
-^eo

THE RSLAJIVE DIFFICULTY OF LISCHAITICAILY

EC.Uiy-AlEUT TASKS

A Study in Hiunan and Animal Learning

Donald Snygg

r'y'^~l

7^ iq:\S

:->,

^ism cU^-

A thesis submitted in conformity
with the requirements for the
degree of Doctor of Philosophy
in the University of Toronto.

May, 1935





univkkshy of Toronto
SCHOOL OK GRVnUATE STUDIES

PROOBAMME OF THE FINAL ORAL EXAMINATION
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY

of

DONALD SNYGG

li.A. (Xebraska State Teachers College) 19.M

M.A. (State University of Iowa) 1931

WEDNESDAY, MAY 29th, 1935, AT 10 A.M.

IN THE SENATE CHAMBER

CX).VI.\riTI KE 1\ rHAK(.;E

Profcs.^or J. E. Sh.aw. Chairman



BIOGRAPHICAL

1904 —Bom, Magnet, Nebraska.

192-) —B.A., Nebraska. State Teachers' College.

1924-25—Science Instiuctor, High School, Randolph, Nebraska.

1925-30—Principal, High School, Randolph, Nebraska.

1930-33—Superintendent, Public Schools, Verdigre, Nebraska.

1926 —Summer—Columbia University, Teachers' College.

1929-32—Summers—State University of Iowa,

1931 — M..'\., State University of Iowa.

1933-35—School of Gruluate Studies, University of Toronto.

1934-35—Class Assistant. Departinenl of Psychology. University of Toronto.



THKSIS

( Summary)

The Relative Uijjkulty of Mechanically Equivalent Tasks: A study in human
and aititiial leiiininti.

Tlieories of learning in general fall into one of two quite dissimilar

groups; objective theories, which ignore any relationship between the learner's

achievement and the way he is experiencing the task, and phenomenological

theories, which tend to attribute all changes in response to changes in the

experiential nature of the task. The failure of the objective theories to take

account of what is introspectively the most important feature of learning may
be due to inadequacies of the usual repetitive method of studying learning.

There is need for experimental work directed towards this feature, if possible,

in a manner that may be applicable with animals as well as human subjects.

The present study describes an attempt to study the effect upon per-

formance of experiential differences between tasks which re(|uire identical or

equivalent motor responses. With motor responses equivalent in kind it is

(wssible to attribute ditTerences in amount of perfonnance or in learning time

to phenomenological ditTerenccs between the tasks, and thus to examine

objectively the experience-activity relationship.

In a series of five preliminary experiments on human subjects it was

found that the time required for performance of a task was dependent upon

the subject's conception of the nature of the task: The more parsimonious

the principle and the more obvious the perceptual differentiation essential for

solving the task, the more complete the performance in terms of the objective

criteria used.

This hypothesis proved adequate for the accurate prediction of the diffi-

culty to white rats of eight different patterns of ten section Warden U mazes.

Those of the mazes tested which were constructed on simple visual or spatial

principles as "correct path always white" or "true pathway always to the

left", which were thus open to performance by a single procedure, were learned

by the animals in from 6 to 10 trials ; in contrast to the iA and 45 trials re-

quired by two groups to learn the "standard" maze of the same length and num-
ber of turns. Another maze, supposedly insoluble by rats, was learned in 41 trials

when a visual cue was placed in the proper section ; and was learned by

another group in 6 trials when the perceptual prominence of the cue was

increased. As in the tests with human subjects, tasks requiring two pro-

cedures for performance were intermediate in difficulty to single and multiple

procedure tasks.

In general, the relative speed of learning two mechanically equivalent

tasks is determined by the experienced simplicity of the procedures required

for performance and the perceptual practicability of these procedures. The

results of the study suggest that the mode of attack used by a learner is

determined by his initial perception of the nature of the problem ; this being

a gross response to a relatively undifferentiated situation. Should this pro-

cedure prove inadequate the task is differentiated perceptually into segments,

each of which may be solved by a simple procedure. The greater the number
of sub-problems into which the task must be differentiated the longer will be

the time required for mastery.
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Iha InYostiiZ-cioa ham roportod «as oonewnau oi '
i ;

* hgr la oo« task or* diffioolt than anothoit' with apac la

on th« pedbDirorioal probl a of difficulty Is lonrniivr. ittOh e naeatien

bulka iBxtso in the tieciil aottiiv; aiooo iha JhoiM J:8tL:ic ion

for irainlBg taa«} dlatin£^ahad froai maatision llM in tha

oMoaytloB that o or ony oo alter f- tnA tlirt the progroaa

of a Btudant tovora oa^ axoiirnrsr atfUKwrti of portoxmi^jiBo ia fioe*lei«t«a«

Thlt abllitgr to cbaBca tha ulfflcalty of the tadc ia Boaaaaarily oontIn-

fant UpoB aof» ynerAdiiro of tho ftctors iftlch "trr rr th^ eggDarwtiyo

dlfflcuii^ ox Guch tasjui« It vaa with iho hqpa uiat ii ze^ avaicmlly

ba poaslblo to formtlata gcaatnl lawa daaorlptlT« of titeaa faotora that

tlMi praacBt InTastlr^tian "r&B banmu

If we ace liuo xatjuirod to rv.-ri'o'Tr ; . .- '.ri^rior.

of ita lUfflculty, It la oWloaa that ooo tadt mj be nera lifflGtat

thsB Another 1>aof:aaa of the aB«ihoBlonl faetora irrolTod. Xt r<rTiirafl

noro tiiSQ to pbux ouo iunurod . urOa than to rtm ntRaty, aora tioo to

mova a piano thaa a olialv. Tho 1uhd& body ia a aaehina of llnitad

onarvor oatput asul tho lixfdta of Itc notor Txirfoirrjusc are -alto fixed*

•a that if the groaa ' .do: l r-rtcs -ro ';'
: ..I . i -.. '..-. f

lyoad, angr two taoka InvcXvinff oroBtnt of aqonl laaaa oror Oqael diet

bgr tho aana offeotor 2 wcnld bo porfortss^ In tho ataDO tliaa.

If, ho\i-uTar, we oiaooTor that atich xaodumioulXy oqalrolaBU taaka do

differ oonaiateatly in tho tljaa raKOlrad for parfonMaoa wo mat oonolaAo

that tho mochsnlcnl fnotora aro not the solo dot .rrsiB-Eta of dlfflctdty.

i ur-.uai:t-jl.' -01 loic-jra, it ia not at ail uifficolt to





thiit viA» and oonaistini iilfftr— 4b «lst b tlwi th*

tljwa of Uolui iliiali at* —fttwIaiilJty •ntdMoXmt >r avaB IdMtiaal*

i^ uA dKtr«n« lMt«DO», the siysA of vrltine 20 ha* liUl *•• o vrlfh

the ipoM vdth liMoh m chUd adds 4, 4« 4, 4, and 4* lIlMfttl ia mqr

wqr qjwngiac ^m Mmur la ^iilalk Um akUd wrltM tk* aMPMT* « analnd

lqpror«Mal la poealUa IT th« tMotuur Iwda th« ohlld f i-aeipii— th«

tudc •• 4 z 5. If tlila mu^o ^^pMn too obTioua l«t ua tako • «»••

iB vIOoli llM antor a«tlvl^ la SMW proadiwMt. II 1* aaelMr to aaoMft

tbo lott«n« drink* Crvn a pajra«angph <tf plod lottora tluui to oeneel

tbu lettera, r d & k 1, froa Um aiP* psfaievaib* AiartiMiliwilly ttio t«»

toakfl oro Idoixtlota imt .i^J>ofa tiMgr <vre jpooo^vImA •• lAaitioBl tkagr

ftro i'«rronaod at toj^ iUffarent mtoa. It thaa aj^tmn tket «ke ffekoton

dotonnlnins ttio olfflculvjr of liiaka Are boUx wrvhiilaal aad •aoaotklsf

othor*: rjui It la plain tluit, IT the *aa^tkli^ otltor* la to be Inreatl-

gated xb LMst be avitulad a»dcr eccditlocs triiero ttui aokaaleaa focters

ore constuat or controlled* 7roa tivie polJt;t uf vlev esr InreetloatioD

InTolTOB tho ajTStocrtie eoa|)erlaoo of Uxo alfileal ly of ta^ike idilah are

nactoMEdeoll/ oiiulv.^.^'^v i& tlie aflnse Mm\ tlx^gr are perfexwad bgr tke weae

groas effootor iwoha&lana nm Inrolve the ommmaA «f <Kiial anas over

eqwl dlataooee*

iloTlns aooox>tod orfomnnoe tlna aa the erltorioa of dlfflcolty*

tke dlffloalty of leamii^ a taak eea ke reoo^lso^ ehjectlvoly kgr tka

l«aeth of t Ian or tke aanker of trlala reciulred te Vriatf: tkat %»* to

tht^ rviulred standard of »)acftniiimo« In other vectiji« If the vtask*

Is the perfonmnoo of ua oyexatian we kaav hov te de« the aasore ot

Ita alfflcalty la the porfoxaDsee tiaai If the *tbBk* la 13ie leamlag





t

of au oporfttlon iho orltai-loD of diffioultgr !• thu tiaa or

nipatlticma x>a'ialrad to remdh on lusaarptnbla atrndnnl rf ">QrfonaBnoo.

la oiUutr oa&e uid eri;.xicia of Ute ^.irricult;/ le uio «laa rvqulrad to

MHcOLoto UiQ toirii*

FroB the st ndpuint of pnycholo leal aethod tho sitnrtlon is thlat

wa ax« XAtwasida ifxist-rilfr in tlio ulz^fiouliy ox xotuniuiti taa so aul

•todjr t^o XeaitiUag pr«o«ss« '.ledltloaiaiy the atody af l«anil«K InTolTaa

tha obatumtion of saoaeaalTO iiarfoxncmooa of tho araa tnak >7 an out aid*

ObauxTor ur by tixe loi-irzuir iUjaaalf • Jiiuor tKose aixaunut'ouios tha daaorSj)^

tl<w of tho proeasB Is txlto^ther dipflnAMit opon tka point of riaw*

UbjaotlToljr* tiii't is «a OKnarl^ioad by tho outsido c'r rr i , the nrobloB

coDfiiixo (fi^ ix u ! II . . :.ctliriilaa oi tha loKrcur ci£-ii^;v}« .auJootiTely«

thait la aa eaqparianeaA by Uie laamer, it is tha t«ak that dUBgao. 'Jbo

obaazTctloD&l aathod as doaoribed is Inodoquoto for tho istyeet t-ation of

uur yxotilaa Dooouao, v:xu.d the tos^iorel critoriot: ji ^xXxxoalij end ita

anhnnloml factors oba bo ubaorreof any other deteirdiifiBts aaimot bo

okoerved bat oiaat bo iiir<^rrad| and tho likelihood is thrt thecsr will bo

roforrod tu pisyaioioiAoiU coumy^oa in the locmor. aa j;)Gr\ioii»tio&

awthod is llkowiaa oiii^iUtubla booaoso otir purpoao voulA oltiJMtaly rac;alre

that factorofi of tho t«A aq>Qri«siOGid only by tho laamcr be c«B[>arad with

foaiurcs oi' uie jhuul Gc^jparl^aioea only uy tin otttaiua ohe jrf>jrt an obTiono

JUqposaibillty*

The problam, than, is that in order to InrastL-^ta the »WM»<Biohr^rtonl

»

oondltiona of ulffioulty ti}.a9e cooditloiia suat b« b««l« 9jftm t9 Obaarvt^tioa

and. iM>dlfl» tl(m by tha aaqpatiMater, that thay aay bo aa obaciTfibla "b^

him as is tha oritoriooEt of stiffleal ty with irixioli ihsr aro to bo

..0 \jo lii^ya clroru-' .::>i]tcja« it la entirely foaaibla to sadco at





l«Mt MMH Of I)IM« •oUi«r* oondltl na ol»»«ffT«ibl« mA •^Mt&v* kr

•XMflae th« iiMfomneos by tlft* som imiYidoixli, ti> If e«iv«rBbl«

CVo^pa, r.f taAa vdlUli mrm i»»<hraiicall7 wiolTnl jcit. UU«r awli oli^

9vmttUmm— u^ dlffer«dM(»« la Ik* jtiifmiiiiM t kMt mj ¥• M^mrrt

ulth 0X9 oth*r iihjMtir* titfw^mtm l>»nw th« tA*«, tslsca th«r« nr«

B« 0PDM asehiiiilaal A\ttormnt, It Is tQ)«n this (rm^^rrl w^thoA, th*

•e^pftrlaon tuc porfoneaM t&Bwa #f MttMado«lly •q«lv«I«Bt toska. that tlM

«qp«rlannt« In this inTf«tl|[<QtioB wora bMad. "-Inea tha aatltad tma not

fully dQT:^lop«d prior to tha azparlar-ntatlon, tat Grav out of tho

«l|^^llolc• of tho aaaMh, tho a&rliar aoq>arlaMita fall Aart of tba

Idanl fonn. in tho fliwtl oatporlaMBt on hmmm aiA^aafa It vaa poaai¥let

by aaXaatlnc salti>blo taaka koA oalnff aaoh aabjoet ea hia o'tai eontrol, to

aqaata tha taaka for inotiT«»ti«Bt Mitax«tl<m, arui ^irarlosa aKparloiaa aa

aaCll ea far aiotor roap«uM*

In lAiortt tha firat aeatlen of tha praaont atady la Hm daacriptlaa

af an effort to noka so aallod 'aubJeotlTo* eondltiona of Alfflcolty

aibaaivobla and objoctlva to tho oKpariaantar* Ikoao aondttlana Bl:^t than

iM ^Tataaictioelly vnrlad, aaid tha raaolts of aaali t»urlf>tia& oaad aa data

for tha foanalAticn oi x^riaaliilaa aiaqoato for pratUction. '^ha aaawiil

aootion la na aocoont of c aarlas of osrpariamita ta ahiah tho prlaetplas

darlvo4 fraai tha rmtk on hmmn avfe^Jaata vrara api)lioa Is iwadiotiae ttia

oo^paratlro iiiairn of txlida raciQiraa by >^to rota far tha naatary oi

variow nse pc«ilaa«*
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In Uto Introdaotlon we have classified the detenaiaBiits of pc

tlmm ast (1) loch nloolt the gross phycical feetoroe of the activity ia

tenos of BBSS txnl dllstance, and (£) 'sonothiag othor** the nnknovTn factor

which wo iateod to invest l{.:ate. Inoa the *aeehnnlccTl * fe%taros Inclodo

swot of tho ohjeotive data disoamlbld hf aa oatslde obserrer* it is

ispossihle for thct obsorrer to procoeu farther olone withoat abandoalag

ohserrotion a»d drowlss Infersnoeo of 'practice*, 'r petition*, or 'synaptio

condootivity* as ootplenatioas of diffsrenoe in perfoxnonoe times. There is,

however, aaothor ohserrer in the Bitaatioa, n^jnely the subject; sad i^ile it

lo laposalble to ooap^re ohaa^,^ in his 6.s.peri3iice of the tasks with chaagao

in thalr perfozxaDood times with aay degreo ol precision, it is possible to

detennine if any {raaorsil relationahlp exists betwesa thasu If snch a

relaticBship does eEsdat, Bocli^nloally ^ojolv^'il^^nt t^^aka ea^orieaood as differoit

v.ill axiproach - vu -cu ^:;erforaBBfie tiate as thjiy casso to be aaqperiosoed at

•quivalunt.

Subjects «orQ as^ed to cive as rarldly as ossible the o;po::ito of

eadk of tea voras ^vr^ieoi uhagr read frois a typewritten list, rhree lists were

osedt A, consist inj^ of V'X>rds itlth a hlg^ pxH>b' bllity of evoking opr^sltes

In R free asaoclatlon tea|) 6, of vorda not so readily associated with their

o;^;posite6{ ana C, of v:K>zils ohich oan be coriuidored to have c^positcs only ia

one sense or relatlon^lp.

V
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?able 1
Opposltos '.eats

Ferfomance Tines in Seconds
Test

Trial A E C C«

1.



f

^e llata it.ire i>r«««Btad in a«B«C»a«B»C ordsr ^ICh the order of word*

«lMM8«d at each pro«6Btatlon. 9w rmaiponm vorls md wfontoamcmB wmmtmXu

mw r«ecurd«4 \j th« •xp«riia.:nter.

The oreraiL.'* tis»s (;f five gradaste stadents in their first tvolTe

trials at orte oittiag are preawted in 7nble !•

7ablo I.

Two sobjeotG vmro allowed to read Hat c hefore toeiing* Their resolti are

Hated In ooIorb c* of the table*

JSaeaUA

The aeaB perfOfwmoe tteae for all lists beoeas e^proKlmtwljr equal

by the tanth trial, «h<ai the arezvee tlxaes ware 8.6« 8*6, 9.2, aikl d.2 seconds*

In both list A, v^sra the *9pposlte* rssponso «as flmmi froia ihb bsgln&lJD£«

and in list C* thetre ms little IsfiroTenent darin;: tho practice period* hils

laqpeetlim of the f^roas time scores shown In L>.ble I shoes Inproyawait with

prectloe, the dot* lied reaa^onses of the subjects do not indloate la^irovaBaiil

ly praotloo. In the ease of the two subjects vjho vwra allowed to find satls-

faotoxy opnosltes for list C before beln^ tested >n It there was little Im-

proTonant with forthor practice. In all oases the tScMi correo lerulleu off

as 80<m as the sabjoet hod foand the opposltea that coa9[>letely satisfied hlB«

The longer perfOXBanoo tljaea in the etirller presentations of B and c were

thas largely doe to c .nscloas seoklnc: for a satisfying: rospos^M. Althoae^

several xfords oridesiliy considered Inadeqaats x^ere {irlren, thoQr ware always

glTon after a dolqy uorinf; which a 'bettsr* opposite had been s««£^t. Zn

spite of the Insiatenoe on speeU in the Instructions and the presence of a

whirring: stop-<«citch on the teble, there were no oases where a sohjeot

lieliberately chose a short v^ord to s&Te tine. The flnnl selections for the

opposite of »rofriGerator» were »0TQn», *furBR00', *etoTo*, »i2icubetor*
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OfTon*. Both of tho as«r« of th« last two r«f«H*A ttuit UMpr

•paolfioolly rojeotod *Bt<nr«* b«o-'ia«o it did not ftlra the oouot ahnd* of

iMHinlwc theff r«qaif«L. *iacabator* wus oaud. In tiie sansa of a laboretory

Inoabotor of baoterlal caltar«s aa oppoasd to the rdfrigwratort vhldl

Inhibits the grovth of adcro^orflwnliM. Qio eocixmaiit of *imnnlag vrtn*

shortenod his ro^ponse to *OTeii* aiter he haa aeao ii clear that *aannlng ovsn*

aa« aBcmt* Another nb^aot who had altamatod Witwoen 'write* and *haar*

for 'oall* soqproasec creat satlsfaotlon ^diaa die hit npati 'beekoa*.

'The looGar pexfoxnanco tlaas la the first praaantatlons of B end C aey

be lai^ly F>ttribttted to this conecloa;^ soek ji£ for a aatlsfyisg raqponaa*

' licai a oonpletolrr satlsfnotoi7 opposite ixrca foond It v&a tharaafter eroked

fluently. al&ilvolj unsatisfactory reapoaaea ware oftsB repeated bat only

after an Effort to flad a nere i^rtlnaat uttrd* The offort would be renevad

nemait^rily en gabsannest presantctlons until the satisfying responae was

fooad*

The only aTldoDae of aaj other type at SB(>roTfl»iaat was the report of a

snbjaot whose tine on list A suddenly dropad from 8*3 to 6.8: "I iiidn*t hacrm

to thiak •^p-caji» ih^i tijx. It viua Jaat 'cj :•'.

3ubJectB vTore cjdcad to nnrae tho oppooltas of uorda of Ttrlous degrc

of ranbi^-uiiy. vU sooa aa npx^ropri; .
= y. oaltua iswre found for all words the

o<aqplaticn tlnsa of the T^^rlooa lists tonded to bacoae aqoal* In spite of

fyaqacnt oaat a rasnoasa inapprvprlata to tha sabjaet's eoaoapt of the stijsBlaa

word waa alwaya bIow oaoaoaa lie first sought a batter, 'he aatisf&otoxy

rosponae waa alvRsys flMBt*

Conclnaloin

In this vqpariskjat Machanioolly aqulvalsBit t^aka initially aKpariaaoad

aa diffar«nt ware narfonaed in the aaaa tlaa aa they baVMaa a>.'uiTalont in
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/.Ithoafii tbo remits of tho first a]q;>arliiaBt Indlaate a ir«latioaahlp

b«twMU the wEiy zae taak ! vqgoriiaBOQd by its orrorxaer '--n^^ tlw tUae

ratialrod for CQiic:>letl(nx, the metlxod osaA vmt quite Inadaqoattt for -nj

precise laTeetlfrftlcn of the ralationship. Sinoe thlo lack of ]>r«eisloB

is due to the Inability of the aperlntcnter lo :.}; r the expari«M« of

the perfoznar eocco^it at socond hand. It v>-cald be aore aetlsfnctory to

present the subject vdth fn task ijghloh oan be eomorl^i^Bned in either of too

qoite different ^TSQrs* botj. ox v-nich are Jaiov3i to iiio cjq^orlr; Jit ; . in the

follovlQff «ipfirlZ9QSit tho tade wes the rtaprocactlon of a series of letter

triads ^Ich could bo Tlomod as nonsuse Byllf-ibl-as or as a familiar poeeu

In order to mciJco group costing possible, the speod oi' j.>ar;-— -co v" a

rated by the naBi3>or of tMads rcprotltuod in unit tt^m, instend of total

perfonxnoe tiao*

i'ort.y- r.T J tils in a senior third (sixth src^ie) class were alloiped to

•tMly a 20 line list of nonsense c^yrllabl^ vjad consonant trieds for t«o

nlnates. They vaare then asked to nrlte in one ralnme the triads they

rsBMHbered* ifllree different lists vrsre used; t.'xe rirn ' .j. lines of eaoh

ronnlagt

III

forMil
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Table n



SM^l

10

Tlhl* II

Triads Bap«rt«d per Trial

Oroiqp A



1}

List I was :^rm ttiTM tliMa In mmomsIob. In the fourth and

fifth trial* list II wo* Mad. lia». «hUa consisting of tbs saas triads

as list I aasdsd only ngrovplnc to spall out the opoatlBs liaas of lon^

fallow**
Y/liAlTtfiift BlUrifiWl*** *^^^ vvlilob the (^ildr«B vara familiur. :ha

sixth aposars was of list III, eixi the savonth Rad al£^th of list ii,

Tha oliildrsB vera told that thay «aro being tastad to saa lAo could loam

the fastost and no ocaBSMSiit was aada an tha rosolts. Gas vaak Iritar, at tba

•as* period, tha socpariacntor ra-«nterad tho roflsi aad atfcad the children to

write oat as wndk of the naterlal as thsy coold rmiiirtiii . r/rttiag tiaa

«ss liiaited tc riTo olniatas* At tha and of that tiias they wire asked to

report in writing any devioa thoy ted asad to assist in roaegribariag tha

lines*

^ttltS

Fiftaan xhj^IIs rosported that thoy had reasH^rad the triads as tha

•paning liaas of the Tillana fflfflfrlfjithi throa wad ixuiividttal anesonio

daviooa^ twenty^three zaoda no report, ^^ha prorloos rcxx>rts of the fiftaan

wko reported raoe^iitian of the posn vara «Ke2niaad md indicctions of

reoo,i&itiQD darix^- the tact ware foond in the r«^prod«ctions of eig^t«

?he other seven Itad foiled to reproduce the s^ylluhio oruer end hai

appaarflotljr leamod the principlo fron elassBates after the orici^al tost.

ATerMfiBS of tho lour sfo^P^ are sirm, in .nblo ii.

?crble II

The foatores at onco cvvident ar«s

1. '2ho close si£dlarity of the rosults of the three anla ^roaps in

the first three trials yOiorm the principle vas saoaraly hiddoB.
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<• rh« rap«rloritjr of th« group which later roportod diaooTariiig

th« po«B ifTmo A) In tho result a for trial 6 xvhcn tho '*for wttn nay

COB..." Tirao \;':.ii i^lToi Ita oiil^ prssantation. :lic inalTldtv^lB dla-

coTerlng thtt prinoiplo proviooaly bov applied It to the a0v poMb

8. The contlUMd stxporlorlty of fToop A ithen list II wia atfBln

preientad in iritils 7 in 3, Indivicaala doriTin^- the prlitcipla for

the first tiae in trli^ 6 rxov applied It to the eorller liat*

4. '"he Bicrked aoperiorlty of f;roap ;. in delayed rect 11. in thla

teat, in vdiich five miimtaa vaa allowed for report insteui of two cdimtos

as : llowod in the practioo series, groiQ> a reported nore triads than on

any prctviooa trial. !!o Indlvldaal in tha three othor groups aoorad as

hlf^ as tho group v r ;,u,

5. The sljnilarity of erroops B and C« aslthar of tdiioh had disoorersi

the •pOQiB principle » darliw? tha practico series,

6. vha sifierlorlty in dvslaysd rooall of group B (v/hich learned tha

principle from classDx tss after the praotioe series) cff9r group C.

7. She inferiorltT of LndlTldoal niieBK>nie aethoda, as used by group i.

It should be noted timt not all of the aii:^t lasabars of groap a had

AsriTed the principle ccUll the 3th trial* Usin^; correct order as a

criterion, tvro indlvldBals had recognised the principle at the 4th, four

at the 6th, fire at tho 7th, cj^x ai ht at the ath. On tho 8th trial caily

four indlTidoals in tho other r 'x s (12^) nada a score euioal to tha

atraraga «f grcv^ A, In tha delayed reeell test none of the other thirty-

thraa iwbsrs of tho class scored as high as the £;roap vvora^^e.

Tha scores ca theaa two trials correlated .ro and .23 respectiTdj

with national Intolligonaa aearas and -.01 < . d -.01 with cJaas standing.
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lorty mm Mai«r ihifd grate chUdtw vtM •*•§ t« loejn lltti of

!• ^tUaUm e«Mitrtt. i«A an a hi4d<aa prliMt.

:

^ ? final aT«mG«

•eot* of Um •hUAMM fiaita? th* prlBoipl* «m m^ ilMit •f tk* AUdirw

Bc% fiadiae lt«

la m suxpriM t«at oa« «Mk lat«r the aiiU.dr«R ika liaA dliacTBrai

th« prJjwipl* rep«H9«i oa aa «farae* 2Sii;S aa aaa^ a/UiMM aa tho oth«r

•hildm ud K/ swra Umhi Ia thAt om last p«a«ti«« tr

flM dalaaraA r—all tear* of tlie ohilAran alM bad laajmod %h» pria^

elple frcia jdajFaataa batva«a praetloa tarloa aaa rooall «aa 96;o af tholr

fiaal praatleo aarloa tcora*

:ha 4alay0d reo&ll scara of eliildr«i not raportlas tka prtaalpla

aaa 6S^ of tho fiael ;pi«otl«a acoro*

ChlUUron dlaoorarlBg: tka Julddan priziciplo vera awrthat saperlor

oa lanaAlQie rooall tJtA aajtitadly M^parlor Ix da&a^ed raooll to ahlldraBi

aaiae ottmr aothoda* thm «i|r la ahloh tlM fcaik vaa axperlMoad aa»>

aidai«ibl7 affootod tlM ukmikI of imkk aaeaeiiliriiad.

All tko ahUdraa alio fand ona lild4aB paaia v-.-jo abl« to <^p]dLjr tha

e«SM>al principla in fiadiae aoothor.





1

In tho last <aqp«rt»B»t the dilldjpfln ibowad an ability to dlwover

•jod turn gonorel priAoiplas. Hcrini; foood that ana ilat of oaaaaBa*

ayllabloa ooixld be reoof9ilflOc< as a fanlllar peeat, thagr awieSit to flaA

hl4A«« p«aae In oth«r liata. xha followiag aag^erlMant «aa dorlaed to

Iznraatieoto the qaeatlOBt DO people tend to uae aaak gaBerel prlsciplea

or prooedarea la aolTlac gVD^p• of slinllar probl6ago| and If 8o» do theao

odea at attack affoct the nerfotnanoe tloo of the aerearal t&ako?

PlTo grednate todaBta wore ladlTldoalljr eidced to find the

three noafeera in ^mab. ef the following aerleat

u



O^iMM



IS

Ta'ule III
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7ihU 111#« 3ttrlM ^robleoa
^ol«tl<B JliMa In sacoadi

Groap I Qroop II

I-



The :<ttjth«A «f fi>ttiliiil «M inf«rt«4 fron th« «riU«i eelealatloo*

vhlth th« oabjMts vtmtA in tholr solatlooa*

tt» fWlMMAM tSSM or th« sobjeots were tmaad. %• 4lTld« theaMlvM

Into tm greopa la acooa <L— vlth Uio nad* of attaok adopted. Tho per-

fomBaee tlBse of tte SadlvldiMl sabjeota A,B,C D* aad S* on each prdbles

cure elvw in Toble III.

Sable III

Alihoo^ all eabjoeti ware siv«B the sane Instractlons, there eat a

shaxp dirrereaee Ub a<»|iletlaii tloea beglimlng with the third probliB.

A« B, end C, reeoffiise* Ihet aarioB aa 1, 2, S, 4,.,. with an InterToniag

oonstaoitt 5» D aai S, IMNITer* found a secondary relatlooiahlp la the

dlffereaeea of the aa««eaaiTo digit s; 4, -S, S, -2, £, -1, 1, -0, and

ooagleiled the series bjr addlas It -It ^^<i 2 to soeure the correct anavars*

llitff a«Ived the problem la 21.85 aad 80.55 as ooqpared tdtli 7.85, S.75,

aad 7«fS far A. £, and C« Baglanlas Mc^i solation by fladlas the differ-

betwean the sBceeesiTo maabera, V aad ? twre saxkedly slower la

tlas ^p te etaa inclotiiing problem VI I « ^lich thc^ solved la

13G.4 ead 4M.2 aeeoads reapectlTely as a^inat aa areraee of 14.8 seeonds

fer A, B. and C. ^ theroaftor adopted the cethod Oaed by f70«9 It sedclnf;

the eoaipoBeat serloa directly in the preeemted naterial, n: a hor tine soorea

fell to the geaerel lerel of groap I.

Up to this point T-ieap t had been aalfondy stiperlor. Its siaplodr

and leaa ooifesdraMM pdPMedKve« hmnvsr* prorad qnlta Inodaqofite for tlia

solution ef problsM Tf» '^tie fastest solation by a mxtoor of ci'oop I vaa

10 Bda. IS aec. i^ile v failed to find, the solutloa in 16 ainutes.
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1> aii 1^ oa the ether head, s^T«d the probJUa «M& little difficalty,

la 4 «Bd 7 mlnate* roq^ectlTVly*

Cma^riBon of two sbbII gn^ « soItIiv? the nne fire1kl«BM hgr

dlffeirent principle* showai

!• Marked tino Mgperlorlty for the grovp oeiag tke anre dire«t

principle nhere thet principle tms adequate for solution. In one eaa«

the pjrobloa «m solved ty this gronp in 6l of the tiine required by the

other groiQ).

2. Equally gr«ttt sQiJoriority in othor prohleen of the groap aaixv

the other prinoixJ.o.

S. There «&• littld oiunHE* in aethods of procodore ariag tkm !•%•

?he peirfoattiBce tixae erf the Te^ioos suhjsots on problan XT waa largelj

deteiBiaed by the prlnoiple of solation i:hoy asod in the third prohlan*

CnnnlMlcaa

1. In this si u'^tion the chief detenoinant of the perfonannee tljw

«M Vie :^;3n3rrxl prlnciplo cnplcgred in the eolation of the prohlone*

2« There was a etronf tendaaoy to presei-re aach^iBged atag principle

^Ub. leads to aolatioa*

3. Chan.^s of principle tiid ocour in easM ilMMhs the old princii>l«

had prOTod i:i&d;jqanta. i'lio written ^oxic inuio^tas that .: altor^x his

node oi attack after the flret nethod had proTed eaaAonoae in the

cevQBth prohlotn. All subjects solving problem X? eventaBlIy solred it

bj using the gro^p II prlnciplo of finding the Intemediate relatiOMbips.

4. rhe resoltB c<.iBfom to those of Husband (1) in hie Inrestieatioo

9t aethods used tgr hawFin sobjaeta in aase nujiing. H« WMOoladed that





le

of the hif^ tPMtiMll^ which has elwyrs oharact«ria«d
le resalta «m found to be uae to tho memj dlfforent nothods

lued In loorn Ing. « . »eh method, ma «qplojed Igr diffor«Kt
loomero has Ito omm BaiaB, uith eaaes cliuter«d about it.**

(ibid. jp.ST-^-ETS).

Ho alao fox d that the nethodt voro carried ovor by tho sabjoota

into new tasks*
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4

In the prorifMM sxporlncok in niaiber tcriea oaqplotlcnoi, thoro

wmre strong InAloatlo&s that IndlvidaHls who hire asod ooe piss of

attack In the solailan of r: proljl:--' v;ill contiaae to i. - . u^.';o

gMMVal Btthod on similar prol>leDS«

Qie followlor eoqpttrlBBt vas eccdaetdd to dotemia* wnUu ibat

oonAltlona aac-^- urinclplos are abimaonovi cr modiried*

8iz gmduata stadants vera askad to find tvwo mt of thre* po£ioll)la

paths throQ^ aaoh of elx ssmhw aazao. /h ; problan vaa to find a

path froJB start to o 1 n ;ich »acii set of three suocasaiYe uijito

op to ^ ;,lvon u'foor. In the aocajqpla ahoon In figure 1 the

»sr la 12. :ii. re /.xo no blind ell^a in tte iHi«a« Kovea ver«

i'i^uro 1

Tortlcal, horizontal, or diagonal. The sabjeots oera wunsed t?vat

thay •wore boiiig timod,

The plan of attack rma inferred from the type of path (^oaea aad the

ooaalstenciy of th^^ order of prefaranoe ammg the possible xvaths*

y.eeolta

Beth in the first tost ond In « repetition a veek later the paths

ohossB bj eeA aobjoot Indioate consistent plans of attook, the folloirlne

principles being need by th. v&rious aabjectsi

a. Becin on Uta horisontal lino from the start (dirootly toward
tha joel),

b. Begin the B9mxeh for saitable digits with a clodcwise eweep
•Eith the otartizic: point as a pivot*

e« As iiliove, Tsith a eowitevolockwlse avoep.
d. Searc:. for a vJflt^. cSiose dif^its wore each 1/3 the reijuired sspa*

All subjects toEuieLi. to continoa tho use of a principlo until th^

veire forood to find a asm one beeanset



tsnvy

•i.i

,;j.vr:-.iA:,A
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1. ho old principle «aa Inanplloakla or lad to <Ufflsaltl«a.
4 mwim tgr 4 akibjMta.

2. ilie oldor prinolple had proirod luaffl.i .; ' ^ t

pjranrloiis aaise* Cf thd IwalTo trials aad* iq; . . . u .'

9«rfQ4nMMa« of Mteh migsot, fIro ««r« foUoveu tqr & ob' i

prMBduv,

.^rlnolplo* of pMMaore vor* Aaoall/ wt dlsoaydsA «itll aaotlMT

had teaa *aecldeutall,7* foohd. .1i«b the aso of principle !; or C« for

ln«f

a

»e« ltd to t x ulj i :i aih which ulso IqtoItju :r « the new

principle Ml^t te M»ed in the next prohlaa. of tho fifteen eheagee «f

prinolple, setron appear to hov^ followad such dlsoovorloa.

The hoitaoalel IIm leedlxitf directly toward tho joel voa tho first

choloo 16 tljDOS In t3ie first trl^l end 30 tlB»s in tho seooiidt out of

^ slble 34.

The greetoist dlffIcalty lu the nase solutions wis the dlscorery

of eay section of & peth loading directly amy from the inoal*

Prlnclplo D, whidi luYolvad the least calculation bat in tho

later xoefteo wc::s assoelutod lerith tho longest of the three paths* tnnded

to be osed nest by those sdbjoots who did not dlsooTcr that 0e«h path

ooa cade qp of sueoesalfe Idoatloal triads*

Soaaary

haa. six sQbjocts woro a^ed to find two of thyoo j^ttlMm |otkt

throat OMli of six similar digit cezesi

1. Throe-fourths of the probleas vero solTsd by tto aane swthod of

search as vss the lisaeiiletely preoediae naso*

2. Chan-i'res In ciethcd of seareh oppear to be largBly duo to mrked

inadoqaacy ci' the cjiuqx pi.Lncipl«»s or to tho accidont&l diaooTexy of

nam oneo*

3. Changes 1:: yenegptioa of the nature of the problen alter tho





relatlTO difficult^/ or affect Lraacoa of tho principles. ?o0D^rdX9mt of

dictanoe, ft 4 4 4 4 4 path t«ftJL«d to l>« prttferr«A to a 5 3 4 6 S path

VBtil tho latter vaa ra«0£3Blaed a« beiaf Beeaeearllj a sarlaa of identic

eal 534 5S4 534 triads. xtce this i^» disoovered the prefer«M» betnei
principles vfts in tenas of tho probeble distances of tho paths.

1, IndlYidacls teml to ose the saas tjpes of prooeuurs an sliallar

S* !Ehejr (io not sosk as* prlnclplos as long as those osed ars sv«ai

sdezAteljr stiooessfal.

S« The ooaparative dlfficoltar of carrying oat aitcxrtatlTe principles

of eolation ssty d«gp«Bd wfgtgi the vmjf in idlioh tho task is perocived*
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Figure 2
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xnorliaoat 5

In the exporinent* condnctod tcp to this point «e liare conqpareu the

difficulty of two taaka aechaaleally eqaal, but 9a5)erientially different,

and foond that thegr beoane of rnqmBl uifflcolty. oeasarod In perfcrniDnce

tixae, aa they bectjne esqperlentlally eqalTc^lent. e have coa^pared the

perfomxince times of the same tosk by different IndlYldnals and hare foand

that the perfomance tiaie Is largely detennlned by the subject's node of

attack, e hare soen that this node of attack Is not peculiar to the

IndlTldaal problem but Is in conformity with general principles which

govern the indlTldual's procedure in like situations and tbot the relatlTe

effioacy of those principles may Taiy with piienoEienolo^ioal chan^i-ss in

the task.

These indications, that differences in the difficulty of t./o meehaai-

ciilly equiTQlunt tasks are concomitant with jxhenomenological differences,

a poarcd to require Terificatlon in a situation where ccc^arison could be

made not only between two groups e:^^erioncing the same task in different

vays but between mechnnically equal tasks eacperianced in different 7?ays

by the same individual.

Such a coiqparison is made possible in the cancellation of the meterial

shown in Fig. 2. of the eigjiteen different syriols that appear in each

Figure 2.

block, fiye contain currad lines; five contain one or more ri^t angles;

fire are trlfaig;les; and seran are raiscellaneous figures. The total naiier

of symbols containing curved lines is 26; of lines containing ri^:iit angles,

the same; of trian.;..les, 22. lio cancellation of the symbols contai:.ing

curred lines is aechenically equiralent to the cancellation of the figures



'T^f.^
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•«ataijalflC rif^t anfillM In th« mbm thai both ixnrolT* th« mdm

nmtt of ponoil strokes dlstribatod fairly •fool over tlM ohm

•TOO*

siAi—to

Si{:|itjr>eijit atadento 1a a oooood yoar andoffgrndaato laboretozy

ooorao ootod as suhjaets tn tha first part of this asparlaont, v^iidi

wu ocndaotad as a groiq> toot*

^ypqadajff

The sdbjeots ware issned niBeogropted dteoto of tha OBtoriel to

ba oaaoelled and v/ore ohovM oaa of tho three lists of eyaboln to he

ooBoallad as shown ia I'lg* 2* list A ooaslats of fiT niooollnncoos

fi^raot list B of all the figoros eoatainlsg currod lineai and list C

of all the fit^ores oontaialji^ rl^t &ncl<3a» After c^Jicelliiv' the

re<iUirod fiuwea in tho first hlook as rapidly ao poaslblo tho sabjoots

vere aiftad to oako u note of asythiiig vhioh had helped than to ramsi^er

the •yid>ol8 to ho oaaocllod and vore instructed to do the s^ias for the

other t^so lists, cimcollias os^th list in torn until each had hoen eaa-

eellod ir six blocks. I^ach sutojeot timed hiiooalf*

Forty (45;>} of tho sdbjeots reported that they discorsred Hi*

principle "oancel nil fi^^ros vith oanred lines" in performing ta4k B«

Tvantj-ono otharo reported that they had osed the concept "thrao

circles, hjx oval, and a *do»rmay* in this taiic« !:he m—luing twmkiy^

ooraB reported no principle*

The avarage parfomtmoe tiae of the last trial Avm ft

rolatiOQ bdtveea the oonoopt derlTod and the porfoxanMO tiSMOi
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^able IV
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«f SrikjMts Reporting tha Priaeipl*

"Oanoal all oarvocl linoa.*
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Jomngt P>ifuwiiui> 71i9m, Tuk B» Last 7rUX

slower than 7Aat«r tliaA

Priucipla F lieoonds at. of Oroop !• at* of Groop S«

1. (So cocoupt) 27 a.6 i 12.4 2»;: 4^

2, (ihreo olroloB) 21 ZZ»0 t 5,B tf]^ ItjC

S. (All caxres 40 24,1 t 6.5 M^

Of the forty Babjeots v^o reooffxlsoA tho tadc as tho •eaaellatioa

of all qrfld>ols ocntai.nine a onrred ll£o« orery on* ad* faster tljao on

the alxth trial th&n the QTevaee of the indlTidoals «ftio did not report

cioy conoqpt of the syiabols. conroraely, only one neadber of this *ao

ooaoept* groiqp «&• able to perfona tho taak as (laickly as the crarase

mmibet of tho groop derivlSG the prlaiolplo. The salijeets oaii^ tiM

eoBttflpt *throe circlaa, tho ct&1« -nd the pie* vere inteaaadiato to the

other tvJD cruwi^ys -j.v, j,arioisitijiuu tiioe, (mly one of the t»entyMie l^ias

as slow ae the avertftge nsodbor of the no concerpt grotqp and only tue tm

fast as tho aversne of tho »carTo* coxwept group*

^hc avsrage saporiority of 17,5 seconds which the *curTe«» :;roap

had orer tho »i«) concept* sroaj) Is oacactly equf-l to the aTorege i^roT»»

MOt Hade by all subjects om the first trial on ^hich the cencspt warn

jregported* 'Zhs sbropt is^^roTooent occarriu^; at this point may be easily

treeod in lable IT* !r«o featorea of the perx'oraoaoes of ta4c fi are at

Teblo IT

onee apparent in this table; the tmifonaity oi the x>erforBfiaee tise at

T»hloh the principle is first rs^^orted^ and the ooeiparatiToly aasail decree

Of iflvroreiMat thereafter, sjixms ^^e sabjscts reporting the coiicopt

later than tho first tri'il, tho arerage ixqproroiBfiat (»i the tri^^l ir£aediatig[y
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Figure 3



C/iNCELMTJOAJ TASKS
tfedian Performance T/mes oj Groups

k/Mose Cofice/ofS of tho. Sifmbols d/d hotcf^ahge

/a5^ A /Vo Cohceptre/:>ortecL

f
as

70

TasK B. -

TasKC " " "

Ta.^/^/3 Cun^€>S concepton J^^trial /5

F/GU/^£ J.
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pr.:o«<Ua8 the report «aa 17.5 aacundai the aTttriLe lfl|>rotr«BM»t « •th«r trials

was 3.4 •••onda.

Onljr elgbte«n sahj^ott rvported the Jlaoorery of the principl* »—Mift

all ignabcls ooutalnla^ rif^t aaglaa'* in taA C. Those who did wf e^arlor

in this tadk to the tsvsntj othor sabjaotst i4m reported lase lAOliiBiTe oob-

oepts, or 'J I Jl:

ATer-'.f.e .eir . .-.ca Jl.jea, Tartc C, Lest Trial

Sliower faster
F ^iecoods titan 4 then 5.

4. (So eoneept) 70 43.7 1 14.1 45.: 1Z%

5. l'".i£^it allies') 18 36.8 1 9,2 ZO;^ &fi^

So sabjcct rqi:>orted any iscloelTti coEUicpt for the sysibols to be ooaoelled

in tc^sk A. ?he mmn final tins for tLe 88 sabjoota wsls 46.7 t in.l. 7h«s

vhdre no principle was reported there vsa no roliuble wiffereaoe in tke perfor-

nsilae tines of the three tasks, the Tinal avara^-cs being 45.7 1 15.1, 41.6 1 12.4,

and 43*7 ~ I'J.l for A, B, and C« The ^vraph iu Fig. 3 ohovs how similar was th«

Pigwre 9.

coarse of iB3g>rovom(3nt amon^: these tadcs. It la icterestine to note in this fl«;Hr«

the nature of the carve which deaoribes tho parvorm nee tiiaes of the 13 individaals

u^o reported the *carTod line* concept nt the encl of their first tri'l ia t««k B«

It follovs a coarse sin-liar to that of tha *iac> canccspt* currns bat is faster

throoc^hoat. iha parfonaanoe tiaies of ^^c^^.'* '^'O liorlrod tha »carveu line* prla-

cipls »t £ lot tor st£ise shows a soddsn dro^ the hi her to the lower l«rel

as the owMept is reported, as shova in n^— .

Pl;3;ttre 4,
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Omb thr«« a»dkaBl«allj aqaiTalMit •tiaoAllaUon testes vara

pwrfomsd by M sakjoota the ygfoaw— IteM of ihe sixth trl«d

proTod to b« a funotlQB of tha a«ft(jaota* •on<apt vf tiM agfiAola to

bo ouncollod«

In tha saBa tadc %ho oea««vla «*ra aTfaotlvo In the oxdar of

their parslnoasr. "Cnnoel all aar?aA llnaa** vaa parfonaaA Im an

areira^ time of 24.1 •aoonAai "o^-noal all clrclao* the oval, oA

tha piece of pie" In S2*0 aoooAsi aad the average tine of aiftjeola

ttsla^ oil other laathoda va 41*S aeoonAa,

iSbMi tvo prlcclples tpoxe et^oiilly paratraoBtoaa t"C!j:^oel ail uorred

line*" and "oanool all fl^^xos ooalalnlng rigbt aa^ea") tka principle

inrolvlng the leaat per«eptaal difficulty Iju itc ate eaa the oore

affaotlTo hy 24.1 to ;55.3,
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Table V



I!ftlft X

I edlaa .iflws of PlTe 3«lg««to



Part II

ThB ajvibol enae^latiflii ms eoBtUBMA fey flTo ipndaKfe*

v;ith QB« jr iBorj trl«is telly for e pMlcM. of thxem mimxha, la

addltloB to tho teake aood 1a Um cro^p ipitoMm tJi«M su^oota

"1m pflrfomod terfc D, itilak «« ihm vmm mm s Miaepi thafc tk«

«u nEbatltnted for the owlt irkiAcs the pjetaelplo 'oaaeol all uuxtm*

iMpjiliof ble. Toek 3* lAIdli ooaU k« pM^wasd by B—iimiiL H
trlsfi^es, ?W8 ^«rforMid V oil sflfejaets until tho ocMopt baA

donAopaa ana t&erourtey iioiii IbmiiI by only oao oifcj—>«

At tb« and of 90 trlilo the sabjaots vero toaAod If ^U^; atABO*

to ooneel the reqvirod oyufcolo fMB aotorial In which the ogdmr of tiM

syHbols hoA be^s ohoBged*

The resnlto in ^feoernl conforsB clossly to those of the first

••etlcn. a.jc D wao.arrca after IH; tri:^as« tho oeoioet for all tiM

rtA>Joots vhr porformed the taoko in rotatlMLt In the coso of t^ mm

?ehl9 ¥

stafejeot vho perfonoed both B aad E, tha two teaks naiewebie to eolation

by the most perelaonioas princlT)lea ('osbooI ell owes* ead *mmmA

ell trlsfi^leB*) the pel feiliii . e linae vejno alsioat; »:at<l, .ith B all. htly

at^rlor* The •curree* eoiUd be JvOged on the boaia of the bottes line,

vhlle nore complete perooptlon of the 'triaoiilaa* «&a aaDeamry eince

there vere eeverel other rm&tiar iUgumm ia the aeteriol*

F, differing froa 3 in only ese iQpiikol, ro'ioired ehoat If^ magm

tlBM for perfonaenoe throOj^MVI. vhUe all ankjeota oaed the prlJBolyle
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'wntrt all curves* in tack B, ths ooae«p% in l was *tte eifuiiia th«

•qaar«, and the pio*. The pwfOiMMioi tiaea of the siAOMts in part I

«ho had osad a alallar oaM«vt 'the clrclast the oTal« e-nd the pie*

tor talk B had dosolj approadaated the tlaee of the eraap aalog the

mof paralKmloas bat paiwaptially oora difficult concept *«aaoal all

rl^t aagloa* in taak C. .Ul the eiAJeeta in this sootion wed thia

*riejht ajv;le* principle in colTine Ct «id the doee eorracpondauoa af

p«cfazan«e tinea vltb those of H nay he aoea in tahle IT.

In thoso taaka, B, C, I , and :::, iftere general ooooepta of tha

eitmp of 8yri)ol8 to be oaneollad vara derlTod the Indlridot^ porfor-

BBea tliaea ahoved naxked drop* xibaa. the ooaoept vaa report .<d« B, C,

aad S offor the moat incloclTe and oonaaqnently pBrsiaonioas oonoeptai

all ciinrcs*, •nil rirjit sm:Xem*t and •all trianglaa*| and tho perfor-

aanoe tiinea wore in order of the peceeptoal difficolty of a^^ljixi£ tha

oonoeptst £, , and r»

It will be noticed thct the pflrfomanoa tiaaa for taak A« aliile

Bboming a nora sradaal r&te 9t drop* or^me by the twentieth trial into

the approxlaate lerel of taJca C and n. jvlthou^ the ase of aacplicit

prinoiplas and coneepta had graatljr aocelorctad learning at first it

Hgr bo possible that in sow eeaaa the adoption of a atatie principle

ay 'fraaae* the perfonaBnoe and prohibit further procroca. Sunathiac

of the sort oay have oeoorred In Tiaoeat's (2) eocperlBsnt wharo tho

rats giTsn TisutU cam aado saMdi greater initi xl projress bat war*

avantaally eaoellod in perfonKnee tiaw by the anlaola who did not

ase Tiaoel caea and did not hnvo to alow domak to watoh for thoa*

The reaolta of the prorloaa ooipariaaBta in thia aeries b^ l«d the

covarianBter to anticipato this result* To oliock this posaibility
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Mkjoet W8 not ask«d to learn i«* A until 1m ImiA OQapl«%«d the

otlunv. ^o wp« than trld tTiat It w^B not rOBSlMo to -^eriTO •

oovaet, iuolaslTo ooacopt ux tno taik a «j/8»oJ.s, bat that ho ooaU

a«« ogr nothod he wliftied In leamlne the taak. He deteniitaa to learn

the location of each ayAel to bo eaneellea end In ttio lodn, at

ahoan in colasi a*, tal>le IV, he bad, bj the old of a rqjrUua no dls*

C0T«rea In the natarlal, redoeed the tine of oancQllla^ the Zt qrmkols

to 3*6 soconds. His best tizio for todE S had bean 6*4. heit tested*

iumrarar* on the aaite material in oliaaged order his tiaa for ;. rose to

26,5 aeoondo, vthilo d mm povfonwd In 6«1. In A b« iMid loaoMd to

naik oertt in looutioiMf IK fr^KftiiclimttlOte MSool corre^ llnoa.

-he Isoxsing in A was &ppXi^v^lo to onl^ ana blook of ^ynbols; that

In fi to any sltoatlon vniere thartt aro fl^ajr«tf \sith ctuTod lines*

All subjects, as aliosB ty Ae persistont onisslon of oertala

igftaoii, lacucnad to depsaA portiallj en tho qpetiul pouition ftf tte

i^rvbols to bo euMellou, judgiiW by the oavai«tiT« iBoroaocs in tino

^CB tasted en oanoallatiOK of aa* m terial, tho de^Bdoaoo on looatlm

was asoh greator in a« vhaco a* poraiaoBloaa pirineipla of pon'axMUMO

was x^osBlble*

Fear nochanioally eqaiTalont ooncallation tai^ks v;ore porfonaod

90 times each by fire nubjoota*

A list Of synbols ahieli ooold be ouncullau by ase of tho priaciplo

*oaaoel all conred lineo* «• cancelled at least ZSZ faster than the

ssna list in which a s«iaare had bean siAbiitated for on oval to aeke

porfojaBBOo by the sin.4.a prinolpla iapossiblo*





7h« talk vjhiuh could W poafftffwA tv QO—lll»g all oorVM «M

yflfCDnwa X^ ater In all eocM ttua th« tMdt vlddi •euld )>• per^oiaid

fey 0(UM«lllAg all rljJQit aa^«»

!Zii« rolatlTe difriaulk/ oT ike U«](»« awbMur«4 «iaM» fey Initial

rat* of lapMVOMikt ar fej q2>aad In gtuaaalllim Srom jmw auiarialt «aa

dataxnlaad 1)/ tha aa^a« aX paraUniy of tho prlnoiplaa of proaatera

and. fey the j^roagptad dlfflooltlea InTolTod In their aao«

"iha reoalts of tlio fire a.-parlaants on htaaaa sofejoats vhldi hava

Just fee«B daaoribed appaar to varront the rollo^'iog ooncloflloaat

!• liiffartmoa In dlXflcalty betvean tMfo BMofe^nlc lly eqatvalettt

tndts oorraapooda to a dlffaronoo In tha ««iy tlie two taaka ara

aoqparleaedd, ;:^p. 1«S»5«

2. Indlrldttols aolving proil«HB ose G^naral prlnclplaa mad oethoda

of pivoa^Jira ( xp, 2t3t4) \diieii ara BBdlflad aeoordiag to tha OKi^^enclas

of the eltoatlOB. Dcp. 3. 4»

3. !:ha ralatlTo aptad ot loaralBC mdoqc aaefeanlceily atittlT&laBl

tadca la datotnlnad fey ttM &^g!t9» of parainoity of tho prlnciploa racioirad

for perfoxnonoa, and fey tho pava«ptaul Oifflcultloa InvolTed in the

appliaotlon of those prlnclplae. iSXp. 2,S^«

4. Thjre ara aaae inulo&tlone that the greater speed of learnia^

of tasks ajsoBiible to perfbrnaaae fey paralBOiilotta prlnclplea is elao

aaaaolated with sreeter afflel««M|y la delayed reaall (^p.2) aM«

\3hat Boy fee the aeme thing, vitii greater tr^aafer (l^xp.S)*

ioaegptlng for the naonunt tho validity of theae aoadasions,

their Implleatlons for paAa^afgr &re aoalstakecble. here, as In Doat
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XtiiOTtlnwil Bltoatlous, tho prlne o nslderatlon la tho ••qalaltloa

•f wan. ttd«qaAt« ptorfVxaBaea is tli« sbortast poaslbl« tin** the m»>

fWTtttlTd tlaos n9—nrj to trlas two edtanuitlTa tasks to tlw

re-iolroti »tundard of perfoaHBB* wro of prist Ufwrtaaa** If It 1«

pMilble to predlot «hldl of tno equlTalaat taaka will bo Isajnad

the faster it Is possible to pMdlet bo* aagr tssk asy be altered to

sooeler»te nsstexy*

In the next sootlon Hie ralidlty of the third MMtmiflB vill

be tested Iqr applying it to predlotios of the aase raoalBg p«rfor-

of shite rets*





IT

•The .afjct of •*'rlnclple

7h« coapMwtlTo ..irflcalty of Lozaa
f)ojr

The hito Hat
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Introdnotian

In tli« prsliainary Imrectl-rtlone rwrorted In vootl n 1 of thl«

tlMslt the r«latiTO iiffioultijr Oi mocaanciuily OiulTul.m t j j vr*i

io b« d*t«zialn«d \j tb« d«gr*e of ^lertlaony of the princlplM r^qoirod

for thslr perfonwoioe aad by the pAreeptacl difiloultiec involTact la

tlM i^lieatlcB of theae prinolplea*

A* %. gonovel thealt applleable to the whole field of behoTlo ix

<MC learning* tha eoncluBlaa raffera from the narrow field In ^ioh it

vea derlTad* Tha teata in geaec^l vare of an abatr&ot ty. e requiring a

mlniana of notor uctlTity. Ill i.hd hjpotheaia prOTo valid in tha

laajBlag af motor activity bj ajOaeila? in tho follflwine aeoticm it la

pajci>o«8d to tdst the viliuity of the hypothesis in mase letimiJRg bj

vhite reta.

::he nasea aaed in tho following aaqperiaanta were taa-eection

sdiflad vardan U laaxes (3), the individnel aectiona hsviag boiltoin

floora and being fitted with a togSW at the aoata and gr ore at the

entrance for easy shifting. ^1 aoctlona vere identio&l eocoept that

tho interiora of tho seotions oaed in the viaaaX nasea were painlMA

vfhite on <»o side end blaek en the othert the dividins line ronnias

dov.-n the wall and floor uireetly in the middle of the entr^^noe* The

other naze aootiona ware painted blaek. Li&ce tea seeticae vere

in all oaaea oil pa tha were of eqoal length and aaaber ef tnms*

to prevcait retracing vere ^eed only at the starting box «Kit and the

food box entraaee.
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Th« MUlanla wmmi. war* pamhusaA from a local daalor aoA

flT« to •Ttm vadca old tnhaa Iha «Bp«irl»«ita nara ba0M* Aa a

pr«lia4Mii7 (ratelag tha aalaala wara fad In tha food box of tte

Mdm for fiTo deya. Dtirlac; tha aKyarlstfita two nana vara raad* aaA

day at aa Intanral of nica feaws* tka oalaBla vara allovad to faaA

tva mlmtas in the food Yxu. and vara thaa r—o"red to tlte faadiac

oaifa. 70 food aacocpt lattoaa vaa aappllad in tha hone aac**

The eritorlon of Isanlas v^a thraa arrorlcaa rona In fottr aoo-

•aentlTe trlnls. he placing of both front foat into a blind alley

vaa aeored aa an error*

1
^at is the ocaiMUWtiva dlffloalty of a xKue oflnatmctod on a

Tisnal principle (corr ot path bla<±, blind ullqys white] ith a ooa-

Tantional aaaa of idantiaal pattern and oliaanslona?

K«a Et a ^ardsc U Haas ai* tha at adurd LBSSLLRLLB petten

(3) (4).

KMM 8-471 AB identlaal mum idLth the blind all<qr haf of aaeh

taatlOB paiated idilta.

Tva groapa of abita rata« 13 la aaok erovp* The erctapa vara

equated for weight «nd thera vara 6 arlea and 7 females in each groap.

Groop 1 ^ms run in aaso B oA Jrotv 2, is aasa £>•':. for 45 trlala

each, -he proapa V9r9 thcai interAefiged, ;>roap Z beln^; rxai ia aaac B

for 45 trials and Group 1 in Bue B<^ for SO*
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OfWV 1 34 14-? 7 H^ 7.4 (4S)

I 46 »-f 7 MfC 7.4 (M)

GxvHp I 7 6«17 18 100^ 7.0 (U)
1 • S-IT IV %Mi 7.a (!•)

1, The tmzn oozuitruct«A on th« visttal principle «aa loenMd th«

mw ropUly ty 7 an& 6 tri^li ai eoqpiurtd to 46 and 34.

2. .11 onlBrla l«icjmad tha B»' rrt^&A -.vitMn 17 tri(4.» v^Ila oal/

64,» laajnad tha B laasa Iti 45 trials*

3« vha pamcat of parfoal rwi la MM* B oftar fulfill io^ tha

crltarloa of laamlxtg vaa £>6.6 ' <'ni> J^otq^ 1 '-i^'* ei*f^^ for graap 2«

Tha corraaponolag poirooatacM Ifi ^ v»r« il»d,j tifiti 93»4;£«

4. In »•• B-7. all aoianla bad aada 9 parfaot xuna oat of 10 ••»

taatttlra trial* by tha 24th trlt4. Ib na« B unly 20;^ of tha aalml*

vara i^lile to raaoh this ataadarA >j %h9 46Ui trial.

6. . arfoxaattM time of tho rata In tha fi«¥ MM, altkoai^

tgr the rts in tho B siasa, rmain^A miv rtor to tlui an^ 'f ^^^'^ a--parlarAt.

$• In apitc) of tho faot that tho two aaaaaa vara spciiai,!, 1*

only una anlak:! froa aaoh groqp vaa abla to ran tha a«ooa(L «:.

firat trial ttftor 46 rxoM Ir. the first mazo. In hotji casoa tha perf^^»

one* tixM of thostt anla&ls incro^»a4 Utout foar tioes.

7. Of 6 MrrlTlns aBlaals in Grtap I ^o bad laamad oast fi« ooljr

ona aas cble to ran it vitho^^t firror txn \raaka after conplatiaa of tha

ro&S In OAza B«-. '^t-^ oihars -^^.j^n 3, 4* 6« uut 7 orrora rospaotlTaly.

^Two rialwla died near tho and of the rmm in 3.





8* Of Xlut 13 ikaiaBls in iirovQ 2, 7 maAm •rrorlass nut* In B^

%io v«tk« aftsr eonplstion vf tk« fWM la B.

.ho objoetlvo rMulta of tlw eo^MlBeiit ngr«« ry closelj vlth

thoaa of Tlnoent (1) «wopt thnt tke rate ir ttao B-r anse raMlned

UuawvaoBt u^mior in p«rfi»iaBao« tiao ood mda fwMr en or* tlMB

th« «iilKas in B. It !• llkolj thr^t this dlfforonoe In rttsolts !•

«La« t« th* AiffwroBt pMlklw of tke vlMal oaes In the tvo •xparinmtB,

In tbe prMoBt aoq^yMrlMBt ¥etk the blMk amd idiite v.era Tlsible to

the rat vhll* he ««s still at soae dlatenee from then end h» was con-

•HWtty able to nrice hia ohoiee vithoat eloiriag his pec* aa appear*

to hBt& beoii nooesaazy In the VftttceBt masa* vhis greater proadsoao*

of tho Tiaaal cuea in the preaeat naae aeij eiIso accoont for tho greater

•tewae^ of the axxlaola in aaize B-^. Z of tho 14 rata tAo *l8ajnied«

MUM B aakMqoontly *for^t* it while the p*r««nt&ca of correct choiew

foir either ^-roop in J^-^. never fall below 99*0^ after the ZOth trita.

,.ii«a two ooaBg[)fcrahle groopa of reta nere ran in trio epati'lly

identieel aasea* one of which w>-» eonetraeted m a tIsotI principle,

the fptqp in tho wze aBumahle to s»l«tiQii by derivation of a pr irr^irle

MUHMilor in apmma of leajsiai;, perfomr^nca time, cjid retention.

Mhea thu aaaa grotqp «aa ni In heth ranzea, the perfonsnco in the

;ted oa the visonl principle ims superior

•





la the pir» «dlng orp^rliacBt the mmam aonotrucw«d uo th« sinple

Tl»a 1 princlpl ^iutv.v
' lor to la&m than the ataadajrd

of the aeMe pettura* 7«o quaetions at catice erieet

(a) 70 «h«t flocteiit tamy the lecumlic of the B« maze hare beaa

affected fey a natwal njreforence -f the eaiiMla for Aaik peaaag—ay?

(¥) The anlamla Ic the B«« aaae ked« Lhroosti the apuiliil identity of the

We uee. the aaae poaalbilltioa for loamiJ3£ ua the oalaala in ih» B

«ith the edoitlotiel aid of the vieaal alatisotioa hatveen corroet path

Bad VXiaA alleys. ould the Ic^ixnlaE take plaee fuater than In the

etaaiard aase if anlaala in tha vlsael aase vere foroed to rely ^P4it the

Tiaopl principle aloaaiT

To find en onaver for thoaa qoaatldaa 24 rala vava mn for one trial

in u BtandarA IRHB1LBII£ patten nase in -viiiich the correct patbeoyi

feiakad aftiite, the bliiui alleya blaak* On the baaia of their perfoj

in this trial they ware dividt^d into tao »]aiTaIant i^ro^ps. One grroiqi

aaa trained in the test naze, tiilch aaa design&^ted aa the V>£ oonatant pattern

aaute or -BC. he othor group «aa trained in a naze conatmoted of the

seas aectiona, r. the saaa W~B principle, bat with the pattern Taried

eceordlag to the flip of e coin for each trl&l. "hlM was tlie >B? ( 'i*B

ariable pattcre) naze* Both oazaa were aade up of the aaaM seotioae and

in ovory oAse contained the aaaa ma^kew «t ric^t and left toma*

Althoti^li the aaoel praoedora aaa aa deaoribed above, for paxpoaes

of coB^riaon tlie triable gwoap «e« ran in laazo ^C -iVf^y tenth trial*

Cn the 11th and Slat trials bat^ €n*V* aare run in a mirror iraa^a of

tha 1«BC aaaa.
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•a la the .on.t«t p.tt«ni mmz. the anl»«l, trelnM in tiiat >u«

^ iSM^ t^M^A in tk. t-rtwl p.t»Ta «a.a fulfiu^ the ^ crlfrlon
Of lec«ii^.t ii.« 7th trlel. tHe triable «e grotp at the loth.

1. XJi ^Ite Of a ooneldewble dlffewww la lacldao*. of wrmtg choleea
on tho iri«t trl«l. there .jpei*. f be - ignlflcH^t aift.rmoe la th.
dimoult^r Of «,e. oc«.tr«cted oa ll^fct eM da* patia prlaclplea.

«. A pure n«al dlaorl^laetlo. «,e with . variable patta« i,^
.U«l»ttj «re ^mcult to nux aoe^fe.^ tlum . ccnato^t patter «.e con-
.t«ct.d Of the^ oalt.. and the l«dlTid«l ran, are n^ la app«xl«.tely
the saae ti;ae«

5. .ml«l. la the ..BC «.e i,„«y^ partly « Tleaal dl.cn-la.tlo«
•»* Ifirtlf on pattern. Thi, im» tnw to a leaser degree la the ;:^ mm^

For a -ore complete account ,f thl. e:cp«.i««at see the eppaadlx.
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In tha prerloos mff^fimmMa aasa* •«aatraoted on sii^e Tiaval

principles «er« l«an«4 ia S»9m m» thix* to one-sUtb th* iMii*Mr of

trials nsoassary to loon staMUi<* asisss of tha san* pettem.

Ill the saae ease of leomlAg 1m fooad in nases oonstmotad ob

fftraiaosdoas spatial prinoipleaf

f ealaels were tralnaA In a tea soetioa anse of LLLLLLLLII pattern;

that is, the correct path Is alaaya to the left.

1. :ho crltoriOQ of laajmlic (3-4) was satisfied »t the 6th trial*

2h9 yaase of the nroop vus frost 4 to 6, with no anlnol sekine an error

after the third trial.

2. ^en on tho first trial no errors wore ntide hqrowl th» 7th

flection.

alsj^ssion

The rjedlon trlQls required for leamiiis are qaite closely In llna

vlth those required for leanxiag aasaa of the saons leii«;th eaod uaaber of

tanu oonatructed on sla^le Tiss»l principles. (Jxp. 1, 2) fha aoctraaa

tfiortaass of the rcn^, however* is interesting in view of the findlaga

of Kraohavriiy {!>) that rats shov aonsoliat gret^ter readiness to adopt

spatial th&n Tlsaal hypothasaa*





4«

(UstiaotloD botvMB *prlnclple» and *p«rQopt(i&l difflciilty*

•• Aatomlauia of the dogro* of dlffloalty of nachaaleallj •qalTaleat

taeats doaa not natm that thay are to bo thought of a« ladeptodOBt of or

anr«i,utod lo cao another, re already leen la jsporloBiit 4«

»O0(l(a It that the node of attack ap«a a prolleci la largely daiMBOMit

iqM» tha phaacBMBoloelaal cbattieter or the taak. ;jubJocti alag on*

priooipla of Lolutioa while ta^rlmciae a prohl«B aa an aKarclse in

auditiaA and lubtrr.ctlon, saddanly shifted to other prlaciplec vdi««

tMr J«*celTJd tho tfisk a 8 thr-. flndir. of aerlea of idanticta cil^jit

trlada. In auch a otse the okaafBBB of ««y one •principle* bolnt- oaed

at aU depend opon the pereeptQ&l difflcoltlea of applying It,

i'O illustrate the point lot as consider the maaea HLLllLLLiJ.

1H1«4.») and ILUIXLllF (L9-.R1), Both are the saae laaeth and ccntain

th« wnm SM^er of rl^t and left tuma. ;o a haaan sobjeet ;;ha alcpleat

MWMi* dlrootiona > re "Qronnd the comor ond keep to the loft'*, vA

"nln* aeetlona left tma then rii^f, o ^ffortAae is not in tha

pajraiaecqr ot the etatMenta bnt In tho peroaptual difficult los of oerxying

tfe«i into effect. The first biTolTSE tho ndroBptoel different lot Ion 9t

the nasa Into two jwrtsj the saeond doaands Its dlfforeoitlatlon Into

*« aaationa, the first aino indlTldually dlatln^ulahad from one anothar

by the rarbal daslgoatlona •ono», *tvn* .... »nlne»,

9ino« tjw differontlatlon naoaasery for the dorlTntioa end aaa of

the principle adaquate for porfonnance of Kl'^S should be posaibla la

lass tina than the aorc oooQilote dlfforGEtlation neoasaary for tha

solation of L9-ri, 6) It should e e t «oted that hnmn sobjeota will

learn the rorsiar naso aore quickly tban the latter.





vltb rata the ulfr«renoe In dlffIcoltj lutww 111* t»0—

—

vroald %• aeowtttetAA cUm* th* prlaclyla of aolatloA of nas* LO-iA

LnrolTM a sMlianiai of v«rt>aliseti<» ftilah ihaj ecnnol oonnuji^l.

If the rMults of SpMgK () •«• i^lAioofelo to this situation, tho

L9-R1 aoao dxould bs pvootloally Ina. Idblo ^ rata. Spragp raa 4

rata for 100 trlola In a roltcn U aos* 9t MBSSSSSL pattern aad foaad

that noaa of thorn wore able to naiater the problaou

S^ppoae, howeyor, that a laoal al^ or cuo 1b plaoeu la Um

antroBOO to tho touth seetlon of the L9»"l ioa::o. ^Lhera it nov the

poealblllty of solution b^ Aatlrutloa of tho principle Uoft to the

sl0i, thA ri^t*t aad. If oar poatalatea are eorr<»ot, the ehaaoea for

oeli a aoltttlon vill Inoreaao with llie also or loprosslTeaesa of tho

laaal coo.

e now hnre two HMo, lO-tit «• Lt-Rl. a uMiihlo to solution

>y vdiat we aoy dosl^Mte as princlilos ui the seooad degree of i>ar-

slaonj ^to distinguish thoo from the oaitary principle adttiuete for

0X0 llO In the lest axperlsnnt]* Althoui^jh thece two nazaa do not

ulffer In pArsinony of principle they do differ considerably in the

netnner in rhlch the principles aro applied* In viow of the reported

toodaney of rats %c use spatial eoas, which will ho adoqoete lA rJ«<.f

asd liMAoqwBte in Lf-Rl (8) «o ahotOA pfiodlet that Rl-19 vwuld bo

Bli i'.tl^ nore uiffioult to eadtor than the aa>re jarslaonloaa i^O aad

that tho -iffloolty of L9-nl would Ti-jy isbora thla ll.-sit with the

charr.ctor of risaal one wad.

The aaporiaMBt «bs oarried cat siaultaaaonaly witk Jb^eriAoat 3

to allow ooaipaiison with the roaalts of 110.





L^Hftl, BO &ppejrflDt dlffarwitlel TlMtfd cum aawopt a pl«ee of

wiilto ofc^yon laid ic the entxvaoe to tbo bllxid eillegf in attotlon 10*

Sl>-sL9a no apparont diffdrontltl Tlnwd ooaa*

9 vblte rets choa«n \>'j lot sinaltejieoiuily «lth tlio aalaBla «sad

in tlie praticaB o..periaant ««ro ran in aaoh aaao, UBfortoaately oaa

of tho aaloBl* in 19-Rl died oerly in thn «xp«rl»eat so th« rasolts

01' this group ar« ot 8 sniaals*

"he aaoont of ereyoB plaood in saaa L9»Hl was variod ba;^nniag

vlUi tbo 31 St trial.
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8. iMTing th« first 30 trials I' ' v-l the p«ro«at of p«rfwt ran*

fojr each fit* trl&l* vas 12, 2, S, 16. SA, naA 12* Th« noiiber of piooM

of or yon in t}i« otM position «m then Inorcatod to 10 and th« pswsnt«g»

of orrorlass rons rose to 26, 98, 4S, 63* rnd 60. In the laeoea'iB^

uns one place of orr.yon vas roBored at tba sna of aaon ran. ' '.r.

pariod the i^rfect runs stood at BO and 8di» Tba precvitMje cid not frll

at once a on tha eoch&astion of tlie eTAyoa, for the pareantare en the tUBt%

flTe tri Is vas Sff:,* It ihm dropped to 29 and 28^ at tAUak point tha

a3qE>«zlBAt was disountinaeU*





In tb« prevloas oxjf rlaoat* la yihidh %W9 jmm* MMBOUI* to elation

by •qiaally parilAonloos prlnclflds wot* teutud \>y eoaparcblt u^otxpa of

hit* r«ts, 0Q« oax* i>roTcd decHeol;^ aor« alfi'lcult to ncstsr th-JA th«

othMT* on the teals of oar bjrpotliecla aaoh a diffcranoe oaat 1m aooounteA

for by tlxe paroepttml dliflcultlca of dl«coTi<rlB£: or ^ipljlas the p9stalat«A

p«r«ijnalom principle. If this Is true thors n.r« tv7o vays In ^Idi it

•hoald b« possible to tMoh the diffioalt L$»Bl ao tii&t it sifSit be leamaA

in Qs short a tloe as the *ea^' jsAse II1-L9*

7ha yoaslblo osthods of decroaslne thj dlffioulty of the p«r«ept«al

%&2k. crei (a) Incro&ne the slse or vlTidnoLS of the feature of the sitnatiOB

vhoae peresptlon Is necessary,' to aolatloa* And (b) train the learners in

o her sitaatloas nhore the pere«ptiaB and raeognillon of similar si^ns are

neoer.sary*

ma lare^ly to Iho cocldent vhut Uio only aniauXa icaaadl^tely aT-llabl«

in the inboratory wore four yoong pats v^'"^ hc-d been nsed In a z&otlon piotor*

denonstratlon of the B- inase dascrlbi»ti lu ^perlsk^mt 1* both authoos wei-e aaed

In 6}.c present atxperiflMnt. These :;iaiJKxls had ran froa one to fire trials in

the 3- vaae whose principle vas *avold iho white** Tho oaze now need «a« the

1.9^71 peticm, as used lu >^:p3riA;nt 4, eocoapt that the last blk^ : II^- vas

painted viiite as in the Tisorl anaas roportdd In iiisq^eriisents 1 and 2«

?esaj^tf

'xhe naze vas leomod In 6 trl^J.* with a r&n^o of 4 to 6*

Thd cxo>xter dlfficalty of BBise 19-Rl in the iiraTlocs e]qE>erlnBt vhen it

«M loaxnad only oftor 41 trials, aa against 6 in the prosunt eoqpwlaQiit,

«aa dae to lack cf perceptaal prominanee of the •saeiiti>l oaes.





ua the ixtrfonwAoe of the ezdasds viio loaxnod tha l9*Tll

/.libcqgli the rupidi^y oi luii^il/^ !» -J.. ..ou<.h <>b wispoae of

tho I'lrat poGBihlliiy v^lchoat ooaoKiBit the qcMStion net aiunMred bj

rtLnnlne the anlsuals It. an LlO-.l nas* on the 7th trial nnd in an

L9*.;l uaxa on tha 8th. In bolh cases thu l&st BoctluB had a vhita

blind alley. Ul 4 sahjocts rnx tho aa«a withoat error in aach eiia««

ChaBgdt in t>>a i^ii^lial char^f^tiU' of tha L'sza did not Intarfira

«>lth parfojnoBnea so lout -^-^
'

'i x^rla;cl^<la oii whiuli tho iiouo &as eon-

struct 3d r«Bfiinod anch&n^&d*

Id doaa not nisoc'ssariljr folloo;, hovaiv^ari that the principle

by the taacher in planning a pv..hi .-)>". i« the ono o«ed by tha ptipil iB

sclTing it. This leeaon, Iccruo^ ixx ^pcriasnt 3, ectioa 1, «as afala

Imgpreaaed upon tho e.;perlBk^tc;r hi the bohaTioor of tho «nlBBLls«ln tlui

B»s« I8->T2 in vhich chey xi&re pliice<. ct the noxt trial. Chis siaze, in

which the ninth aoetion h-.d tho i^.hite blind i:IIi3y, wes cojastrocted tj

tho eocperlBflatdr on the principle, *c«rr<»«t path to tha left, than rl^^t

at the vhita aeetion*. If the fmiaals had derireu this principle thci^

shcald hnve ran tho L6-n2 BKsa vithont error. Only oaa of the «f^*—*1t

vaa able to do this; the othar throe tcu-Bod laft again at the tenth

sactloa. Tv.o of these poshed and claipad at the oor at the «bA of this

blind i)ll0y for BOTurcl seocnda in a aannar alo^^aont of cocfiaonoo in

tha correotnosi of their oh ioa* Iheir bahtviour conforaed to tha
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prlaolpl* 'loft bttt Btf^ off the vJhllt*, >lch would hmm btiw loit*

•d^.oBt* for ai th« m»— tl«|f haA nm ^p to thet point.

tor farther tmlnin^ In th« Lt-RS «ix«, in irtileJa thm erlturla

of XoajBlBC ««ro ootlofidd In 6, IS, oaA U trials by tho throo aalaiplo

who had orrod oa tlie first rtm, three "^ tho four o&laala ran th« mso

la-iS, also oonstnaetod oa tho *lttft to ufilto. than rlcht* priaolplo,

oa tho first trlcl. he aalaoX oho ted ran tho ith^ pottem ^rlthoat

orror fros tho first trirl «es tho qao lAo nodo the onlj nlot >«•

:t thio point thd (proup bed -lOdt nas in flTa oaxo pst'.dxso all

bofod on tho priBoiplo Uoft to tho rhito; thoix rir^t.' "rhis nrlnciplo

c Iso slTonod tbt) construotioo f tho rAso with tho oroyon em, «iOd la

tho qporlMBt 4 taoso. 'hea tha rdts osod la tho proooAt oBtporiissat vooro

pXoood In tho jcporinaat 4 mM« (19->rl) cdl oado orrorloss roM oa tho

first triol, thoir 24th la bbsoo eoastraotod on this •left-olfjji-rl ht»

prioeiplo. In thu seaw ovoala^ oajj 9 wf tho 8 oalanls in tho jspdrlauuS 4

gfo^p, tkoa in tholr 43rd tria ia this aoso, oado orrorloss roaa*

la spite of this sttO«oooful raa m tito first trial tho 4 salflola vor*

aot Ohio to rvp^Ai it on tho aaxt. Tho diffaronoo in ilic c :. i- t r f cue

oooA at tho oraclnl sootlcn thos had its offoot, not on tho first hat oa

tho foll««las trials. :h« x<orfQnna«o of thsso aaiaolfi foil to tho

apfrooUaBto lovol of tho :!:3qporlD at 4 . roixpt 1 -; ^ r ' ^'t , .it t«s

aol antU a> trials lotor that the iaiti*»l rooord of lOO,1 porfaot

ooo oowtllod*

Poor reto woro ran in nazos, all Maatxacted bs follovoi tbo

eholoo «os oloojs to tho loft oatil a niiito ocurfoeo vas oDcoantered.





rma Iter* th» corroot choioo* «••« to tk« rliM*

idcr MftsUrlnc ui L9-ltl pati«c« all th« aalanlt w«r« skle to

rm Tiiwi >4ul 1,8-Rl oBAM vlthoat •mr « th« first trl-l.

Qm» «f U« f«ur «•• nblo «• ran « LMt2 afts* vlthoat errvr m
tte fU«t trlQl.

Af%W a*t«rii>K the 18-itil •»•, t9im«!) f <lt<? foar rr-n ea IM0

MM vllkoot AiTor on tho first trial. All ««r« than rtft* to m
witlMat anrcv «i L9-^a nns« in tIiIoIi tli* ono for a oh—gt in dlr«eticai

«A« a |iil« of viiit« omyoB lji0«wt« of |h« vhits sarfaoo. This pttrfo>>»

i!ki:i;^, 8»u» on thd first trial* «M tMUfeaAly sai>«rlor to thot of aalwlf

«to iMA W«i Ifaified in the te«t aua, and to thair oan ,^«rfenmM« iM

•iiftMqH3Bt trials in tha ••• bsum«
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trials •• t^o erlWvl«a at l^mmiag^ aftjMa ».aaiwt«4 od alqpA* visvU

or yn»^ jy*^«|B4<W —<> it(<rpii y^^mjf n^ io 29 as mmr triil» u
tlM •tttoAAtd amsm of th« •!«• mh^mt <iC aMiioas*

i. littJiM in iriiloh Uxot u>nr4)«t pattvngr vo« li^^tur ur darker tkMi Ui«

blind tuMn^B «(ir« ittoxiwu. la 7 trJUia •• «saliuit the 34 trials rsqolrsA tor

tha staaAud aaD;i« of tlui s«isw paltasau ^. I« 2*

8. j: Texlbbla itittam oaas saMlMsiad oa Uia aiiupla *li«iit prthsair*

prl&t,A^Au was Isamad la 10 trli.vla* ^« 2«

3» Zht mass sooBtraotcid ca a paxalSBftloas *all lafl* pri2ic&pil« «M

iMuraad la 6 trlels v.lth a jreafis oC 4 U 4, lAilla Uie p^-Ti 1 7.^:4 j, hrilM^

left* principle on^ie «aa leuniaA ia 6 trlols wiilx a xvas* of 6 to 18*

ai. a* 4*

4* A patatlTaly lnj><;lal>le mm (I,U.i,.,u.i.TR) eaa leataed la 41 iri^lM

vhMi eiejffi was plaoeu la thm attUr -nee io %hm last blind alleri «Ad la

4 tribls ihm the last blind ali«f was falated viilte. .^. 4« 5*

5* hea a ^oop of aniaras vara timlfd la five aases eonstraotad «
the ^^%u.^xvl« 'lo't to tlie iiixlte blind nll«)gr, tlMa rlf^l* Ike WhavlMV

la met aea SMisa vas In acc«rdt««o v4th priaalplas vAiloh aeold hara l^aaa

i»Bi&te tor thm solatloa of all th.m aasaa saa op to that tlaa* jX» Sb«

4. alBDls trained In a n«nb«r af anaaa aanatrooted oa the aeaa

principle were Hnoh nore aoaceaafal In raoalas other nasea oonstracted «a

that principle thaa were aniaals whose tJPBLinlac had be«b oonflaed to





The kjptbmait tiMt 111* r«l«tlf« tlffloulty iT %m

t IS dotormlaei %j tho Affmm 9t pMSlaaqr of tkm jiriJMip&M

«tod iB thalr TTyfofiima aa* fegr Uui fMMt**^ 4irfloalti«« inrolTed

In tlM ^c>9lloatlOB of tho prl»cipl«« is aAaquftt* totr thm prvAistioa

•f the rvlntlTo diffioaliy ef %Im otcfM msM larM«lc*t«A« A0 asvlUA

to rssM of aqVBl Ico^tli ami wmttmf •t ohoioM it any b« t&tciit "^o

rslrtiTo dlffloalty of tii* aM* iMlterM •o^poMd of •p^tiaXljr »,uiT 1 at

nnlt* It dttt«ndiMd >j tho Mi*«r of aitfOKTM la fmmatmxm aatocs.-u^' for

•rr?rlMf porfonraso and hj tho yii«q^tao& prcaiiMBco < f tho oM« v&iA

lalS«at« ^oro the prooodajM no*! ha «hBa«o«»

TMs prlneiple lo not oaly ataqaota to oogplala dlfforoaaoo la tha

aaribor of trlnla reialrod to rm mt mm. aazao hut !• veiy well lllaati^tod

hy tho roailta of zioatpolllar (9)« iTlo taaaa la which tho oonroet ohol««

ar^t olaayt to tho ririht, falllafr aoMtr a«r olaaalfloatlon of tha aati

ponlnoaloai prlnolpla, aoro looraoA la T.6, 5.A, oad 8,0 trlclo roapoo

tlTal7» Rio aasa 1, inrolrlas • aliAft la prooodaro from slapla to daiAla

olten'^tiOB, roqolroA store thoa 1§ trl^lo ..iih tho aoat froqaoat aarora

oeottrrim: Is the suatlca «hora lh« riWiaiP Ui prooouura was aaooooo«y»

A iaaroaoiag li.eldatao of error t.t the yool was a^yroachod la tho

iq[>lo principle aaaoo la oltod hf Hoalyolliar aa aridonoo for tha saol

graAloat kfpcthosla. "a wi^mld rather r<^^rd it &s due to the

•elootioa hgr ooa* of the oalaala of aa ada^oata prooo<.turo boforo Iha

later aoatlcno are reached aron for tho firat tiao. In oar T.T.H I.T„I TJ.I

t*^a error* Mtde at the aaMoaairo aootlona on the firat trial

nl2846«ytfl0
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Tharo i> not onlj dMr«as« la the lnoldMaoe of mrvtag ohcloM as th«

COaI wks •pproaohed for th« firat tin*, but in th« last thro* sections

the oonreot ohoioo «•• aad* qa th« first atlaqpfe Vf arsrj one of tha

9 rats in tha [;roiip. ;ha aainslst in su^lorin^t tha ocrliar sootiun of

tha aase, aalaatad yMcadarM li^ioh M«bltd thoa to aako tha correct

oholoaa in tha last thraa aaotlcas the first ttrao thasa saotionfl ^mrm

antared. Siaea thaaa aalaals had nerar raochad the fooJ-%ox the

phaaoMBon is net baolnHirA aliaination or foea ^o» ooauitioalac;. It

is rather analeeoa* to the fomerd 4et«ratnatioB fnosd hy ees (10)

in the raproduotion of aarratiTa obteriul hy actnol oMIdron, in v/.'.ioh

the function of oaeh soocQasiTa itasi of tho odgLnel \(«a liinitad and

daflned by the tenor of the preeadias Itaoa. Just && tho possibilitiea

of tha aarr&tlYe ware increasingly liMted aad def l ou by each noer item*

the poaaibillties of the aeiae vera narrowed bgr eaoh sueoessiTo aecticn

antil avaxy anlanl had selected aa adeqa&te pMeedve*

In s«&<arul, thoee oases where tha adeii«ate preoedare nl^t be based

on tha eenerel duureeter or prlnoipla of the aase viere laaxaed aooh faster

than theee where the perfoxBaaoa anet be pertiaant to iadlTidoated feat area

ef the
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1. Ixe dlTvnlty or cUffloolty aaon^ aohaaioalljr ••^uivulent taJcs Is

oocconitant «ltli phanc—nolodLoal dlfforcme « enong the tasks. :aaks •-

porioasao as eqtlTSlaDt ar« i>arfomed with •qoal f&oilitj} t&aks sa^rlMwsA

as diffaraat are parfoined Lb dlfferont tlBss*

2,m .ho dscvo** of difficulty of two nachanically aqalTolsnt tasks ara

in tha sasM rolatioo as thoir experisoead ooiqplaxlty. Tha ralatiTa spaa^ of

laamiinij; is datominad by tho aqparleaead sioplicity of tha prooadores r«ialrad

for parfOJMsnaa aad hy thair parcoptnrl practloehllity*

3. uan aa indiTidael, rat or hOBbA, is confrontad with a taA, ha ihoas

an actiTity vbieh iBi.<^t be daserlbad as the selaotlon of a proca ore for its

parfojiaKiZic<»«

4* :ti^ ti<m9x^>\ prooadUira ha adopts Is dotennixie»d by his initial peroaptioa

of tha BQtttra >.f tha problant it is f jrocs rosponsa to a relntiTely ondiffar-

antietad si taction. .TobltaBS axpariesiead as similcur ara attacked by sinilar

procouoraa. In tha praaant iavaatigatlon, tho t^sks ooBstructed apon ein^Jlc

parslnonieas principlas, aad thus cjsasnble to r^arfomonoa by thasa iBnadiata

rasp Jxsds to tha sxom%9X aspaets of tha problcn^ vara laastarad in a fraction

of tha tisa raqulrad for the ler^xnixvc of tasks Tihosa perfonD(>nce neoeasitatad

bahATioor apaoifio to - rioas sa^BQCits of the sitaatlon.

5* Jiuuld tha first proee<lnra, the response to the gross sitaatioB. pr0fa

inadaqaato, tha task is differootiatad pweaptarlly into sagsMnta aaoh of

vdiioh Bsgr ba rolTod by simple proeadaras. The greater the ttiiid>8r of sab-

prebleBS iuto which the task onst b« difforsatictad and tha greater the

diflicultlaa of this differentiation, the loz^^r vill be the ti:ne roqoirad

for naatery.
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IMs itad^ aesoriboc an luTestlgatlon oX sone oi' th« faotort ttndar*

lyUC Uirfaroaeos Ic dUrflcolty b«t«o«B teiJca LnvolTlac tbe saaa or

•qoiviilunt motor bohaTioor. ha m<Uiod iavolTM th« o<MVCiriMB of

—Ohnnically •quivc^leaat tasks In tttnas of the tlas raqalrod for parfoi

or tha amber of repetitiona r»iulred for ieamlas*

lA ttio first of a serleti jx .>r«liAiiiei7 eaqperlmoats with hooRa sAjAOts

it was found that difforenoas in perfuxneaoe tiae betv^.i«c sach ta«t:s ner*

assooiatoii with the ways the tadca wore omeriaaoed by tho porfomsr* he«

thsQT ««re o^erienoed as similar teaks thv.^ boau.ed to l>o ^erfonied la eqasA

tlass. . . ol childrea who reeognized rote oatarial as T&rse were 7.ble to

reprouoce sore thaa twice as aaoh la delajeu ree<::ll as did ohlldren to «ft«B

it wes aoBsoase sterit^l* The tiae rerjairod by gradoate 8tad(»it8 for solatioa

of fiuniber sorios ooopletioa proiblsns likovise proved to be deteralBed by tfee

i£ulvidaal*8 concept of tho oatare of the task.

la a aeareh for more definite knowledso of this relatioaship betvaoi

the subject's eogperionoe of the task and tho tiae ha requires for its per-

foxBunce, oi^hty-ei, ht onlTersity stiadoita were asked to perforn aaoh of

three uiffaraut ocmoellation tasks* all of wMch re<^uired the cancellation

of the sejae aaabor of vjaiaoXn from the aaaa para^^ph of aterlel. Oader

these circusMtaaces the task idildi eoald be i^erforaed by following the

siiqple principle 'oanool all carrod linoa* t^s ferromad by the sabjeets

who disooTored the principle in only half the tiaw thsy requirea for per-

forndae the other tasks, whidh vrera aeohaaieally etiuiTuloit bat flccpsriSB-

tlaily store oonplex. Jvan after ninety trials over an interral of two auathst

this 'correg' tai^ wcm ;)erfo2wwd oa the auarega 26;^ faster thaa aaether
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taA la vhldt only <• agi^A «u differ nt. Ic a MBiral ooHparlaon of

sladlar oajucaLlatlon tasks it appearac turn Uielr rei&tlTe clffIculty «u

Aetejnlned by tho parslaoqjf of kh« priaciplaa aaottssary for i^arforaaaM

oad the p«««iptMtl prootio&blllty of thoeo nrinclples.

This l9p9tl!iesls proTad adaqoate for toa aaoorata prauiction of thm

relative difficulty to vchlte rats of Tariou patterns of tea aaatlMi

ardott J mazos. hose of tha al^t oasaa tested ^ich vara ooasiruoteu

un 8Xii()lc vistEd or spatial principles us *o«irx'^i patli alaays tdiita* or

*trae pathiMy alv^ys to the left*» ahich vara thus open to parfonvmea by

a single prooedore* vara *leamad* hy the aalaols in froa 6 to 10 trials, ia

contrast to tha 84 aad 46 trials raqairad by tvo groups to 'leara* tba

st&ndard LRRRLUHUi naze of the sajao Isagth tmA mibar of turns. ABOthar

oaza, supposedly iasolablo by rets* vas leamad ia 41 trials >a^iaa a Tlsaal

coa vas placed in the proper seotloa; and vaa learned by another graqp ia

6 trials ^fln the paroeptool promTnenea of the eoa vas Increased* /ji ia

the oazujellatioa tests by hVEta sak^Jeata, taaka ragairing tva piooadaraa for

perfonaanoa «ea« iatazaiediata in difficulty to sin^a aad aaltipla procadora

tasks.
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lA the Hdn bo<!jr of this Uxeslt it n«a MCB«atad tliAt oas*

l«^miJ3g ia depand«Bt opoa the p«ro«ptiial difrareatlation of th*

t&se Into aaoh ••gyaents as ars ludlTidaally aaanable to solatioa

by siaplOf parslBLOfiloas taethods of prooadora. hila ths avidanea

Sirtm at the tine is adequate Justifioatlozi for the conolaslon, it

•ppaare dasirobla to reL)ort the oorroboratiTa data, vhioh is so

•KtaosiTe tltet Its isclaaion in the origiiial report vas ioadTlsabla*

At pr«rioasly reporteu, tieo eoa^jfc^l'la groapa of vAxlta rate .veira

tyaiaad, Croagp 1 in a stoadard V BLI^?!LLR ardaa IJ aasa (!^aze B) and

Ctovqp XX in a spatially identioal ansa in ?)hich the blind all^s vegra

painted lAiite (Kaza £«^;)» After 4S trials the tiro sroopa vara shifted

to tho other cazo« Croap 1 to I- , i-oop II to £•

In Tlev of the tixae honorou (1), althou^^ often ohallaogad [2)

(3) (4) thJorjTt that r&ts "torn to klnaeaihetio caas and h^^bits onoa

the nase has been laastcrod" (4)« the perfozvEiAOO of Oroop II in their

first trl;l in the B au» was aatahad with oaosaal iatereat* ^hoso

aainols had ran 45 timea in the spatiolljr identioal h^ naaa. an

avaroi-e of S8 trials of oror-leamisg. i oriag their last 25 trials

thigr had been correct in 99,6]t of their ohuioes. If th^re is u>jf

teadamqr for relat^ation to kinaesthetio caea to take plaoe it ghoold

¥e SBBlf9St in saoh a ^rotqp. In any ease \«here the anisKl had toraed

oo^pletoly to each eaaa in the B-v muso it doea not seam illo^iool to

flKpeat a perfect erfoznance in the first attaa$>t at aauia fi«

Of the 13 anijKtls, one (l£22) did aBka sooh an errorless ran althoa^

•Tea iM ibo«ad a narted rise in perfoxnence tlna. 2he other anlaxvla
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md« fro!^ 4 to 2A arrora aaeb. It noat to ooft«lA«t«d tbet U« pairfc

of USB, la a rota lAioro the «ztr«<>«iRB« tlrall war* iiftailiart omi lafUoQft*

nothing kttt A«p«D(iaao« opon the uonaott faitirm of kotk »••• kh3iT spatial

pftttom. ""hore atill raminod tha ptoal^lllty th' t tho cth«r wntwBlo aay

haTO 1>ea« pr«v<mtad froa malof: the mhw iMtkei ^ dlatro«tlas f» loroa of

tha nmi altaatlon. If so, thoy 8ho«ad kftT« b»4« a tmplA iaproywaopt to

ern>rl<^fi8 firformanoo as ooon aa thflj bxwjio a«eaataRa4 to th*j now •ooultlona*

This did not ocotir. The median trial at ^loh thoj toar—j th9 A aas* «m

tha 45tht nhlle tho untrained ss'o^p 1 h&d net the saiH erltariott at th« 34th

trial. This voold Icdloate that 12 oat nf 13 rats ooald rot nm oorroetly

an IdflBtlo&l nase puttam order oifforent Bonsory conditions, orcn aftar

eonsldoimblo orerleamlnfc*

Howairer, enlnal li2Z had obYloasly r»m onded to pnttom or h« wmld not

hsTo boon able to ran nsso S without error on his first trial, it Is not

aeoassar^ to assoas, hovarrer* that such r9vr>oii99 to Hua iietiarn Isqpllae

klaaeathetlo control or that It Is the final stage In loamlac» At tha 40t]i

trial In naze B the first and second 8eetl«Ra of the oasa imre intarahaaged.

,... u . point 2^22 had made 73 oonsecntlTe orrcrlees mna, 34 In B^' and 8f

In nnze B« If tho porfonosnea were ocntroDed by kinaesthdaia tba alilft of

the two aections utxild hove had no effoet. If the perxorscmoe imar^ ooatrollad

in the aana way as it had becD ce his rlrat trip throogSi the masa the sMft

would have had no effect. In fcllovlaff the eorreet path in this LB21RLLHLIB

mmzm the first turn Is to thn laft tmfi t^e paaend to the ritfat. han tha

atartlne: box door i*as lifted the sjolaal, after hariag tnmea left at this

point for 73 oonaaoutlve trials, aov tonrad rlrht, Baklne: the
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tjfftvgrioXu to e«iioB t: iu Iti o:t)ox ^^oitiOA* li '-urn laeifl emAm

wlt^iMit hafiitiitiQii and o«rrl«d the ikalJi»al ««11 mrovLA to Ui« miA of

tbe all^* no th<m tarsad, met tc the entrano« to th« nay\ s««tiaft

I its fonwr , ift

.ui-^. . 10 ran wis m d« without error, or ino I^ 'ninmlf

•)r» la tho phiftftA 0A<iiions on t V,fc

ZUI&O lUi,u Qrr^)u m ii.iifi .~-rt (>i^ tiici ub^i; uir.i^ tnu ^j-oov~x..

IB addition ore other ftzdanl \riio cnatoaBrlXjr !>*<&• orrorlesa rtna odo*

thr«e errors farther on ir. tho naio. Cbo QOiM&l sBde a p«rfa«t r«i in

spit* oX the ohsB^. iho other 5 Aalanls aaaffootau by the shift

f«ilad to loam iha nasa*

Th9 ia^loationc of the9« r^salte w«» plnla* /ji tuiiait^

able to mn the mzo rlthoui. ui^i rf^-f.i i a..ukiuu<^ ones othu; than

poaiiUa propriooeptiTo onaa kad oobm to rol/ «p<m loouliiau cms in

his perfonnrnoo* The ^oiiuKla ablo «» raft iho shiftod s^atianft "Bithoat

•rr«r ««r*t with ana isxMptioii, owlifcila «ko iMd failaA to loam Um

Xa thit «aa« sriise lutmias tvp*-n to Vi eloaaly tuMoolatad «i1b tt«

' laamavl.iic' diffartsRtla^ioc •^•* the Tariaka ««oticna. Cooplota ^ittmno"

tiatl«n to tho poiat v4iar« %a« laHlividaal aaetion* ara elaarl/ diatis*

^fiuiahaA la not neeoas^ir? in this Mue« tst tHa taaiiaawy is for tha

diffaraatiation prMeaa to eoetlMM ta tkla point.

?hlc vimr «f HMi* Xa«niit(v; "* «iocT b"1 diffai^atiatioR fa la

foil iiftfuaaaiit ydxh th? findiaea 9t torrim, (5) lu his es^aallaat

tlfatloB t rmsa la^nilBt tj li— « a«t«|«o(s. H« roparta *fvo dironalasleal
•tagoa vara in enriuoaoe in th ious t>art ot tho loivrnla^* Iho mbjoot
aaa (pMnA !& Kio flrat faa tr^r^i* ^y F«QMr<^l aakiaae of oiyaottta,
ffftiaoA lAoB the «clt wa raaohoA for thu firat tia», Ua thaa feoad that
In ordav %e p««fool his roata a anl»ar of aoparata iO|paita» praaoMtiat
ap^oiul >^ohI]Kia, aoal ba stu(li«<i«** (ibid p. gfi)
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liertt the cross dlfXsregiitiation of 5«ii«j«l dlrootlon I'orriB

glTM as the first stacA Is adacioats for erfact ^^erforBBixoe, as in

the T.] 1 T.i4.T,7T.7. lasizs roportod in tho Uvjeia propor ( p. 45),err rlsas

p«rfomBiMM wf nftd* alvMt at onoe. of ths 9 r^ts tr^inad in this

asias, 2 iBCide no arrors after Ui . first tri^l ssd no aniiael entcr«d a

blind alltg tifter the t^iird trial. :hm aasos in s3iich tho correct patk

was diffarsatlctad by shads from the blind Qlleya so thnt the nas* ooold

be rtDi by the jparosptioa cf tho ganaral eblke or black pt^th vll'ioat

•paeifle raooi^itlcu of any soallcn cr tern VQr« elae nm ^^«rfectly Igr

SOBS aaiatls cai the saooid trial, oiid by the RKjorlty on tho third or

foorth.

in fitfindur& mji99t as 3» nore •cablets eiffer<3itlatlon vottld b«

a—

B

fc&iyt reooii^tlciXL of a&ch laia or at lacst of thoca toms diera a

ehaaga of •qasaoe takes placa. ihas Ix the 3 aazet

L r. A jJ L L J. i 1 21^341611910
tllittT critical tiu-ns -Jould be at aaeiions 2,bt7,8» and 10* Oaoe tlia

anlasJL haa 1»o»««a sxajn of a i^iMtl aad its c«&^<"-'l direction froai tiM

starti)^ boK the caiae nut be fC2rth«r diffareatiated into flTe a«0Beat«

or aab-|probl«nct eaoli one having for its ionsdlata goal the f iiidlag of a

critiaaj, seotion. Basalts pu)ili.:;had ky »9&mtKS (6) indioate that ahaa aaaii

a aritloal torn ia suoaaasfully mada (here is an abrupt deoraaaa la enrova

la ttaa iiwsHdiataly follaaias aaotioaa* ':h« aalaal has >y the naaaaafnl

coBqplotlon of one sab^aak eotton a fresh start for tha next*

la say maze tho uiffarentietion cf t e gfieX out of the situation is

lixiioa%ad biy t^j IresHndoos dtop in parfooKinoe tisM of the aaooad trisl

as aoaparad with tho first* 2ha oarly dls«oTexy of the ganaawl Alraetion





of the food lax !• Arldonood In anl-lrootloadl bbxmi b.v the

la retrace*, retrmciag boia^ xnrol^ taaaa carter tae fifth or olzth trial (?)•

is of thv) Clitrltutlon of or^ors amt&M In the varlotts seotloas of

OBCze ^ rATiY'Lu-Ay ^^ot^^. r;- nvrrscslyo <llffortmllnt Ion Into

Krrora Per ifcotlca, Uax* B*

GroiQ) 1

Gro«q> II

rial
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eri-'jrs aro ua« to antlcipctiou of tlia ohaa^^ in ••qocoo**

Tho close assoelotion of th« •rror* with tho x)Ostjlat«d oraclal

•eotlottB boeomttt ataoh mora tlniifiocmt tshen «• eonsidar the resalta

o-atQiiied, by . ^nulB in his xziTesi.J., (ion oi the; proprioosptiTO obllit/

of idilte rets. Leonls (9) trained lete to ran oa a saooth sorfaoe fron

a stertlRf; box to & ladder six feet mmj, hs rats -mrm then blizuLed

and, rouaxz^; anaer sapposeuly proprloeoptiTe oontrol, made an aTersge

error of 20;;^ in dlstimoe, tendii^ to stop and circlo before reaohlaff

their cbjeetlve. The type of error ondo In oar oase la, then, ouotlj

the typo trhich ;!;ouIu be nuae Qy ra.ts sookijqc the oriacl'al lams bj > :is

Of proprloceptlvo cues. The imtUmaf is to ander-nm the objectiv

the sreetest ;«r0entage of error is rrc.de in the section where this irosld

lecid us to expect It, the seotloB e&LLi_ut; the longest directloaal se^aenoe*

:ho greater tenaenoy to enter the seotions Just preeeding the critloal

one Is the result of a pereepta&I differentiation of tho problsB, aad is

not In evidence in the etrly rons* In L^roup 1 only 46.^ of the errors oi

the 2nd ran were osede in saoh seetlons; but on the 22nd trial 90 ! of the

errors were 1a saoh poeitlons| and on the 46th trlul 100>* The oorree-

ponding peroentages for Group IT are S^,% 67,», end lOO.:^*

:he suae indloations that the enlaeils have differentiated the «••

into five or more sift-tasks is to be found in the record of errors oed*

by sevdateen anlaels on the last ran in wMch tliej made errors:

Geotlon 1^5*167^910 Tctal

I>ron 4 19 6318 29

27 of the 29 errors are aede Jast before the 'critical* eeotlone. ?hls

grouping sufgeats that the differentiation into sab-^problons is an
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••ontUl pBri of Uo process of louAlas thm mso. Onea this It AgM

ths lasa oaa ba nM vlthoat arror by the further dlffar^otletioa of tha

anwlnl seotloKis 2, 5, 7, 8, and 10 to the point lAara thay sjra ranogaUoi

by dofiulta OMO. rhat thaoo 0M« aaj b« proprloeaptlTa la shova by Uo

sQooaaa (tf aoiM asteala Ic •eptiatias tlM toaaa when the aaotloaa had boas

shifted. In addition to tha pawOiaHaM of tha tvo anlaals In croap II

already sMtttianadt ooa aaiaal In Groap 1 tao able to ran the inxa lAvn It

hod baaa shifted, six vaaka after his last -^raotloe. The arldanea io quite

definite, hwever, that the best poafMBMra oaaa to raooSBisa the orlti«a

seotlona by axteroeaptlTo ooaa. Of tha aniaala undisturbed by tho shift of

aootlona 1 and 2, aentlonad abore, only cm anlaal had learned the case.

inlvd F20, the aiMt dajaainhle of aroi^ 1, xiada 25 eoaswativo crfcct runs

In naaa 2, and then 46 errorless noM in tsase B-?7. hen she vaa tested tv«

vaaka letar lu the B siaaa with seetieos Alfted Ae made 7 errors. Har

tralnine aaa ooutinned for a aotloci piatBre aeaMaatratlon and she aad«

arrors at aeotions 4 and 9 In aa* oT the three trials, .mother anlivd

in tho dCBK»stratio& perfoned in almllar fashion, 'iho pejraeptoal diffei

tlatlon of the inLiiridaal seotlona beinc iu> loacar affectlTe beoaasa of the

Bhift, the anlnals fall baek on the anteoadant snb bt« differentiation*

If the chief difficulty of mm leaning la, aa this lands us to sopMM,

the peroeptaal dlffarentletioB of the crltleel toma, any cmb placed in th^

vill aeoelerate the laamlnc* Sjiwag (6) ran 4 reta in a alton U awwaui
pattern and found that none of thM laamad in 100 trials. In the last flTa

trials 12 of the 15 orrors wera nada just before the cmcial last seotion^

To InfestIjj&te the effect of Tisoal oMa wa placavi white crr^yon in the tenth

aeetlon of a arden U aua IT.I.T.T.1,1 1,TB. All of the 8 rets used had folfiUaA

tha criterion of le«iniin£ (3 perfect runa out of •* trials) by the 69th
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trlbl. ben ths cae was «B|)liaals«d l>y plaoiag e •etlon hovlac * «hi%«

l>lliid alley in the oroolal positloa all 4 of the rata tattad laajmad vlthlA

« trials.

Analjrais of laaxning and arrors In sororal nasa aKparlmnta indioatat

tliat naxa laaxninc Is a process of laoraaaiag Oiffarentiation fron tha total

sitoation dorififi; Tihlch the nasa is first porcalTod as a ^lanaral path to tba

food-bOK ond Is then diffaroctlatad into solb-aBLsaa ahosa solatloa is d«

dent opon the farther diffarooatiation from one smother of their o<

saatioBS or turns. This hypothesis is supported by tho faet that

ooustruotod that the find cocsplato ^Ifforontiation of parts is either aided

or is umeoassaryt are louixiea aaoa £x9re aasily than standaiA oases of tha

aasts leniTth aM noabar of tarns. ~e here already shown in the wain bodj of

the thesis that when Uie adequate ros oose sey be oada, not to the indlTidoetod

parte of q si taction but to u gansroA feature or principle oi' the task, lo i :^

takes plaoo iraub. fristor than when the Indlvidaatad respcoise is raqoired. :he

Ifl^lieation is that the less ooaplete indlTidoatlon Is prior in leaxxLiagt *
it Is in perMiptlon (iO)*
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