for nonreversal (t’- 3. 37 df_

14, p<.O1) . o i

The ~ana1yses fon> the"errors-vto‘ crlterlon prOduced'

]

i

similar freSuits ,reflectlng the analyses done on trlals.

Y
)

Table 7 summarlzes' the .analysis of variance { on" the“

= )

. HT SRR

‘rawv. score ‘means. It is': inﬁeresting to note thatzwhereas the"ﬁ‘

-8 LI -~
.‘&;, . g )

transformed data, and Tables 8 and 9" present the relevant C
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'.Shift
f(Traininq

L"justifiable_ol
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i . C. - ‘ . .w .
fading technique SuCCeeded in enabling the/ subjects .to

acqulre the 1n1t1al discrimxnation witb few or no“errors, it

IS i

was these same subjects who had 51gn1ficant1y more\ errors -

during shift. - This ‘uas also' true when the proportion of

~errors vas ‘taken as' a dependent varia%le for . ana1y51s

‘_inStead - of the absolute numbers of errors (F = 6. 8830 df =

' B
.

1/&8, p<. 05, .Table 10). In terms ;of proportlons, hogever,'

‘there was no o%her 51gn1f1cant effect.

It should be noted that the factor of Dlmen51on d1d not

_exert any effect vhatsoever in the postshlft analySes\ It

appears that though on the whole the subjects were a llttle

‘Slow’ orienting to color at first - once criterion -waS”
achievéd the d1mens1onal d;fferences dld not _affect their

”?postshift performance. f;p- L

’,
P

2e Further:hnalysesmonfthe Postshift Trials topcriteripnle

R

-

The correction procedure uas such that the ngét pair of

stimul; euas advanced onlywuhen a correct response occurred S

one *pair.tIt was noticed durlng the experiment that quite a

3 4

number of F subPects perseverated their uerroneous -response

.

to the first

imension_.i- Sex) design.. Thls procedure isb

the grounds that the Shift factor was not

N0

.onditio;s were collapsed, resulting in a 2 x 2 ;x 2ht

'to the present pair, thus allowing multiple errars fan an}-.

postshift éhanged pair. It  wvas therefore '
'n analysis on__the nunber of ‘perseverative.~

Fl

dec;ded to ‘do
err rs on th‘s palr. For the- pur pose of this analysiiﬁ the .
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act}ve treatment variable in terms of the dependent variable'

in guestion.f The first changed pair vas equivalent for all

Subjects regardless of - their subseguent shift«‘assignment,”‘

l

~ and- the type of shift to .4imposed vas in- no.jvay‘

perceivable by the subject at the first changed pairi "“The

, analysis, summarized ia' Table ﬁ1i} showed a 51gnificant‘?

: Training effect (F = 23, 7842, df = 1/56,‘p<,oa, «transformed'
:data). The .group averaged 7 eu and.the NF group12:78» -
perseverative errors (rau scores). on ‘the_ first 1postshiftf"b
ﬁchanged pair. .There'fvas also a .05 Significant‘effect‘for
’niﬁ’%nsion (F. = s.sosa, .=‘ 1/56)‘. ~The f”p‘r’és’hi‘f’t -form-l“
relevant subjects had 6.140 and color-relevant subjects 4. 22'
.perseverative errOrs (rau ;scores). Hoveger, because _this
differemce seemed 'mininal ':and‘b confounded ui%hffthe'
significant Trnining effect, and since«there was“'no otherf

VSignificant postshift effect assoc1ated with Dimension in

-

nthe above postshift analySes,f thisr»particular s1gn1f1cant.,

Dimen51on effect may best be: considered a spurious one.

;

- In  view of ‘the perseverat1Ve‘.errors‘ on -thé first
'changed postshift pair, ‘the possibility of these erroneous

trials accounting for\ the trials—to—criterion results was'

fS

lexplored by re—analyzing the . trials—to—criterion_ data. with_"
_the"multiple errors on the first postshift changed pairq
counted as only one error. Table 12 preﬁggbsi%he analysis of f
ﬁ"variance sammary. Comparing Tables 2 and 12, it can. be seenj;

qthat essentially the same results vere obtained, except for"f

=

-lthe main Training effect.‘The Training x ngﬁg,_ and the

_Training x shift x Sex interactions vere retained, hovever. o

P
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Because

separate anal SeSIOf variance for each sex uere run‘»on- the<

postshift Tt 1als to- criterion without the multlple errors.. -

"~Tab1e 13 ruhmarizes the boys' data, and Table 1“ the girls'

data. Heaﬂ$ in raw scores appear in Table 15 and are graphed

'in‘ Figurefvu;; For the boys, only the aain Shift effect vas

51gn1ficant,%w1th higher mean NR scores for -both training

N3

COnditions 4}

n

20 2566, af = 1/28, p< 01). With the qirls,

overall ‘NR shift was also slower than overall R Shlft _(F C=

g

52. 2035,_ af f;» 1/29,. p<. 01).- éui. the Traininq x Shift

interaction vas. also sig’ficant (F = 18. 0900, af = 1728,
Y NI

p<.01). Further compar Sons. between the cell\means of the

. girls'. scores were therefore made using separate e tests,

Vith.'the follouing results., 'with-fading, R‘uas'very‘much
" faster than NR (t’* 10. 2o,adf = 1u, p< on. ith nonfading,-

mB also appeared to be faster than NR, but the magnitude of‘

-difference was no% nearly as great as with the faqing group,

jthe t obtained (1 79) only barely reaching the .05 level ‘of

'SLgnificance (with af = 1& awa p<y 05 t = 1a76). Further, P~

d

R vas faster than NF-R (t = 3.13, df 1u. p< on,. and F-NR -

5uas:a1so>siouer‘than.nrrNR (t = 3.09, af = 14, p<.01). "
3. Summary of(theg?rials.and-Errdfs»&nalySes

'Thewoveralii

erroriessly trained subjects generally executed an R shift

o faster than an NR shift, thus supporting hypothesis I-.' fhe;f
-‘finding that NR performance after errorless learning was'

a,poorer than ‘NR- after conventional training vas in accordance

1

of the retention of the three-way interaction,p

data confirmed prediction I;1a in that.

‘Lr
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. V‘ '. IF.G . - . - R
vith predictioni i-zb; .supporting hypothesis I~ 2. However,

- the. other prediction follouing Jfrom .hypothesis I-2, that'
errorless ;subjects would have a -faster’ R; shift than

~conventional subjects (I 2a), did not receive support- from. .

the overall data. But sex differences vere found. ¥hile the

boys' data supported predictions I 1a and I-2b, th girls'f

© data also’Supported predictions I- 2a in that their reversal

.'perfornance appeared to be: facilitated by fading training,f
'uhereas-fthe toys' wes not. Thus, _while the two major
“hypotheses receiued- generel -confirmation,= the. degree ofi
iﬁsupport appeared to- differ vith sex. But in. another vay,-it_o_~
seems thut the general effects of errorless learning were inf

 the 'directions- as predicted, but_‘Jthat the' specific

‘manifestations,mayvvery with.sex.

‘_ There vere other findings obtained from the trials and

‘errors data.' Hhereas . fading . succeeded in "errorless
'discrimination. training,.-it uas_ the. errorlessly trained
subjects vho had more errors during shift Pading resulted

_inv~more _perseverative errors as the reinforcement schedule

vas changed. But th@ nain effects of. fading - regarding the

? frelative speeds Nof_ shift problem solution, including sex

differences, lasted beyond the extinction of perseveration.'.j

o

“
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fSupplemgntary Agg;151§
wan. The main objective of this analysis is to find out how

g ?he various . groups xxubjects treated the ‘transfer

AL
é& uﬁproblens. Specifically,

i

,is intended to assess whether

Q’}qr; nog} subprobleas linjkthe shift - phase vere 'ledrned'
iiindependently as a function of the'.twov preshift ftraining.¢ | e
'methods._ This .nay‘ further elucidate the learning process
.underlying the trials to criterion analysis. Two typesﬂw of .
analyses vill be reported vfor t:?% purpose,kspontaneous
wshifting and graphic analyses of subproblem transfer.

;}..,‘ _ 5 - | o

a. -Spontaneous Shifting

Ihdependence_ of subproblem learning' implies'~ that
experience off>a‘ change. in reward contingencies on each
ubproblem is. necessary to produce a.change in . response »to
that- subproblem. ;To_~the extent that a change in. correct_
response for one subproblem influences the . Subject's.A choice
,‘onf the. other subproblem, nonindependence 1s implied1 Thus,
spontaneous shifting may be regarded as _an indicm;or of
'subproblem interdependence. A spontaneous shift, therefore,
refers to a change in the choice for a specific ~subprob1en .

" on ‘thg' first exposure to: ‘that. subproblen during transfer,{nh
" but after the correct altergative has been changed for thefT
other subproblem. For the: R shift, tﬁgﬁ.anounts ‘to examining

7Trial 2 of the postshift phase° Lf Trial ‘2 vas correct on.

the first response, then the subject 7‘uas_ classified as ;a

spontaneous - revigser. For the NR shift, the §§$ponse tgsthe'ﬁ” .

E_r
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“first‘ ‘appearance of- the unchanged pa/ig‘ (NR-U)  after the
first‘ Changed (NR- C) uas, examined- pontaneous reversers

vould respond 1ncorrect1y to this NR-U trial.

' Of the total 64 subjects, slightly over half (35) of
‘them shifted spontaneously.. There 'were 17fvspontaneous
_shifters from thg‘ﬁ group and 18 from the NF group (Table
‘16). ﬁhis diffe;e%ce ‘was not signiflcant The Spontaneous\
‘aShiftérs vere reclass1fied accor&ing to Athein origina17
retevant dimension- (Table 17), h@“d, oimension under the
‘preshift'trainingfmethods ‘(Table 18’;f None of the chi-.
squares from. these tables was 51gnificant There were also‘,j
;no sex- differences in spontaneous Shifting (18 males and 17
'-females). hor dld the original training methods have
idifferential effects on the sexes on spontaneous shifting. .

b. Graphic Analysis of Subproblem Transfer.

fhis part of'the analysis attempts to 'ascertain_ithe,
patlern of 'sgbproblem transfer during the first ten pair—
ltrialf presentatiohs; This number of' presentations nas
'deternined;‘beoause after . the . tenth trial, subjects began'
achieving oriterion preqludino their. inciusion in rthe-
.t‘angiYSis; and proportions ’thus“obtained could be’quite

misleading. The ‘graphs ~to_»be‘ presented -Eepresent the'

' :proportion of "subjects who 'responded correctly to the

f;various subproblens on the trial-paﬁr presentation nunber of_

“ipxhat subproblen as shown on the abscissa. fIn thei case ‘of,

,flchanged subproblems, the ana1y51s begtns with the first;

A
L
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occurrence of the given type. of subproblem during 'transfer. ;
In the case of unchanged items, the first occurrence of‘sucnw
an ;1tem- following a changed item represants Trial'1‘on‘tnel
‘qraph; According‘térthe method.estdblisheduby 'Tighe, Giipk
Aﬁaf céié_ (1971), "for the reversal curve, pair—trial refers
‘to successive“presentations of both stimulus p:;rs, 'everf.
point - on the curve'thus_involving an averaging~orer the_two.
'pairs,_It requires‘that there be a sufficiemt number ‘of
‘subjects remaining at and -before the twentieth presentation
,of”’the reversal' trial—pair to . eneble Aﬂ meaningfui
interpretation of prooortions. In this study,;sinCe tnere
wasca subStantidlfand'rdther ~rapid ¥ttrition ﬁof ,sunjects'
beyond the‘ tentn reversel triél—pdir presentation as they
ireeched criterion _rteeping in mind"that' due . to the .
rcorrection _procedure, presentations.nre not s‘ponymous with

' trials used’hs a’dependent'variable for iearning‘criteriontf'
caution must be exercised in interpreti;g the: end ?portions
~of the curves where the numbers of subjects represented vere
less than’ the full sample and unequglufor some pOints on the
_curves; The last points on .the curves wnere:there vas e‘full.
slete of subjects are mprked uith a,rerticdi bur;v .,."

The visual™ interpretation of’the,graphic oresentation—'

of subproblem performance follows that of Tighe; Glick and
Cole (1971) ; Tighe and quhe (1972) and cole’ (1973). Theséhg
‘ authors suggested certain features in the qraphs vvhich"%g;%i
: characterize independent and nonindependent Shbp:o&i;ﬁ
transfer. Independence is"'marked by. a consistentlyv';igﬁ

proportion of ‘correct choices on the_nonreversal unchanged
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\

G

pair (NR U) from the beginning of shift, contrasted 'with a

changed pa

" slow, gradual

ir

vau151t1on of correct responses' to  the

(NR%C)..mIn« additlon, 'performance on. the.

'reversai- pairs t(ny, is

.‘subjects uho

learn the.

very . simllar to that of NR-C.” Por

subproblems : as, one_ problem

(subproblem nonlndependence), the Ng~-U starts out with a low

correct proportlon, ‘and performance sufﬁers on both NR ¢] and :

“NR=-C. Ther

5
*

e

is ‘a necessary Lnltial drop in R performance,

but the ‘R cdurve quickly surpasses the tuo NR curVes.

in Flgure

'

Subproblem curves for the F and - NF groups are depicted'

5." lpplylng the4 precedxng- interpretatlony

2 - C T
quidelines to'the-tVO‘panels‘ of Figure ‘5, the followlng

N

observatxons can be made.

indicated

by

performance appears to be

the rapld

o i .
Moreover, the R curves in

superiority

to .criterion analysis,

reversal w

"throughout.

as

For both F and NF groups, reversal
superlor to both NR subproblens as
acceleratlon_ of the R curves.

each of the panels maintains its -

“This is cousistent~with‘the‘trials

where it was found that the speeld  of

faster than nonreversal for all subjects. The

second feature to be noted is the relatxvely low starting-

NR curves,

NR-C drops

continued to improve.

NR—UL correct

it .appears:

- the F subijects,

proportion

in both groups. These tvo features'

. squest‘nonindependent subproblem 1earn1nq for both F and NF

) squects.,with reference to the comparisons between the two

that the performanCe on the tvo NR

' subproblems was more equally disrupted in the NF group. Hith

inspite of an inprovement at Pair-trial 2,4'

for the next three-APaLr-trials, while NR-U

.

. One additional feature of_'Pigure‘ Sa

’
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'T(the F group) is the relapse of NR-U at Pair—trial 6 dovn to

the 'same- level on Pair—trial 1., just as NR—C reached
o’ N

béyondSGOXr | | o o ' - N

[N

Thus, the visual inspection of Figure 5 appears té

‘suqqest that therev is 1little. evidencgﬂﬁgg indapendentm.“.,

L
o

subproblen transfer in either the F or the- NF group.‘w Thex_\'

nain feature-distinguishing between the two profiles appears

to be the manner in which the tvo NR curves separate in each

.

off the tvo fpanels of Figure 5. It appears that for»the F

group, despite the" improvement on Pair-trial 2, incorrect o

responses- to the NR-C pair was still rather éifficult to
extinguish While a higher proportion of correct responses‘
to-'NR—U relative to ‘that of NR-C May be an 1ndication of'h
subproblem 1ndependence, other features of Pigure 5a suggest-
that.other factors niqht be responsible for the separation

betueen- the tvol NR curves, especially when the separatlon’

occurs only in the niddle portion of the graph. - The’ rapid, '

cceleration pf._the R curves, the vide difference in thef
‘-relearning rates betueen the ‘R and NR~C curves, and the low,
.'1nit1a1 correct proportion of NR—U are' all characteristics.

3of subproblen nonindependence.

Because there Qas .an indication of aVSex”differencéf
vith ‘th;'”trials—to~criterion. anaiysis,' ‘the ‘subprobien
'-1é§rﬁing functions wvere regrouped accordinq:'to.~sex and'
preshift“training, resulting in,PigureiG.'ﬁThe; differentiale
effects on'the'sexes are quite apparent from Panels a anfpc-A

 of Figure 6. .ﬁhile the 1earning vrates of".the, reversal

o



- conventionally trained than when errorlessly'trained;.
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problems' of both males and females seen. to be similar, the

sexes differ more on the relearning o& “the 'NR subproblems-w‘
. Por the F males, there eemed to be’ little disruption of NR-
"d and NR-C celearning for the first five Pair-trials. Hith,
che F females, performance on NR-C dropped after Pair-trial
2 while that “on NR-U. vas retained angd. improved. Por both

sexes, the NR U curves declined rather. sharply as_ the NR C;'

rate gradually caught UP. With conventional training (Panels‘

b and d), the subproblem pattern obtained for nales bears a

very close resemblance to that obtained by Tighe, Glick ‘and
Cole -(1971) for’ ten-year-olds. Thaf is, performance suffers
on both- NR—U and NR-C, with the R curve. quickly* surpassing _

both,f‘iThese ' are Vassumed tof‘be‘ -clear indications of

".subproblem nonindependence. With the NF temales,‘there seens

to'be a nigher degree of shbproblem.independence; withf~NR—U

beingl consistently superior to NR-C. Howéver, for at least

the first five Trial-pairs;‘the shape and positibn of - the R

cnrve as. well as “the fact that the NR- U aiq not . start vith a
'hiqh proportion correct fndicate some_ -degree ' of

_nonindependence also. Therefore, it appears that' sdbproblea

independence 6: nonindependence is a matter of degree. Ind

‘this case, it appears that compared to boys, qirls shoved

nigher '_degree of independent subproblem..learning when

’

@



H‘c.fstatistical Anag}Sis.of Subproblen Transfer

=g

© N s i ) . "

The graphic analyses in Figures ‘5 ‘and 6 provided a qood

;visual representation of different patterns ~of subproblem

learning. 'But‘.in vorder‘ to' assess the reliability of the

differences in learning rates among the.. subproblems,; a

measure of ‘subproblem transfer for each. kinq of subproblem

for each subject suitable for' statistical analysis was

obtained. The neasure chosen, in'accordance'with~the graphic

representations, was' the pxoportion of correct responses

during the first ten subproblem Trial—pairs, or .up to the

last ‘Trial~pair if - the subject reached criterion prior.

Thus,- the' NR subjects vere . assigned ‘tvo scores -- a
- . . % S '

proportion correct kfor' his five NR—U Trial-pairs, and one

v

for his five NR- Trial pairs. An. R subject received a

single- score -= . the proportion correct for' his  twenty

'reversal pairs (the first ten trials on each pairy. These -

raw scores were treated with an arcsin transformation deemed

"approproiate for proportions (Kirk, 1968). v

\‘

"-separate analyses were rcarried out in three parts.

’JPirst a colparison vas made of perforaance on the R and NR-~r

’

.C subproblems. Then, R and NR—U‘vere conpared..Finally,‘ the

relative rates of' NR=-U and.NR-C vere erauined It will/beC. d

\

'recalled that subproblem nonindependence is characterized by

the superiqrity Rp?over both NR—ﬁ and- NR—C, ‘and

independence\ by the siailarity betueen ‘R and NR—C, and by

'the superiority of NR—U over NR-C. The analysis of variance

.design for the first tvo conparisons was the same —- a 2: x 2-

l’_

4
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'%%@ké_x- 2 factorial’ (Training x Sex X Subproblen). The dosiQn !!i
’ ‘.j the NR~U/NR~- C analysis vas a’ splithflot factoriﬁi vitha two

“

. ﬁmwng‘ﬂﬁgn-subject factors, Tuaining "ang' Sex (each with tvo

- levels); and one vithin-subject factot,‘Subpgoblem.
. . ‘ : o ¥ K o LT C

B ‘¢;b195519;”29, and®“21 present the,analyses.of variance

ﬁnnnanies,“ and: Table 22 conﬁains the raw cell neans;"?he

statistical analyses 55& significant main effécts~only.\They

‘ showed that ovetall, R vas superdor to NR-C (P = 37 0677, af

= 1]56, p<. 01), and to NR-U (F = 11, 053“, df = 1/56, p< 01).

- These results substantiaxe the :‘previeus““' visual

interpretation that - 11 asubjects tended to-’learn the

(ELY CE .
" i o

'subprobleus nonindeyendently. Hovever, _Taple 22Fv also
i“indicates that qenerallyyutNR-U was also'sunerier tofﬁaéc,
lthoughlnot to the saae exéent as the superiority of R over
NR>C (P S, 320@ dt =" 1,28, p<. 05). This finding may . have‘"
jreflécted'*the varyind degrees of subproblem independence as

explained eaflian. e L yf. “ 'sv‘
. R t‘; : e s 3 "‘5 o

‘s!’ ,ﬂ ﬁf

L) rd
d. Sannary ot Subprobien Analyses A o L
. 1? N ¢ T, o . . o "‘“ ‘J . -.I » - B ..‘
e N b U “."._A . [ : 4‘ . . . e

The subprobleg analyses seened ‘to have elucidaied' an'
resultsi'obtained f;om.‘the trials to critetion analyses to'
sone4 extent. vmhus,'- % geﬁerally' fastet* R. than - NR
perfo:nance hy all étoups ‘may be due to the squestion that’f

 the subjects on tbe whole tended to treat the subproblens-as
a unit rather than sepatately.‘With the nunber of ttlaISv t
vas fOund that original ttaining had “little. differential

efﬁegt on the _boys!' NR .shift,{‘bnt“fading prolenged £he

-
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p rls> NR relearninq. The suﬁproblem analyses’squested‘that

ithough F. and NE boys requlred appmoxlmately an equal number‘

-

- of;'trlals to;reach the NR criterion, the1r manner of doing

_soiwas somewﬁat‘different The F ‘boys demonstrated a- rather
rapld . acqulsltlon yof both NR - palrs. But4 thlS earlyit
\ : V . .

relearnlng proved t% be unstable as performances on - both NRt_
- pairs dropped rrather markedly after the flfth Trial- palr,-
and had to be reestabllshed -again. The NF- boys, on the other

hand, hadlthelr_learnlpg:on both,NR._palrs: dlsrupted"aafiy
durlng ‘th trahsrer_‘ phaseli followed - by ga“ygraduat
reacqulsltlon, Witﬁ the girls, it seems .that there'_was a'.
hlqher degree :of ‘subproblem 1ndependence in the NF qroup‘
than 1n the F group- Both the patterns of Flgure 6d and‘ the
.cell means of_ Table 22 attests to thms tendency- In fact,

. Table 22 shovs that the F glrls had the best R learnlnq rate

/

of all the subgroups. ThlS may suggest that the reaSOn gor;,il‘

-'theyﬂretardatlon of the-glrls' ‘NR acqulsltlon may be related

Nto or the same as that KGSJ0n51ble for - the_,facilltated’fh‘/'
o . PR A : - . = ! : h .

‘reversal. ' S



' u{#,_s;ézzsf;dﬁsgs;/na, P .os). This analysis “is sunlarized in
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Experiment IT e - s

.

‘J;Theﬂ subjeéts for thiéjeiperiment'were eight-year-old
' ,second qraders. The pr1nc1p1es -and methods of data analysis

=

were the same as: those of Experiment T.-

‘Initial Discrimination

. Fading. , ) 3 » ) R P
FReRne. o N S - - “4/_ ﬂ
Eight . ofi.the 32 subﬂects 'qiven'the %reshift fading -
.;tralnlng learned the 1n1t1al dlscrlmxnatlon v1th no. e:rbrs.
! 3, . N
'_Twenty—four made errors ranglnq from one to “four, with the

majorlty maklnq only one error (eleven subjects).fThere yere°
an equal number (12) of errorlng subjects _who . were " to be
T.ass1gned to the post Shlft R.or NR conditlons._rifteen of -
,‘the subjects who mnde eﬁrorﬁfjwere 1«¥%£?he ,preShifzs form—i.i
'relevant and nine Ln ‘the color-relqyant groups. The average ¢
”‘error rate of these 24 subjects anounﬁbd to only 5 06 iper'
cent< of their total responsas, uhlle the error rate for the

24

'.‘NF group Nas 22. 11 per cent.

2. Trials tojPreshift(Criterion'

‘ASs w1th the previous experlment, the criterlon was ften
R R : :

successive corieot chpices. A--2 x 2 X 2 x: 2 (Training x~
Shlft x Dlmension x Sex? analysis of variance applied to the'l‘

transformed Qata produc%d two significant effects~ Dlmensiong*

(F.= u.3839, af = /ue, p< 05). and Training x Dimension (F‘«a_
, B T dm
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Table 23. enerally, the form discrimination vas :learned'

faster tha the color diSCrimination (mean trials = 32 5 and

.uo.97 respectively, rav scotes). The significant Training x
,Diemn51on 1nteraction wvas mainly due tO"the differential
ti acqu1§ition -rates between ‘the two DimenSion conditions of
‘the NF qroup. While themf subjects required means of 35~69

" trials to reach the foru criterion and 36456 trials to reach

the color crlterion, the ‘corresponding means for the. NF

Jronp were 28 .31 and 46.38 respec iyely. This, atter
ﬁifference»‘uas rsidnificnnt (t = 2.2&;‘,df = 30, p< 05,
transformed data). There ‘were. no other siqnificant fffects,

1ncrud1ng “the Training x Shift interaction. This Warranted

the assumption of Valent' preshift 'respouSogyrates “for

vvsubjects a551nged to the critical shift conditions.

',Irnnsisr.gerigsmﬂnss*f e
ST - ¥ s
[ :

1. Trials® nd Errors tq Postshift Criterion'~

-

The criterion . was again-'ten’ Suc¢essiVe“ correct

. ‘responses. Table 2“ summarizes the analysis of sVariance on

lthe transformed - trials to criterion. Tvo effects were

. . 4 , ‘ o P o o
- significant; Shift (P = 41, 5816;-x'f = ‘1/“8 p< 01). and

Trainin%' x_.Shift f(r = 6. 3853, af =.1/48, p< 05).'Table 25

‘presents the relevant cell means which ‘are graphed in Pigure

‘ﬁa It Can be seen here that -an NR shift vas generally more -

L : i
- difficult to conplete’ than Q"f ‘R shiixésaut the: leveljzf

diﬂéiculty with the NR shift was substantially higher' witﬁ

tfading training than: with _nonfading ‘priqr to.shift,(t =

e
o L o o ER
L e e |-

FEOAa

Bg . - o s

#
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2.7“,;df ; 30, p<3615; Fading and nonfadinq seemed tg% navé;
.no - appreciable differential effect on the trials to %he R
.criterion. Further, in each of the Training qroups, ﬁ wasvf
moré'arapid .than,‘NR' (t. = 2.09, df.= 30, p<.05, for the F
qrdup;,andtx_= 2;57;_df =f30;{ p< 01, for tné NP group).A
There"were“ noucother"significant effeots in Table 2&,‘
;includingi sex differences ~which' wvere vfound with .‘t£é7»7
vproéchoolers."? e - R ) | |
Tkei analy81sk5on' érrorsﬁito;'ppsténift criterion. ié4

summarized in, ‘Table -26.° onlyo'the shift effect - was.

. 51gnificant (F =  30.1426, daf = 1/ue, p< 01).. An .overall

slower NR_perfornance due to e l_wps indidnted.» Although

' . npot  Statistically "significant, the Training mAin-effect'

'showed the_snme‘trendaazithe for trials to, criterion, as

illuStrated by tne_cé means An Table 27. Thus, the Vtren@;ﬁ

-

‘here isk sim

&

i.e., fading the pretraining negdtive étinugi vténdéd ‘to

to the one(found with_thé four—&onr—olds,

'produce a larger number of postshift errors.~

a

4;As "Vitﬁ the .preschoolers, Dimension did not have any.
'effect in the above analyses on postshift datau Similar to
‘the preschoolers, ,the* NF eight—year-olds also found the
initial color discrimination somewhat more difficult, “but
once‘ _the¥ vhad' learned tne discrininotion, dinensionni
differonceéiqs }Sﬁch‘,did not‘_oxert;{onk offoctﬁ_on. tnqir

postshift performance.



"multiple err_:

3. Sumnéry!oglthe Triuls;and Errprs.Ana1YSee

3 - . o N
:

- L
R

2. Further.ﬂn&lySis of Ttials to éostéhift'cgiterion

ErrOrs :on the first changedcpostshift-stimulus ﬁair

were, - also analyzed with the 2 x 2 x 2 design, collap51nq the

shitt‘conditions. t vas found that prior stimulus fading

:broduced siqnificantly more 4perseverative, errors on thef'
first changed pair, averaginq 3.59 evrors, versus‘ T.81.~for“
the NE° group (r = 5. 43, df = 1/56 p(;OS,_Table_ZBi..Tnere'

were no . other signlficant effects.'”

1
- o

-

.fhe fivét-changed pair counted as onp.

Sy

.
Table 29 and ;m'a 8 conﬁain thg:e fresults,,- A comparison,

s

,betueen:-Tables 29 and 2”:'reveai the same significant

* ‘

effects, suggesting that the results fmﬂm Table 2u were not .

&%

due to the increased 'number é? trials on' just ‘the first

vere still sustained..
T ) B4 .

2

R ' '

A1l “the  _specific -predictions withfreﬁerence to.shift .

learning speeds vere coniirmed by the resuits.; Thﬂs,j both s
e DR ' 23 '
‘major hypotheseS;'were’ supported. Unliké the results fron»;

*

' Experiment~{, no sex differences uere found in terns of thej

P

"fftrials " and . errors - to postshift criterion.’ Similar to

Experiment I, fading again tended to produce more. postshift

errors.'on”,thé first changeéﬁ gostshift pair Cas vell as-'

uthroughout the course of the. shift tasks.?*z  f

Do
s

73

The trials to. criterion vere then re-= ana‘l[ed' withf

"changed postshift pair, beyond which the_ treatment effects @g

4
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§swp....ms .H___.n._lLL.

_sponfaneouqu. This relatively large proportion of school-'

.fastec R shift and, with fifdinqs obtained by Tighe a

.,(1973); of the 806, 21 “d é;ding experiencerand 25

B chl—square < 1, nonsignifcant). o

JO v . .‘. " \' O ' A . . - .l . «
B Graphic Analysis of Subproblem.Transferl °

o)
¥

This part of the analysis deals uith the patterns -of

'subproblen learning.

iﬁ- Spontaneous_shifting-‘ Z. . . . >

i

Forty—six _ (72%) g of the. ‘éﬁ " subjects ‘:reverSed .

age spontaneons reversers is consiStent with their

ues'_not statistically siqnificant 5square,perforned"

on Table 30 resulted in K'ivalue "The ‘spontaneousn

-

reversarsﬁte; also fairly evenly distributed with respect

to the preshift fading and dimension assignments (Table 31,'

.&‘

.The same principles and methods of suhproblen analysis

" as those uséfwln ﬁd?epiment I vere applied to _the’ data “of

\

~the- eightgyear—olds.

<

4

Ptgure 9 presents the subproblem curves of the eight—r .
s s

yearvolds. In both panels o: Pigure 9., there is no clear cut

| evidence of subproblea 1n pendence. o both cdses,_ NR-U

<&

started off vith a lov proportion correct, and R acquisition

'Jwas rapid and superior to both NR curves. The eight—year—old

|

e e




' mi’.’ . | v R ;‘"‘* - » i ) ’ :
F.guhjects had subprdbiem learninngunctions“(Figure‘Qa) not

,_unlike those of, tﬁeir yOungen counterparts. ‘That is, the .
acceleration of the R. curves was rapid and’ euperior to bothlfiq
NR curves; and'_u‘ relapse ‘of, NR-C' low rates after some“f
improvement, conttusted uith a continued iMprovement of the
NRwU rate. Furthermore, as uith the F preschoolers, the NR U'

‘curve declined as NR- C rose. L, »

@mﬂﬁw- f»kith ‘the conventionally trained achool children,‘their
N

subprobleu learning functions (Figure 9b) shoued a more

a

‘ con31stent _nonindependence. pattetn. Not only dﬂe“the NR u

ﬂ»:subproblem §aj£er,'a deep depression at: the y%tart : oq)

) .,etranSfer, ‘but the R suﬁbroblems vere learned mgge@rapidly _

;‘than.the Nh—c“ subproblem.: There - is still discrepancy

]

“between ctheb NR subproblems with more’ disruptions on the *

_changed pair. But these two curves are relatively cloSe to%

"y 4 “ b

each other and are not as dramaticaliy at varignce with each
e

T other at the mid—portion as those of the F subjects._

L]

]In. sunnary-' he"graphic' suhproblen,anu1YSisrrevealed-. lﬁ

~eome transfer processes which vere not ierdiately .obvious

?ﬁ : fqon& the» triais or errors to ctiterion_gata. Hhile fadingf

had noﬁdifferentiei-_effect on.‘Ri subproblen acquisition,‘

"which :uie indicated by the - trials 'and~errors*datq; the.

;manner of NR subprohlen acguisition vas different. .Neitherv

‘ ~training ' nethod "seemed " to have' produced independent5 .

‘fj"?f?éiﬁprebian ieatning. But Figure ' did indicate differift?e.j
o disruptive effects on. NR -C acquisition due to the diffegence

in training uethods.?;{,f Lo T ,w%' VA
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.

G: Further Graphic Presentation R L -,

Tnerei_yere no. differnces; due-to sex in the analyses on

\

trials and errors for A this experiment. But slnce ‘the

'analyses ‘on._the data 4of the preschoolers suggested %ex

d!%fernces, it was decided to replot the vsubproblen ;curves

‘&wording to sex for the eiqht—yearholds as well, to seq if‘;,

& -

R

Mqﬁr L 2 S N
D¢

any sex differqmgqs unobservable from the trlals and ‘errors'

data could be discovered I'rhe maln purpose vas to find out‘

AR
°n§§u\e

'wm

1; the Bchyﬁfginlgwm:\e as ‘much affected by the fadinq'

trehtment . as "‘the younqer -~ girls vere. Fiqure 10 prysents_‘

\tnese curves; 0verall, the figure indlcates llttle ﬁevidence
) R - = .
- Tof subproblem. inde@endence . for . Tal1 aioups. »The,,F»male

v

g T

second graders seemed to have more problems with' the ref'

vauis;tlon _of_ft NR c;pair ‘than the preschool~boys. But

the most strLking feature of Flgure 10 focusses on Panel- -d

o fhere it ‘can be seen that the fenale second graders were

I

much more affected by the fading procedure than 'males, in

‘ was obscured ql.n the trials and error;s analyses.

the same way as the younger qirls uere. This'finding

faa , .
'-gﬂﬁgau\StatlStical'Analysis or Subproblen Transfer
‘ N In accordance w1th the graphic pr'esentat’ions, " the

B proportions of correct responses during the first ten NR

o

pairs and firs twenty R pairs were analyzed. Separate

_ analyses vere - done‘ on’ the conparlsons between R¢ana NR-C,

Q

S*tween R an

differences//did’ nbt snow;:up- in the t;lals~to~cr1terion

-~

NR—S, and between NR—U and NR- C., lthough osexu’
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_dnalysis, the'subprohlem curves of Figure 10 seemed {o ihply

diffefential effects of fading.on  the ‘sexes' in their NR

©

'1earning. Therefore,, the design for the analyses on these

' N . . 3
subproblem learnlnq rates included sex as —-a -factor. The

anaLyse§ wvere run uith -an ar051n transformation of the raw.

'propottions._

Tables 32, J%w an& 3“ present the summaries"of Qheh

o

analyses_ of 'variance, Q@nd Table 35 contains the relevant

.“u

‘means if-raw scores. qu sxgnlficdnt main effects fuere-

- L '

o
foundﬁﬂxgm@mheé@nalyses ofm*atiauce. For all subjects, the R
gl

;ate vas superior to ua—c (P = 49.6651, df = 1/56, p<- 01y,

and to NR-U (F = 11. 13@%{ af = 1/56, p<01). Overall, NR-U.
vas .alsg superion t04’R ¢ (F = 16. 772u af = 1/56, p<.01).

These< tindinqs . 'aupport '-'the].' interptetétion; that =~

nonindependent 1subprbblen learninq occurred in all - g:oups,'”

'with ‘the peculiac*feature of NR-U being superior to NReC.

‘e. Sumlary of Subproblem AnalySQS

'c¢‘:

v

\A‘;;
\
-

Th'e findings obtalned for the second graders vere very
similar to those fot the preschool children. Both the v1sua1

inspection of .the subprobleu curves and the statlstical-

analyses showed that the R relearnlng rate vas superior tof‘

N

both_-the ‘hR swbproblems.'vThis ‘confirns- thg trials—tp-.

Cfiterion data -and suggests subproblem nonindependence.

_Nohdndependeﬁée-"i% ﬂfnfther‘ supported by ‘the low: initialb

~\)

cotrect‘tesnonéb rdte'on'NR—U; It qppears that fading did"

- met  result | in the ' subjects - 1earn1ng the‘ ‘subproblems



‘latter difference..
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'individually. The graphic-ptesentations, hovever, suggested.

that therv may be differential traininq method effects uhich
were ‘not evi@ent- from any statisticnl analyses. The most
striking feature -of the subp;oblen patterns‘seemedsto be the
dapressed mid portion qf the NR C cutve in contrast to’ the

J.mprovement ﬁ( the * NR=U Ccérye. This particulat effect is

stronger in the girls' pattern than in the boys' ‘Hith the
- . .

NF subjects, Vhils' the NR-U rate vas also hiqher than the

NR—C rate, the mid—pottion contrast between these curves vas

not nearly as great as that of the F subjects.‘ Thus, while

L3

the_' trlals-to—ctiterion ) analy51s fopnd' no. qeversal-“

performance differénce with respect to training methods. but,

a slove; NR learning after fadiﬂb than atter ndpfa@inq,':the

subproblem anélysis may: suggest possible reqspns:for this .-

~ ) . : 3 o c. L
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Discussion :

The major purpose of the present stuady uas -td’

investiqate. the effects of ;erFeréSS‘ disdtimination
acquisition-on reVersal and nonreversal snifts in children
" of  ‘two aqe_ groups. The ‘postshift data therefore' are
pertinent to this major purpose.ﬂTne results' did oseem to
elaborate on the transfer effects of errorless learninq..
They supported ‘'some of the previously stated hypotheses - and
vere inconsistent with some of the alternative ones. These
findings will be %iscussed in more detail. But before doinq B

o o

so, certain' aspects of = the preshiftndata are also worth
L » o . " ‘ ) -

commentipg~on.

At

' ; ‘The .fa_ding‘ ptocedure ulsed in this : research"
generally. successful in producing errorless discriminat _f
learning in ‘ohildren.~ ThiS“ provides -onegﬁnore instanoe '
demonstrating “that, indeed acquisition of a discrinination'

. does not necessarily ‘require an ECtive- entinction of
incorrect instrunental responses.»Though this study was not
designed to test the Hull-Spence conditioningfextinction'
;theorv, the ‘consistency "lof ' obtaining zwerrorless

ndiscriminative behavior in this and other studies revﬂewed
above question thep involvement of such a dual process
under all learning conditions..rurtheraore, this 3contention
seens : hold not ‘only for the Hull-Spence ° type nof.

,instruuental theory, gut also for - more .cognitive models,
such as attention or mediation theory, vhich also assumes aj )

_dual—process in the acquisition of relevant jand"extinction



P

1behavior by _elininating respo
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of irrelevant dimensional mediating responses.. It appears
that 'attention to the correct dimensions, and hence

presumably the abstraction. of . common properties from the

,stimdlus field, is " possible even -~ without an © active

extinction of attention to the ircelévant dimensions, at

"least for the type ofbtask'and’subjects used here.

One implication of errorless learning with reference to

dual process theories shouid be'ciarified, however. The fact

that discrinination leacning can  occur without the

extinction of"s-' respondinq,‘ vhile pointing odt-certain

weaknesses in tne deductions made - from these theories as.
exemplified by Terrace's vork reviewed 'above, is not a
direct refutation of dual-process theorias, as implied by

s

extinction is designed for the situation vhere one: response

i is' reinforced while another is not reinforced. A refutation
.uoplq\heve to involve differential reinforcement ‘Qng. ng%

obtaining . . the. . projected excitatory ~iand inhiBitoéyf,

-

'tendencies.'since the errorless procedureidoes’not actnally
: @ntail differential reinforcenent in the sense that neither

responses to’ s—<nor nonreinforcenent occurs, the conditions

under' which dual—process theories are assuned to operate no

: l

RS

he construed to disclain the funcxion of k-3 dual-process- iﬁ

. otherAle&rning situations. There lay silply be\nore than one'

T way. of 1earning a discrimination problen, dependiqg .On. the

o

-

-

:lonqeg\ hold;~ The -success ‘in ptoducing discriuinative v
nge

i_ Terrace' (19633). ;Tne dual process ‘of acquieition and . .

\
!

to S— therefOre, cannot‘

'occasion. : R o ,\ SR



. In any case, it agpears " that the advqntaqer'ofv the
w W * . !
errorleaa procedure in che initial acquisition wvas confirmed

by this study. The results of the two experinents shoved.

that vith the conventional training nethod,' the preshift

oolor' discrinination ~wd’s nore ditticult thanﬁjthe form

L - .
discrimination for both age groups' whereas, with the fading

“

‘procedure, both the color and the form discri-inations ‘were

iy

1'acquired equally uell. This particular pattern of results 18

quite analoJous to findings of other studies in which

—

' ditferential acquisition rates due to stinulus pretraining

'were examined. Farlier, it had.,been ‘found (yee, 1965;

_Suchman and Trabasso. 1966a) that preschool chiidrenf had
vfairly A definite digonsional _ preferences, generally

Qpreferring forn to color after the age of four. Suchndn ~and

q?Trabasso (1966b} furthet found that nornal kinderqarten and’
nursery school chiiﬁren did in fact 1eatn’ td discriminate

stiluli better when these etinuli were on_ a preferred'

'dimension than when they were' gn a 'nonpréferred dimension.

'Subsequently, nunbauer -and odon (1§&7) found that vith

‘preschool childrena requiring .subjects 'lo verbalize “the o
relevant .but* nonpreferred color dinension tacilitated thew

| initial color discrinination acquisition.‘ Working - vith

a

, xhree—year olds on’ height anda briqhtness discriuination,”

“ 1969)w,£pnnd that eubjecbs / trained " on their

fﬁ édiaension : folloving séﬁ}it&zwtiqn *to» that

,.7

cuted the inigial disc?inination‘ -uch taster

’
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trnined on the nondoninanﬁ dinension ‘without

htiodl\;The ‘sensitizqtion procedure consisted _ofu~'.'v



.y",:/

“ ' R y . .\;:. .

hdvinq the children differentiate tho cueq‘of the td‘baf.

v

. relevant dimension by sqrtinq thg‘ dfgcrmginand, priortrtotil

w0y

dis¢rilination traininq. It appears, then, tﬁ’“ the tadihq
procedure emplqyeﬂ in this study had a’ siuiiar etfect of »
optenting the children tc the appropriate stinulus féaturus,“

reducing dimeﬂsional differences and enabling them to learn

!

the othervise more difficult colar discrimination with the

3

same level of ease as tha fora discrinination._

o

The\ tuo basic questions . posed tor the presont study -
uere- (1) vhether dinensional leatning occuts with errotless

iraining, -and (?)f~if sb, the extent to which ‘this '

dinsusioual“ coﬁitdl is exerted on. subsqquent behavior in

terns of discrilination shift perforsance. An attelpt will

» ’

be ‘9de ;o ansuer each one ef these questiqns uith the data" A

provided -by. the present ' experi-ents,f other - related
f

\
,obsetvationq vill then be discussed.

. Lo . .
3 N : ,
[ ks . . . . e g
s R - -
© - il

With teference to the first.question,.the‘data s_qustw

-that dinénsional control of responding aia develo with

fading traininq. Evidencd for this assertian is pro ided by7

the rapidity of the R shift telamive to the’ NR shi t atter ’\/

!

atrorless ttainingi This was/ true fo both Je-groups.

[

Generally, th post—e:torless R petIOﬂﬁance

N ‘h

'yasf'eithétw5

equi#alent or superior ‘to post~conven¢iona . Re ﬂiiﬁ'the

preschool qirlsh th s see-sd to be a, fu::har ; acilitation -
_ , Ad L : | '

of such dinensional lsarninq by tadipq 4s tbo r girls

reached the R criterion soncvhat quiCkor mhan the NE,. girls.

¢

' Llso,“in _both :experiaenps, gading did ‘not’, decrease the_ ;

s v . L ‘ ’ cub L .o

e Syt A ) N S ; : o
MR . f o - ‘. ! © L S e . : . X
. . ! . . Ll J— % . Y
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thdlng tra%ﬁéﬁq. In fact, there vas a hlnt that ‘t fadlngv

.theka.Ashift' oﬁét* the'-sR‘.shlft ]¢a¢ be »attrlbuted to f.” ’

r'-,,

‘1ndependent ,subpro'

f';'statlstlcal ana1y51s whlch shoved that the reversal 1earn1ng

il

i
.o _ ‘ - . o S : 4
#‘tendency to reVerse‘~spontaneously as..the .numbersl of"

.“‘

spOntaneous Ashlfters 1n'-e1ther tnalnlng groupS~ fhﬂboth“f

experlmentc vere not 51gmrflcantlf’d1fferent The subproblem“

.9

1earn1mg“ana1yses :%;ép} 1nd1cated that there ﬂmaSm"'mo'

8

_ - R
treatment mlght havet helped thel preschool glrls to galn S '

o 3

dlmensional respond;ng, ws 1t wag'noted that w1thout fadlng,
& Fw 3\
the preschool glrls‘ Seemed ‘to have\‘_ hlgher degree of

Sl Sl
rndependent subproblem learnlng.}Thls v1sua1 1nterpretat10n L

‘o N \

”: of the subproblem curves vas further substahtlated by the

\~ - S, ..4 i

rate wvas’ much superlor to the nonreveﬁfal rates.»

-
g I . 1y
-

-.As“.disCusseﬁf*in‘ the Introduct1on,0the»superlorlty of

- dlmeu51onal control\rof respondlng.rbli appears that even-

A

wlthout active experlence,wlth the negatlve members of the,<“

‘:.rstlmulus~ array,-»subjects-kuere' stlli able to dlscern the

hd

R e

relevant stlmulus features and respond_ accordangly. Th;sjf"

does not7 supportv the earller Suspiciom,,that ,errorlessj

tralnlng maght resuit 1n sPec1f1c ohject-re}ardfmlearming.:

>

en 1earn1ng pattern aSsoc1ated vlth theﬁ

.

o

Sree

’ Had thls been the case, there would hage been a much greateri,

'Qimemsional_ cpntrol shaped by errorless tralnlng 1nf1uences _Vﬁ

amount of 1nterference 1n the R shlft»and ‘a lesser amount df

-dxsruptlon ~':l.n the NR shlft followlng fadlng tralnlng. There'

~-

yould'aISO be. a pattern-of suhproblemrlndepeudence.

The second questlon -tQ' be »ansvered-his' hév' “the: L

o

.

LR 3
o



lShlft hehav1or._nore spec1f1ca11y, the 1ntent vas to agéess,“

the7 strength of thls ncontrol.. The‘ data' of tWe present
,e;per1ments\suggest a very restrlcted cbntrol.- The . esults.
T .- . N . \
!dlscussed ,ammedlately above ‘showed a certaln dqgree of

'id1m5n51ona1 control._ The‘ severlty of athfs control B is'

&

: Flndlcated' by the flndlngs' that generally NR' proved to be-

.more dlfflcult when the or1g1na1 dlscrlmlngtlon was learned“
errﬁtlessly than vhené 1t was 1earned conventlonally, and L

.fthat the R/NR dlfferentlal vas much greater for the F groups

S
~

'fthan fpr the NF groups.;with the exceptlon of the preschool
";bOZSaf the F subjects*regulred about 50 per cent nore trla}s
'tofreach- the» NR crlterlon than the NF subjects. Thls

%conclu51on S further supported by the subproblem analyses-;'

vn;

fThe pattern of these functmoﬁs suggest that the F. groupsod&éf/?”'
/ T . ,’

,hot‘ learn‘ the subproblems 1ndependent%y.i.Rather, there

,appears to he a’ very,strong dlmen51bna1 effect carrled over

ll~,3from or1glnal tralnlng., hem SHlft ecceleratlon of .the1 R.’7

LR
N "
\

’“‘\ curves is . one olndlcatlon' of subproblem nonlndependence.*
’ N 5 - '.
\ - i

\»Another 1nd1catlon.1s the 1n1t1al rates of correct responses'

PR S

”to the NR—U palr: These Latter rates vere consrderably less

Y

than perfect but. hxgher than the NR—C rates.pAn 1ndependence|

pgttern_”would shov }a perfect or neareperfect NR 0 rate.ﬁj"
/

B Thus, the’relatgve°hlgh rates of both correct_ responseS'vto.'
\

'the\ uB—U pplr and 1ncorrect responses to the NR -C palr mag

s

51gn1fy that the subjects-;were st111 respondlng to ‘the

o I
! o

stlmull ; whlch f ,Here‘: correot : durlng the - orlglnal
dlscramlnatlon. Horeover, the contlnued 1nprovement of the“‘
L A _ ' :
g \NR—B Nrate conblned vlth Ca deterloratlon of the NR C rate



[ (1 » . .
B - . L4
. : T

‘durlng the m1d sectlons Ofnthe subproblem curVes uay further‘nf

!
R

squest the pers;stence of responSel control by prev1ously

approprlatev dlme 510ns. It must: be noted that the NF groups;
in’ both experlments were also:-controlled by‘ the‘ orlglnal .

.gdlmenSLODS to. some, extent 'But compared to the NF d;:§p§(

.l
the errorless groups took a much longer perlod of tlme to

're—drient to .the- shlfted dlmen51ons. It appears from the

: subprobLem curves that the errorless subjectS/—pesszsted-

. . -

" the solutlon based uon orlglnalilearnlng for qgste a uhlle

|

before it was dlsrupted. The nev‘ relevant dlmen51on vould

'"Tthen vaulre 4control over respondlng at a. later stage than

o

e . . ”

‘;':infthe‘oase of@the NF sﬁbjects vhovlseemed to be; able{ to
\ .,: . . N © S . ) .

.. extinguish’: their 1nappropr1ate Shlft responses mnch ea51er-

and earlieér... . :

AR S ,..'_ ‘1» T s
Interesthg‘ coﬁparisens 3can*rbe made }’betieen' the
A\ ) \ - " .

, R o
f1nd1ng5;.of;.the present' Study and those reported in the

S : , . ,
;:discrlglnati?n_ Shlft 11terature.~,These comparlsons 4 may

: errorless 1earn1ng obtained here. .

- R e

'.squest‘ reasons accountlng for, the transter effects of -

"fhe 3presept -findings._aref guite ~S§hilar-g€o _those‘“‘

RS

. “

‘:of'progedures deS1gned to . augnent the subject's receptlon of

A

M ‘
the stlmull 1n\a varlety of. ways. Both of the studlesr c1ted

earller (Humbauer and Odon, 1967; Caron, 1969) revealed that
Ny - L &

verballzlng “ or sen51tx21ng ;‘tﬁ_,:th?, nonpreferred ,ptf-

' nondomlnant d)men51ons proddced facxlltated reversals. Tlghe

~\3btéi3ea _in the sthdjiof{relatiVe?ﬁfﬁk'speeds“as'a>fﬁnctionfi

(1965) pretralned her flve— and 51x-yeat~old _chlldren byo5.

-~

-

"1 .

.
N

a



”lhe—relevant stlmulus dlmenslon. she found that chlldren thus}

B [N . i ". .
> T4

. “ s . : .‘, . - e ' Lae oy
L] - i3 . N . R . . i
Ps :

oy

'tralnxng stxmqu, thereby lsolatlng for her subjects the to-refj

,.,,,.

jnequlrlng them tq“ rgnder sane~dlfferent judgments on the‘,x,s'

"gsstralned 1atgn~executed a reversal shift more rapnﬂly t%anﬁﬁ':

'procedure used 1n the present eXperlments may have spmxlarly!

-

"approprlate stlmulus icues Eor ‘the subjecﬂs,{resultgng lnc'

the present' nesultS'fjpeprr’ close resemblance 3f theﬂf"

Qdemonstrated that _ovaélearnlug the orlglnal dlscr1m1natlog'7

.-

tbOSe uhd vere g1ven relevant pretraxnlng Ld" vho*ggif

_ preSented "°u1th .EnonrQVersal shlft.a‘Thus,_sthe' fadinqi’:

- , : ‘. 4

bserved the( funct;on’:of 1ncrea51ng s“ 54h1ence ‘of the”:"

v. . ) Y \

T_faster reversals than nonreversals.-'_'; D ﬁ‘} ~ T

o Qo \‘-A- c 9

o o, . N -

Another phenomenonlln discrlmlnatlon 1earn1ng to thch}

' L A B

i B ‘e

overlearnlng neversal effect (ORE). Numerous studles have-

*.fac111ta%e‘ reversal. In an exhaust1ve rev1ew and 1Lst1ng of

SO A

;the 11terature on *hundﬁ dlscrlmlnatlon—shlft performqnce,fi

,'WOlff (1967) 'found substantlal documentary support for the,'V“

°those‘ not overtralned, also made nore perseveratlve errors”

;dﬁﬁfwin"chlldren. Two~ spec1f1c"results aree» esPecially“
j lnterestlng.. Elmas (1969) has shovn that qyertralned thlrd- ~

'grade chleren, vhlle- 1earn1ng the reversal faster than‘

2

’Flat Shlft. Shepp and Turrlsl' (1969).'obta1ne& datav showlngv;ﬂ

. 1nttadlmen§¥ongl shﬂft% becane eas1er whlle extradlnen51onalfJ”

that ‘ V1th 1ncrea51ng o amounts '“géf];s overtralnlng,gV'i

- b S . o
’shlfts hecane more dlfflcnlt,j resultlng -in-;an 1ncrea51ngw:

,dlfference betveen “the: tvo Shlft coudltlons ulth the anounts ‘s

-

iof 'overtra1n1ng. Both ,Eluas, and shepp and Turrlslsfavour‘

f

ithe 1nterpretat10n of thelr results by attentlon theory.e.f

sl
.'“. . ‘,,.v
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of'overtralnl 9 1f:

¢! The fadlnq method used did not facilitate reversal

A\

”thef~sense;:of vreduC1ng the\ nunberfof trlals to cr1ter1onﬂ‘
’ﬁcompared €b thé conventionﬁl method; except in the case.lofﬁwfs

?;he pnesohool gl NOyeverm there are parallels between;;f@

. [

1 the ORE and theageneral flndangs frou‘this study vhlch eﬂw{

L

1mmedlate1y ’obv1ous and rather compelllng. There were moref”iw

'fperseveratlve errons hfter fadlng. qu*fadlnq revérsal vas '
| huch ﬁaster \than nonreversaf‘ the latter belng also much?ig

.slower than NF NR, so that the dlfference between the 'tuo'f-A

Shlft ‘condltlons was greater for the P groups than for the_

™ e,

yNF groups. In the 'present study,f the«5‘{.shlft followlngv‘”f

fadlng ,hs faster than the R Shlft followlng noniadlng 1nﬁ

B hthe four—year—old glrls."v7fij. f'v',:'f if . ~~,',7’;l"h

IR t L e

. . . .. .
a . . I . a . K

‘ Of the three theorles regardlng dlsgrlmxnatlon 1earn1ng

;1n chlldren, only two attempt to account fdr ORE exp11c1t1y.:;

fThese are the attentlon and dlfferentlatlon theorles,

. TR

a

\\ . " : N
Attentlon theory explalns the ORE 1n the folloulng ay

N

"(Flsheri and Zeaman,f 1973-' Zeaman and HOQ§e, 1963).,It is

‘;assumed that the probablllty ,of _j correct 1nstromenta17

kt;respoﬁse'freaches asynptote ‘much . faster than the probaﬁllltyr

:of the correct observ1ng responSe (attent1on), 'S that -att

"criterlon the forner is’ usually very near asymptote whllej'

4~..

. th 1atter,ils o con51&erab1y t below asynptote. : Hence;*a

]

f_‘1ncrement of th» obserV1ng resgonse and )neglxgible anounts

/

expected ‘to’ produce a zelatlvely larger ;7;

A

of: the' 1ustrunenta1’ nesponse. From these assunptlons, theJU"
: ~ .

Vr“predlctxon 1s for;reversal learnlng after overtrainlng to be7’1

s LR a“\\"
~ : :



4 » .
'‘,‘:}acq,u:.s:n.t:l.on‘j bf‘“the qev -1nstrumenta1 response. For the NR

1:fjce1evaut 'attentional response,f and 51nce thls vas'made_“f

5particﬁ1ar1y strong by overtrainxng. 1npairment of the ‘nhﬁf".

'-.;attentlon to. the relevant dlnen51on, and rmp11c1t rnf\thls'5

' ﬂproduces very strlct attentlonal control.,.

marked by a -uuuber_fof perseveqatlve' errors, followed by

”fsh1ft,vthere should be negat;Ve transfer of the\ previously

'

»

shlft uould be magnifled. wlthout overtralnlng, reversal

“ n . o

‘=1earﬁ1ng should be--characterlzed bY fever perseverat1Ve

;-errors, but by responses to 1rre1evant'dlmJnsions due to thg

.

 weaker and hence more ea511y extlngulshable attentlon to the

.e,. -

3 prevxous: relevant dlmension gjlthef start of Shlft In

»e“essence, then, according to attentlon' theory, Tovertralnlng

.

'fhaSAj!the'l effect of nhlghly accentuatlng the subject's

"5rat1$nale'_,is, the’ 1nference that Tovertralnrngr actually

o N .

leferentlatlon theory (Tlghe and Tlghe,i 1965, 11966f‘”_

”151Mp1y con51ders overtralnlng as one means “of produc1ng very

7estrong c ontrol of-.responses by the lorlglnal relevant

,dlmen51ons. Th1s vould have the‘ effects “in facllltatlng

freversal 51m11ar to prlor pretralnlpg in the dlfferentlatlon

'.of the. stlmulus features.

E

2.

Though the’ Kendlers have not nade use of thelr theory :e

‘5g'”to account for the ORE d1rect1y, it was in fact’ partly due

‘.to the occurrence of the ORE that Kendler and Kendler (1968,,‘

5_’p,220 221) h-nodxfled thelr' verbal hypothesis.. Froa “the

'*;Kendlers' nev VErsion of nedlatlon theory,,one vould derlve

ES

7that. overtralnlng woulﬂ Serve to increase the strength of

S
T ',

. A“-!’. ‘ .. . a EEE . . o : s

e
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‘< - feds . . . o . . S
the representational response . which - in turn vould :exert

'str;cv‘ control, OVer ‘respondlnq; henee reversa& would be
N easierﬁffthan‘ nonreversal N where' jnhé , ovenstrengthened _I’

g »
‘ repreSentatlonalJ response :vould -haue ‘ L be extingulshed
‘.-before appropriate lnstrumentLI responses qould occur." ]

‘To recapltulate: evldence' from -thei”present _research‘
supports‘-the hypothesxs that d1mensional control-can be
developed v1a errorless tralnlng, and further suggests' that ,.
errorlessly . 1nduced dlmens1ona1 control d”is"“rather.b
" restrlctave. There Qarep'certalnv 51n11ar1t1esv betueen the
'.-effects féf; errorless tralnlng and those of other varlables

on dlscrlmlnatron acqulsltlon .‘a‘d' transfe'r. ‘These other

fvar;ables ,have' in common »the functlon-oﬁ_empha5121ng the‘;
'»:releuant’Cue. It‘uould appear tHat errorless traxnlng may be'
categorlzed wlth this‘-type ::ofm‘~ varlables.;pb theoretlcal

e

'analy51s prov1ded a p0551b1e 1nterpretatlon of the present '

- r

g,resultse_The__reaSOnf for,-the- strLét dlnensional controlA'
shaped"ty”errorless tralnxng as represented by the fadlng »_4
‘procedure used 1n this study seeped tO‘Ibe related to the -o;
obv1ous. p0551b111ty that fadlng has enormously emphasxzed -
the relevant dimen51ons, to the exclusxon of other 'emerglng
propertles of the ‘stlnulus artay. The consequence of the
procedure ‘then would be a-narrow as we11 _asﬁnan extremely

strong dlnen51ona1'Eontrol of respondlng, vhlch is also very

. iresistent to"extlnctlon. ;Thus,‘ at shlft,‘ learnlng ' as

~

relatlvely easy 1f the task jwas; soIvable :onu the‘ ‘sSame

d1nens1onal basxs as the orlglnal proble-, but was extremely

»hanpered,;f~solutlon on:a dlfferentndlnens1on vas:requ;redi ,

ERRR



Thusf'far, ‘interpretation" vas offered ‘on the general

'results .from‘ the‘ two experxments rtaken togetherY The
simllarltles between the age-—group resul_t’s glifd enable a*

5.common sat of 1nterpretat10ns.' There  were, hoiever,j'

dlfferences between the twp sets of data,‘as reported in the

pectiwe 'Results sectlons. There was, for 1nstance, a sexq

/d/ﬂlffference 1n tﬂ‘@iumber of trlals to sh1ft. criterlon forﬂ,

_the -younger. ,but- not,;for' the older subjects.

.Tralnlng x Shlft 1nteract10n for the four—qear-o f' ,lC$.v
thh 'the FfNR group taklng much longer to reach crrterlon:
_.Ehan -the 3&F—NR group, ‘whlle pthe ff fenales . reache
h crlternon .sooner than NF—R females (Flgure 3y, There vas no
'such lnteractlon for the nale preSchoolers,_ althoogh “males
"ihoi,haa fa}lng d1d have slower performances on poth shlfts
-thah'the nonfadlng males. It dOes not. seem to be 'ther casej
that dlmen51onal control dld not deve10p in these F boys, as
“.the{vthe' qulck acceleratlon of the R curve and the very 10w‘f
- :mJ.tlal NR U re5ponse rate are W‘.h J,nd’;\.Ca_tors of subproblem o '
'jnonlndependence. itt‘hag he» that, Jfor” soiec reason,ﬂ the'
acontrol ‘yasrrnot,:as sepere ‘and re51stantfto ertinctioh ln‘4
ibpys"es-'iﬁ. §jrls.s Vlsual 1nspection cfb the . NF 'bops'f
subproblea ;curies (rigure 6a) ﬂ1d shov that 1nsp1te of the[‘
| arly aho Steadf relearnlng,' the performance “on the FR

¢

;problems vas rather unstable. From theisubprobleuvcurves‘in’
Plgure 6 and in the 1lght of the prev1ous dlscu551on on the
Aeffect of errorless learnlng on dlmen31ona1 control,,it?h
Vappears that the preschool_ glrls had ga‘ somevhat sloier.

attentlon_' acqu151t10n' ‘uith'7 trad1tiona1 ;t;alnlnggi as

oo f,)p
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-evidenced byha borderline independent 'subproblem proflle,

but that they were much more affected by the fading training‘

‘procedure sO. that their- behavior uas more - rigidly controlled

- by dlmen81ona1 respoudlng than boys. In contrast the four-

.abrupt deterxoration of NR performance at Palr‘trlal ‘6 in

-year-old boys seened to be less riqidly controlled although-

“ithe_ llngerinq effects ,of fadlng can allo be seen . in the-

o

«

'~F1qure 6a. It must be added here that although there were'go

»

Sex dlfferenCes 1n terns of the trlals to crlterlon for the

eightfyear.olds, Figure 10 did - 1nd1cate a more‘ strlklng;
. : .

'vfadihg effect_;fOrd the older girls. Thus, it appears that,

for some ‘as yet unknovn reason;' females  were ,more

_suSceotible"to\ the: fadlng procedure than males. These sex

é'

dlfferences were qulte unexpected.. There iS‘,no a"-prlorl

rtheoretlcal 'ratlonale ?orf exp1a1ninq' these differences. -

"Further 1nvestlgat10ns along' thls ‘line 'shOuldvﬂtake this

con51derat10n into, account for clarlflcatlon.J

‘klthough the somevhat peculiar sex dlfferences need to

'be 1nvestlgated further, there lS suff;clent con51stency “in

‘ couc u

- the*fjpresent Aresults' to ' perait 1at; least htehtatlve'

sions. There sSeenmns to be»llttle doubt that errorless”

f‘ﬂ S

,tralnlng has its” merlts.‘ ThlS has been recognlzed 1n ‘the

V11terature rev1ew and further substantlated by the *present

study. The mer1ts lle. hovever, nalnly on: acqulsltlon, i. e., -

'1n teach&ng the subject the correct solutlon to a partlcularg

_problem and “in helplng the 1nd1V1dua1 to overcome certaln

L e

‘1earning dlfflcultles. whlle the benefxtS' of érrorless~

trainihg,7have,”beehi demonstrated, 1ts transfer effects, ‘as



' | : LY . ‘
shown by- the present study, are questionable.'lt seems that
N

rhe. advanéages of errorless'acquisition are outweighed by

~ the disad;anﬁages‘ﬁurinq transfer.'The'conceptqu nediation-'
;acqhired' byf\the‘ suﬁjects xwith the errorless procedure so
strxctly contnolled instrunental responses‘ that a lengwhyk
.Fperlod “of nonreigforcement vas teqaired to extinghxsh the;

dedlatlonal control. Hence,. the behav1or of the errorlessly

trained ' subjects appeared to be rlgid a 1nflexib1e; The

rerrorless procedure does not seem to promote "generaliied
sklll of orlentlng tquﬁhp approprlate stlmulu ‘propérties
,éccordlng to changlng énvaronmenz\ii demands.' The\ present

results, if substantlated cquld therefore_ imply that

blnsplte of the 1n1t1a1 beneflts of errorless learnlng:: it'
may not be'-advantageogs for the 1earner to do so because/ﬁ

such traihing' is . not , conducive to. the .developuent of
o : s ‘ ' o
adaptive behavxot _in . new ‘situations."'Terrace's (19633y

.COntentign that non—errorless. dlscrlmlnatlon acqulsltlon

would iead frb-pernanentlY‘fanlty_dlscr;minat;on‘is perhaps (

. too strong an assertion. . :
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'be recognized. o R "t

e " . . . “ .. ~ . . " .
Conéhpd}ng‘aenarks. SR

. :‘. RS | ~‘ﬂw U “aw‘ ‘ ‘I

' The pr ent research; represents- only one effort' to .

.

. ' ‘ N

t‘study" the weffectsw,of ertorless learninqvby noans of one;

o " .
WIS
e

[N

\ @ .

the fading procedure ‘as. a leans of dstablishidg errorlessﬁ

-y

1enrning.'The fadlng nethod vas usad.in this. study bquuse‘
it closely 'resenbles that employed by. Terragﬁr and others.f

u'But conce1vab1y errorless learning could “be achieved byl"

procedure and one.: panadign, and as such its linitations uuat»'

- The first linitatiOn”to—be'coﬁsidered has to do. vithsf,

other neans thpn fadinq 1n the negative stznulns. One couId,, o

-

for 1nstance,’enqineer the apparmtus such that s— responding |

Y

is. rendered 1nposs1b1e, vhlle at the sane t;ne present s--at'd

Cits full vilues. w1th this arran ent, errorless learning

-

r;uay be ach1eved presunably vithout accentnatlng any of the

stlnulus ,featuresf partlcularly. It vould be 1nteresting to,f"

f1nd out hov subjects would behaVe under these CondltlQnSf.

'.and hence to test the generallty of the effects of ert?rless-'u

. . ..
- . »

learnlng.

-~
-

~Another; linitation is‘reiuted to the'pafedidn; The use

,of the R/NR paradign has_both advantages and dISadvantageS<

'-pThe; naln advantags_is that thls paradlgn ;s a well—studied‘

nethodology thhin the area of dlscrlnlnatlon Iearnxngg in

children.} “as noted in the Introduct1on, thereb_isV an -

' abundance of theoretical backgronnd relatlng tQJR/RR shlftsi

ThusL\ sgecific predictlons -could be nade-» ﬁd, results

>7.obta1ned are readily interpretable. The paradign aiso seeled

s R ) .r

t ~-
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to havc an addcd advantuqn in thc fotw a! lubproblcn

.

analyati, vhich ptonised to proviac anditlonpl 1n£o:;nttou -,
adout. thn lnarning ptoc.l’.« Pat the' I/ﬂn pu:ndiga is not 4“(}
| ‘tobuhd‘. o j L . o

.. Thc nain drqwback.éf the B/ik lﬁlf.vpltaﬂiQIﬂiv
the fact that identicaldbtim_z; are uscd in thc ttaininq as
vell as shift tasxs*muss.' 1953; Einas, 19657 Slanocka,

’ 1968.,wolff. 19675. This brinqs rtnto play the potcntial' -
‘ ccgfoundinq .effects of. partiti reinforcelcnt. There i OS
_reinfaﬁfenent of responhes to the previonsly co:tect stiluli
4Tn'€he R shift, but apprqi%nately - 50% teinfotcelent of .
-¢e5pon5eéjto the previons&y correct stinuli in thq uR shift.
JThls fcrtuitbus‘ internittent reinforcbnent during the NR
 shift lay have tendered the relearnﬂhg of the NR shift lore
rdlfficult than the R ‘shift whete\ﬁthate is;;consistqnt

e
-~

‘honrexnforce\ent of previousiy correct tesponses; Thns, thi
state of affairs lay cloud t effects of the’ theoreticai
;varlables affecting the relathe R/NR speeds.“¢

- In defence of thls -ethodologxcal crlticisu, tvwo points

gcﬁ be consxdered. 0Thé flrst is that the assu-ptlon o ///

-'-paftiAI relnforcelent durznq NR holds only for, suhjects »vhq'
ha;e" 1earned ‘the two sti.nlus ]airs in the ‘éiiginal :' 0

- d1scrxlination as one problen, ‘in which case 1t is true that
partlal reinforcelent of the acquined d;lensional tespondxng-"

—

occurs with on}(\;ne palr of sti-uli during nR. ﬂoueve
1

the snbject ' s the orig1na1 Stilulus pairs asftvo

“sepatate proble-s, then the sitnation-inring NR vould,not be

S _; ‘f S . ‘«_c tji



tho bai&p hyp¢thcl1t*xoqu |
!uaction of Cil'ﬂliﬁﬁll:?‘

0 of tbo potnntiul vcnkno-s tititoa to tho p&:&t&cl ttﬂdlfh'
whlch is conltant zot Ill Qthtngh gto{kﬂi one, ltill Mas to
acconnt tor tpc 61££¢ton;1a1 ot!dctl due *to. thc tr.ntlonts.

-~ e

It is justifiod. hovoytt; "to viewiggatcrﬁretations and

cpuclusions drawn troi( this.  study 'as  tentative .and as
€ L R R o
.vptovfﬁi;?sa:?as for further imvestigation. . e e
g ‘In  the light ‘bf ~this 'ed:ls(:l;s"“sion, | the "folloking .

suq?estions_ nte ofrered ‘for futuro repoatcﬁ. One coyla lake °

"ause of what has been:describod as the "“total. change dtsiqn"

(slan a, 1968).« This involves the- conpatisoas betveen an
\igétadinensipnal ald exttadilensional shift. In: this )
'.dgsign. totnlly ‘nev cue values appeat on the shift problei‘ -

~while th& sale dilensions ‘as in the original disctilinationJ_

f;;ﬁ'are retained. Por instance.‘ reﬁprriug to !igdte 1 aqain, .

%a

instegd_of_the otiqingl coLots red and gteen.o and the

riangie aind square, oothet vnlues on the
0 .

@ch as yellov and blue, and ‘an theo fotg ’

— s | ’

7 1£c1e aud crass_'ay be nsed fqor the .

.- . otiginal foras 4

'cbiot dfnénsiqﬁiA

~ aimeasion, ;buqh’,as
‘shift phase. 'This"ngiqn vould elininate the potential'fc
jiuterfetences dﬁe to partiel tefhforcblent.‘while at the‘L
' sane ti-e uonld allov the gssessnent of silllar hypot%eses

| &s proposed in this stndy.

L ¢ 0 . : B c - °
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’BeceuSe' the present+resu1ts related errorless learnlng

.to d1mens1ona1 control, a more dlrect measure of dlmen51ona1
S - 3 \ -

'respondlng_may be rcalled for. ThlS- p0551b111ty may' be
. L ,
tafforded /py the 1nsert10n er "probe" trlals durlng the

course of errorless learnlng.,The probe trlals would con51st”

a

. of nonfaded st1mu11 with the same relevant dlmen51on as the-x

“,

;maxn—task ‘stlmull but wlth dlfferent 1frelevant dlmenslons. D
Con51stent respondlng to the member;*of th' probe, st1mu11

whlch. are on the‘3same relevant d men51on as the orlglnal
, RN

lstrmull would be ev;dence for dlmen51onal contrd&.. j'l 5"1

| gneffinal_pOint,dthouphv not'“centrel \to ‘the. present
htheSis,’"nayv'be noted;“ ihl}r.refers to t& performance of &
pvcontrol sub]ects ln Experiment I \It Was found thatﬁ-ther-NF/
'preschoolers d1d not- complete the NR shift faster than the’R‘“

'shlft. In fact, the-_ev1dence- vas for a faster R than NR ot
’.1earn1ng." Thls partlcular.‘findlng : ' 1ncon51stent vlth

.

f,developmental hypotheses whlch spec1fy a relatlve R/NR speed :
"ontogeny., s noted earller, Kendler 'and Kendler (1968
p1970), and. Tlghe and Tlghe (1969,¢1970) are proponents ofb

‘suchﬂa theory. Whlle it ﬁas ‘not the purpose of thls study to

R
)

test ‘this';espect -of these theorles, 1t 1s 1nterest1ng to

’)

~note. that the present flndlng 1s dme of a grovlng number ‘of
studges, 1ndependent of those done by the Kendlers and the B

-Tlghes themselves, vhlch report €1ther no R/NRA dlfferentlal

R

or - actually a super1or R 1n preschool chlldren (e g. Caron, o

3

1969, 1970; Cole, 1973; mcMersgm,J%s-‘ Wolff, 1967) .° 'this |

problem is g% issue by 1tself and /s beyond the scope of the'

) - ~
preSent gstudy_ Nevertheless, SLnCe the procedure employed \

<
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.for the‘4control subjects in' thls study -is dlrectly"

. a

comparable to those used 1n mlscrlmlnatlon Shlft experlments

descrlbed linl the llterature, it may be regarded as- another >
;0359 where the predlcted ‘age-related phenomenon‘ d1d _not,*
S0 S
occur.. One should further note that the fallure to obtaln NR

superlorlty wlth preschooltuchlldren does not necessarlly ,:

1nvolve a fundamenhal dlsagreement wlth the basxc tenets ‘ij
these theorles whlch may '51mp1y have underestlmated the fA

: " S
_capac1ty of younger chlldren vt 1earn on a dlmenSLonalb‘

ba51s.”_lst far as thls study is concerned the objectlve of'

'.1nc1ud1ng conventlonally tralned subjects was to provide ‘"

. control group to vhlch the ‘errorless\ groups could be'f
S ,‘ , yard . .

compared It appears that thls purpose has been served in.
, o

thlS study as 1nterpretable dlfferences were found betweﬁn |

the control and the errorless groups : ,1V.: o 7

L f,<_ ':bgt'~. PRI : S e "/-,.pf;
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\Number of Preschool Spontaneous shifters a
' \a Eunctlon of Preshift Trainxng ﬂethods.

Spontanebnsp‘

”73~3hiftinq~ﬁ*

Table 16

: Pteshxft Tralning

- h e o’
] . g .

Fading - Nonfadlnq

Sf

j | 15 | 15 ) 29.

Total = 8 e 32 en
',' ° - q y “".’ “"\A" ” | « ,‘

» " N

Table 17 o v

}Nnmber of PreSchool Spontaneous Shlfters as L
‘a Functlon of Orlglnal Relevant Dlmen51ons.w.{'

LEPEES

15

Orlglnal D1mens;on-

e e e e S e e _———-----—

\.Spoht

;ﬂ-ous e o

© . Shiftj

=

T,xota1=

L 32 32
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Table 18

Number of Preschool Spontaneous Shlfters as

a Function' of Preshift Training Methods
- and Relevant Dimensions.

. Fading T Nonfadlng
Fprm Color - FPorm 1; Color
" .Spontaneous . Yes . 9 . 8 L R S
‘Shifting. . No . 7 . 8 5. g "

Total 16 16 ~° 16 .16
L R Wy - Ct ey, e e e o e s e e o i e s e

& E ‘
@ (f\\m%



Sumnary of the Analysis of Varlance on the Proportions
. Correct of the R versus NR-C Subﬁ?bh}ems - v
for Preschool Subjects.v .

<ource =

Téb1e119'

©

% p < .01

o ss - ag s F
‘Training“(fy “d@dosssf’ 1 "QZOOGSG" 0'0316
Suoproblem.(Pf““ 7.5657 1 7.5657 37, 0677xx-
vSe; @ ﬁ-‘_o;§o9oj_; 1, ,'(').‘6_(.)\906_'. 26 9auo‘ .
T xP | 039;0747' RN -0.0747 . 0. 3660
T»}"ij - ‘Ojfo.o1e9 1. 0.0189 - - 0. 0924 ..
PAx -  0.1892 1 0.1892 ‘o.g2§9
T x P x X ;No;357n_ IS TR ’fo,357u~ﬁ 1,55i0 -
Subj.. w/cell 11,6299 ‘55 1'6;2041f'f°'?__- )
Total - 20.2513 . 63 PR
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ST e .~ Table 20 o o
o ‘ ‘., . . » . ) Ny . . 'w i ‘nd\. ) ) .
summary of the Analysis of variaice on the Proportions
‘correct of the R versus NR-U Ssubproblems -
: for Preschool Subjects. - o

Training (f) - ¢ 0.0070.  1°  0.0070  0.%bu00 .
subproblem (p) -~ 1-9239 1 1.9239 . 11.053ax

Cersex (X)L ° . 0.0097 1 . 0.0097 - 0.0557 -
Tx P 01913 L% 1 0.1913 . 1.0990

. <

Txx o » 00382 1 - 0.0342  0.1967
| P x X . Q;Q61o 1 ,'»o;osjdu .fo.3503'
exPxx  0.3026 1 03026 1.7387
7s§b11'§/ce11 Ly 9.74700 _'56,; Coo.rter. - -

e ————— — — — T - - —— - - -

 Total = . 1272767 63

i e — s o I
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. / Table 21 . o ,

. ) ‘¢ : ‘ . - *
o Summary %the Analys:Ls of Variance on the. Propor’;ions
© ' Correct of the NR-C versus NR-U Subproblems

s o T for Preschool Subjects.v .

Source . % . a _ss jr ag .S R
e o . o s e

.Tnalning (T) o -o 1273 71 70.1273 . 0.4553
©sex (X)- --‘ 7 0.z886 1. o0.2846 . 1.0181

e x x1kf*_“ © 0 0.1708 1 7 0.1704  0.6094
Subj. w/groups . 7.8280° 28 . 0.2796 . = '

' .
! -

‘Subproblems (P) - 1.8593 . 1. ' '1.8593°  5.3200«

-/

CTxe 0 0.0269 0.0269  0.0769

X x P . . 0.4650 - -1 " 0.u650 - 1.3305
. i . N / co N .V -9_,” o .-
TX X.x P 0.0023 = 1 - 0.0023 - 0.0066"

P ox Subj. w/groups 9. 7855'"7.; 28 0.3895 < -

Total ,>'., ‘> 20 5493 ;: /.63 B 1,_ T B

4‘:-._,.3 < - 05 .
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' Table 22
”Avetage Subproblen Correct, oportions,
Preschool Subjects. ,w.
o ‘ ~Pading e : Nonfading S
sex - R BR=U NR-C__. - R _ NB=U NR-C
 Nale 80.59  63.75 . 60.00.  84.00 65‘71‘. 55. 60
‘Female . 8U4.17 61.25 = 41.25 70.96 . 66.43 45,89

. o o i — u.--.--—--——---u_——-q—dqbq-—-b¢-q-w - ‘-‘-_‘—‘-—-’W--*q‘- -

’?co-bzned 82 38 62.50  50.63 . 77.47, $6.07 .50.75

-
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" Table a3 ,'. , ‘ N

, o ‘e ‘

« Summary of the Analysis of Varignce on ﬁresﬁift Trinls to -
Critgrion !or Second—qtade Subjects, T:ansfbrmed Data.

‘ source - -1 . ag- "f T X ,
B e S S
“Training (T) .- 2.62us A 2.6245 0.3867
- shift }sy; - 2. s1sa A 258939 QL u1EE
Dimension ',,(n), : ‘29 7565 T 2. ‘7565“ ’lu.seast .o
. osex (X) .° 01781, 10.1761 1. u992
L TXxS . : 1.2769 -5 _';1.2769¢‘ o. 1881
TxD . . . .  38.1620, . R 38,1630 5.625%“
s'x D . 24,6624 a1 24,6024 3.62u6: 1
Tx X D 8.0229 . - 1 .8.0229 1.1820,_6
sx X, . 0.7838 \;,q' Qo.jézb'f'fp.i1éu,
DxX . ,J\' 7.8827 1 773&%%1_"'1;1615
T x §'x D . ;16.1'_7_97 - 1 - 16.1797 . 2.‘353,:'1 I
“ox s x x ?0.0515.0 o1 ;."o;o§15 - 0.0046 ~
T x D xX . . u;a7i713"” 1 .Udfuvzila,'o:65§9
s x b»;'x-_‘ ' 3.5430 1 35830 0.5220.
T xS x px X | 5.0006 s ouab—*"o 7“26,,‘
_ Sub3. w}ce{i f{f' 325.6662 5  48 . 6. 7876 - =
Total + - ,,'ue1 1750 | j' éj;- f—,'?:‘“ -"n‘ e
, . ..’: K 4 . c-' o - . ’ 5
s - e C , K .
: b
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' Table 24

Sumpary of the Analysis bfﬁvariaﬁce‘on.Shifijrials to
.Criterion for Seconﬁfg;ade'Snbjects, Transformed Datag
Sourc /ut N ' ©SS .. ag .. Ms . F v

o ah e e i o oy P R o i i e w2 A O . N R b i e i s . e . i s i e

Training o - &d.ros1 o 117"§uo.ﬁo§1'v v3.7eojm_,‘
. Shift (S) T wui.i7es v w1743 4158160
- biménéio.q ‘(D)' N j ;*9.‘“7649 E o o '9‘.'76@‘9_  ~ 0.“9,20@ |
CSex (0 o e.2203 . 1 6.2203  0.5863
o s‘ ,"," .*u‘, 67;i@76.> : R "67,7u76 | '6,3653£, '
T R f  ‘*‘.5,9;16§9;' S B 9.1639  0.8637 -
sxo . 1.38&5 "ﬂ-f,1 _3"-i;§8A8v‘7 0.1305 .
Cex X o.1382 a1 © 0.1392 0.0131
Csxx 0.0983 ¢+ -1 - 0.0983  0.0093

12.9487 1 12.9487 . 1.2200

=
s
>

°

2.8957 .. 1 2.8957  0.2729

. °3.6079 1 3.6079 - 0.3401

o]
(w
L]

0.3166 - 1. " 0.3166 10.0298

ERE T
. »”.
RS

. ]
> ~ 4 o]

. Te.e7ed 1 e.g784 | 0.6u83
D x X . 2.6986 1 2.6946 0.2540°

Subj. w/cell - . 509.2725 48 10.6098 -
- ————— et s -
Toﬁal,‘ , .. 11is.u4158 63 : ; RN
” | . xp<.05 o T -
= Y %% p <. .01 s : o
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Table. 25 - :
. K . L. . . 0'
Hean Trlals (rav scores) to - Shlft Crlterlon of
»Second—graders as a Funqtlon of Preshlft _
. ﬂ,Tralﬁlng and Shlft Condltlons. ' 7
. Shlfts L
Au‘ s . Révgrsalx; Nonreversal:' _Cdmﬁinedf
T - Fading - 19,64 ‘,_55;53;,-7'" 4253
" Preshift S B e , T
:Training;,'° o B AR o SR .-
L Nonfadlng 21.75 4231 32.03
Comblned “h;'fv‘_-‘ ‘ 20 59 ' 53597
=TT T T "I
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‘7J_Table 26  \>'

. A . ,D: . . .
Summary of the Analysxs ‘of - Varlance on’, Shlft Errors to
Ctlterlon fqr Second—graders, Transformed Data. '
e 8

?SQGrce | "1“z-f'”f ss ,;»‘“df}ff‘*,_ Ms o F

:?&E&ining )  7¢f?.“22 7886"f<'" ic'YV‘227%é§é”jl 3;6‘“2ﬁ"
Y shife (s) '}f"” 190. osou ';f"J;J;'tD109 960“ £30:1426%x
7 91mens1on (D":;." 6o 8709 i ‘f2;1”:,1' 6.8709 . 1. 08975?;
Csecm u~197u~"\~~f17r'f7:4-197u -~ 0.6657
Cmxs. 8989 S 1 sie98y 15699

£ e ao1u.# v z.018 -+ 0.um3

- - “0,217“‘f.  AV1 ;.'{V°;2174 uo.qﬁuS;f
5;§’ ‘_.  ? ;;0,§533;];v_; 1f;]” do 8533 :'gdﬁj3537

7]
ERE
o T - - A

oswx o 12804 “fl:1f' 1. 208" 7”}df19671"
prdx x0T 7;7353"'7'f’1ff“°f'7 7353 1.2268
STx§ xsp . 5. 1586 1 s 1586 0.8181

59

‘TxsEX T‘;‘" o 7077 1. 7077 };’0;1122'
‘?ﬁ1xﬂi}'fj Rt ¥ 1.1§91_f';jfr1ﬂ),J; 1 1691 o.1esm
Sx DX - 0.9775. 1. 8 9775 0.1s50
'sTu§ bfx'S}x;X‘ ';:;Tio;3§58' R 1 f q,aasah. [of6612_"'
.jSubj.'v/cell ;.f- i302=6586 ”'i’;dé'- ,:{e;335u J‘  /f¥ ,'1

| Total . 55717207 - 63 -

Cm i —— ; : e e e e e e e e o i e o

*“g<gy-«:;j??




Table 27 e B T PO R
nean Errons (raw scores) to Shlft CrlterlongEf”'
Second—graders as: a Function of PreshlftV

S and Shlft COndltlons..

‘y,x‘i; ST f‘ ”.g . L -;”" Shlfts

Reversal Nonreversal 'Y'Combined:

:Eadiﬁ9 .' 2%'j75-597'~f‘~% -19-69’».v._‘ .12 69 -

" Preshift’ | i
Training - T SR F:  “‘L.
SR Nonfading- =~ 4.19. - .13.56 . .. . 8.88 .

‘Combined . .- S dJem T 16l63
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*{ Téble 28'

f{; Suumary ﬂf the Analy51s of Varlance on the Number of
SR Perseverative Errors on the First Changed Shift .

. ".Palr, Second’gtaderS. Transformed Data. .7
 $6ntcé. F*‘_mvﬂ fV   _{sS:ﬂH . €‘¢f jf;}“:.ﬂSvj; :f.ayt

L - - : X KR e - e ———

TRAINING (T) - 10.1610325‘*_”1¢fﬁif1¢;1610f{,;5 désa*ﬂw'

Y N
et ~

L ~ . Toleooo 1 0.0000 5°o 0000? 
Tox D x xiv, ‘ :¢j : Q€317“g j'; _1:)  f'Q-817“fA;70;u35T1ﬁ;

- saby- u/ce11 B [ e K R - - 2 L B

. Total fr.f E 119;3855;”v*r 63 "j376;“ j“g_j IR

el e . S . v i i o . - '.._........._—. —— e b e i ————

T e E < .05,

| ensjdn'(D) ‘ ff z.suauf LT 5fﬁ'255&§u7'{7j 3594' ,:"

' slT D 120391 -'1j3m1"13'1i§039ﬁ'gi“o 5552fffffigif;f
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”ﬁ Table 29

/,‘

: . suﬂnary of the Analysis of Varmance on Shlft Trials to'-~ =

Crlterlon, Excluding Perséverative Errors.oh the

SS

: F;rst Changed Shift: Pair,. Second-graders,;g
2 , Tranformed Data. o . 2

” ﬂSi'

~ Source

ing (T) ff,23 7775?ff5
;*Shlft (S)
t”Dlmen51on (Di_iifiﬁ
J'Sex (X) | T
‘"”T,x‘s-‘;~fi4lﬂf%

T xﬂb

fé7i;X 
fD x K e

{x xvgf%GD;

6399 " jil.n

‘?s‘;“Q ifx  i”
3 ,T x Sfilbg#_i}tju

“?Suhj{ 

I,glf af

i:tj:; L
 478 3u1ai7”;]j’jf
:-3,99513¢‘,5j ,j'
ﬂ 7é’dd31f'T[d:€jg7
6. 759offﬁ’gl §~f 
s 3:8367 ‘{; iﬂf;f_
>w05QOQ“3;;.j¥a1f;~
Ctaamgel
11.1639 f:ﬂj' j'

rrﬂnQ;5576}iﬂ _gfj'»-

Oég$},f yﬁgjff
Cemies g
56312a56‘{; jﬁqgt.'

 §3;ji§$fﬁf
-l78536ié
13,9057
“a. oosoi
7828831
: 16#759°‘T2
aieser
7"076604
R ETIT
11.1639 .
‘ 6/5575
‘ a 6399
o »Ao ooas
15209
’;ﬁéidb3j;
10. 4842

22679

u5 szus**:gi&vj

a3725
0 3820 o
7 “820**55fi;;
15985 - o
‘0. 3660%:1

o000 i
_ooitrar
":iJGGQaJ s

0. 0532?‘“"H
o 82u1¢&f*""
o'oooef:
1. aso7¥f5
o 6391; 7

w/cell . 4

”TOtal 1155-8372

63 .

o A -

A'" % 2 < .01




1f‘!5pontaneous " Yes'x§5 ’“”
»ﬂShlftlng ‘No:.

;;T,»';bf7_*fﬁT'T5¥ a  Table 30

Number of Second—grade 5pontaneous Shlfters as

-wﬂ?b.ﬁ a Punctlon of- Preshift Tralning nethods.‘

Fadu\go

T

= o o —--d———-—g——“-d—-—--——.-—_-'

T:otal “5f:*}j,fvfrV~f 32

'f3f  13”’lfgjuk_wf Preshift Tralnlng

Nonfadlnd

--—hh—-"

e

Total'

';_«a,

o2l

e .

)

oyt

B 4

o o

32

.Gll,. . :

Number of Second-grade Spontaneﬁus Shlfters as
' ‘a Functlon of Preshift Trai
: and Relevant Dlmen51ons.

; ‘_\\y‘ L

Cod

© Fading

T ——— ——

e

fffﬂ‘,ﬂ-f'rf}'"f Form ' Color..

Table 31 ?'ff“

Nonfadlng

lj Form

ing Hethods;?

—— v e -———-—---—————--—- N

_color

e s

 Total

Spontaneous " Yes®

Q 10 11
Shlftlng - No - 6 e

Stz
.”iﬂi

—

w6
18’

R .Totalifj'f o f 'f;ffxi6tLj  ;16 /f- ﬁ;16 “ 3.i6 1.ﬁ”Ji5q“
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Table

32

summagy of the Analysxs of Varlance -on the Proportlons‘f'

'Correct of the R versus NR-C Subproblems .
o for Secondqgrade Subjects.‘ =

 s§ L,7"

Cmraining (M o

 subproblem (e) o

ﬁ“éeg,(kyifv

m:   f‘ng
L PXX

CTxrxx

" Total

4

?.iSuhj. w/cell

8.z887
'18261dn“;1
o 1633;;a>
_',,o ooos,:‘ ;
'7£p-0039:'f*”
"N;o 18121_ﬂf
9. 3a60[f 77

: :0

S

=
.153357

0.

" o:

o

1220
8. 2887‘

010“

0005 " -
0039
1812

jﬁﬁg .

0.7312

ﬂ9 6651**
;0.9523:' o
3°+975§. e
:ﬁ'bdﬁiff o

S 0.0233
.f1 0858  et

}18.1160 :“

@ . .
—— i



Summary of the Anal
- : Correct of-the R ¥
- Y : for Sec0nd-gra

Source:

- -

- —

':Tralnlng_(T)
‘;Subprgblem (Py~:

e

ISéxe(X)
T x

P
e
x
P

. Tﬁble 35~

<)

ysxs of Variance ‘on the Proportlons_h
ersus NR-U Subproblems PR

de Subjects. T

3 at . . ms ., F-

[

e e e st i e e S e o i o e e e s i i A S ot e o e o e 2

 2:1357

|

" 0.0057
- 0057

. 0.0973

A. 9-9661 . ¢

= .

0.0008

* 0.0079

10.1862:

' 40.7292

1 0.0661 -

Cq o 2.13577 111069k

0.0057 0.0297

A 0.0973'1}.0‘5078"

1. 0.0008 0.0 0043 -

1.0 070079 - 0- oui2

17 0. 1862”4 0.9721
. P . ) 1 (‘ - B
56 . . 0.1916 . T

o i e o e -_a_—’_-_—a.___.—_-- ——

Total = 13.2289 63
3 0 ? .

0.3451 ¢
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R Table 3a ‘

Summary s fhe Ana1y51s of . Varlance on the, Propottions — )
Correct of the.NR-C. versus NR-U Subproblems S ' :
~for. Second-graae SUbjects. : A

SOurce P ' fn"ss”' R af _v,},'ﬁsv;,A~ P

fTralnlng (m . ®.e3iz 1 0.4373  1.0837.
Sex o ~ 0:0002 1. 0.0002 0.0004
TxX o 0.2066 1 0.2064. . 0.5115

~ ?Spbj-,w/grqpps_ '-‘11{2580 :_~ - 28. ;  '0.“035¢.’  C .

- Subproblems ®) 115‘2;0°9T f “;fi;-'j‘ 2. 0097'1g16L772d**V«7“
-“l T x P  ‘.1;.'.1 5'0085' ‘f-'ii'uf - 0. 0085 ' 'dLo71d  ./6‘ 
X x P _ '.  :"  _.0;0007'f'[A: 1 - _0.0007}  '6;0058 v

T x x_xdp'f T  b{onij1‘_ :'1, , '0.0061 {<‘0,0003l

P 'x Subj. w/groups  3.3589 . 28 0.1198 -

' e OISR e ———— T ————
"~ Total - e 17.3158 63

S p<.0t D

’
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L Tablew35‘
Average Subproblem Correct Ptoportlons,
Second-grade Subjects. ' .

R .< Badlng (N SR 'b"Noﬁfading-:‘ |
~;;;fi~---—f-i R NR:u.  NR-C TR . —n§1n‘-:,§§32'
EZIZ’f"'ff"‘as;va-f 61.25 AST;S‘f—-_;o 63 - 70.u8 ff%EfSEi SRR
Female =~ 78.98  66. 11.\vua 48 83.59 67.08. 52.09 ! . .

v E;T..SI;;EZ"‘T*EZSZ"'Z;a 68 “as.azu T82.11 'ZZ_?E'""EIZEP\{.,
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Figures
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(Trjanglés‘bositive)'

(Squa?9§ posifive)_-

Coaw -

e

) Figure 1. An examp]e of the reversal and nonreversal shifts.

NR-U ~- the nonreversal, unchanged pair; .
7 NR=C =~ the'nonrgversal, qhanged pair.
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