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sUMMARY

The thesls beglns by deflnlng the meanl,ng of concept

and concept learntng. A taxonomy of concepts ls auggeetedt

From r¿hlch the famlly of nornlnal concepta ls chosen for

ctetalled lnveetigatlon, and fn partlcula¡ thoee nomlnal

concepts bEsed on the ruleE of conJunctlon, tncluslve dlsJunctlonn

condttlonal, and bieondltlonal. Tr,ro aspects of concept

learnlng a¡e dlstlngulehedl attrtbute ldentlflcatlon ln

¡¡hlsh the subJect le glven the ¡ule re¡.evant to the concept

and requl¡ed to flnd t'ha attribute values uhlch are comblned

by thls ruLe; and rulE Learnlng ln r¡¡hlch the subJect ls

glven the relevant attrlbute values and set to determlne

the rule. An lnveattgatlon of the effect of the rule on

the dlfficulty of concEpt learnlng ln each oF these turo

taeks forms the maJor part of the theeie. Thls vartable

ls conaldered alongslde a numbet of other varleblee ùrh1ch

have besn found to Lnfluence perfsrmance ln conceptual tasks,

A ¡evler¡ of experlrnents conducted by other ulorke¡e qnd

en analysls of the resulte of experlmenta reported Ín thle'

dissertatlon lndteates that the effect of conceptual rule

ln attrlbute identlflcatlon lnteracte ulth the type of

lnstances Bncquntered by aubJecte durt ng J.earnlng. In

partlcular, the type of lnltlal lnstaneÉ seeme to play
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Bn xmportant rore ln dete¡'rnlnlng ettrlþuta-ldentlflcatf.on

dlfff,culty of different types of concepts.

A atudy of the p¡ocEBB of concept ldentlflcetlon ls
made beglnnlng uith the ulork of Bruner. Goodnou, and

Austln (1956) on etratEglee, A crittque of thle u.urk

ls put foruard and alternaÈlve approaehee sonslde¡ed.

It ls concluded that ldentfftcatlon of strategl.es ln concept

attainment ie not posalþle r¡¡lthout recourse to subJectlve

reporte. ualng thls method an ettempt to slaeelfy strategles

folloulng extenslve t¡alnlng on attrlbute f.dentlflcation

fos four conceptual ¡ulee ts made. The lmpllcatlsns of

the type of etrateglee employed for the effect of aids

to memory on performance ãrE eonetdered 1n tr¡o experlments

ln uhleh the form of tha memory ald 1e varl,ed.

Hypotheale-testlng oF troncept-centred approaehae ts

concept attalnment are dlpcussed ln tuo parts - sanpllng

and evaluatlon of hypothesee. Flqet research ln ÈhE llteratu¡e
on hypothesis ùeatlng deale u¡lth eampl"lng and a ¡evler¡ of

thls uqrk ls made. 0n evaluatlon¡ the comnronly accepted

lnformatlon-processlng model ls c¡lticlEed and reJected and

an alternatlve statlstlcal declslon modEl ls postuleted.

Experlmente lnveetlgatlng the numt¡er and type of lnstantrEã

eelected ln evaluating an hypotheele support the model

propoeed. The lole of memory ln hypothesls testlng ls
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cqntslde¡ed and En Bxpellment eho¡ra dlffsrentlal ¡asall

of va¡loue ¡ulse and also of posltlve and negatlve lnstances.

These flndfnge ere lnterpreted es belng due to differances

fn the eese of cLaeslfylng fnstaneee¡ aE posltlve or negatlve

fo¡ the dlfferent rulee.

In ¡ule-learntng taeke a revleùr of the lftereture

suggeete a eüable older of rule dÍfflculÈy except for one

study ruhleh dlffers from other etudieE prlmarlly ln that

the selectLon proeedure ls ømployed. ån axperlrnent ualng

the selectlon procedure ie deslgned to repllcate thle flnding,

l¡ut falle to obtei.n an order of ¡ule dtffleulty urhlch la

any dlffe¡ent frsm that typlcally found ln othe¡ studles.

Poeelble accounte for theEe rule dlffe¡entrEs asa aoneldered¡

the moet probable accqunt eeemB to be ln terms of e etrateglc

tendency touarde eonJunctlon. Impllcatlons of rule-learnlng

and attrtbute-identlfl.catlon etudlaa for complete concept

Iearnlng, ln uhlch both rule and attrlbt¡te values are unknoun,

are Ê¡EsBseEd. The usefulness of the flndlngs from coneept

Learning studlas for expll.catlng problem solvlng ls alEo

dl.ecueeed, urlth speclal reference to thE eolvlng of

¡nathemetlcel groupa (Jeeves¡ lg68).

Thle r¡erk hae essentlally been coneetned r¡tth aspecte

of lnductlve reaeonlng. FlnaIIy¡ a look at deductlve

reasqnlng ls taken and the appllcablltty ef propoettlonal
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Iogtc as a nodsl of hr-Euen perfomance Gonsldercd. Eeveral

dleorepancles betbJeEn ühe loglaal model and perfsrmðnee aae

noted uhlch euggest msdlfleatl,onr requlred ln the modpl.

The problern generally urtth euch e taodel Eesms to Þe ts flnd

Itngutattc exprceelons tohlsh are equt vslent ln ereen!.ng üo

the loglcatr operatlona.

thE theefe eonsludee by esnslde¡lng eome gcneral directlone

r,rhl.trh future reeearsh may follor,l, The lmpltcstlona dlEcueaed

arE ùaken from s csnelde¡Et[En of th¡ role sf rulea ln Ecoounts

of reaeonlng and sonceptual behavlour.
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EHAPTER 1

Af! INTROÐUCTION TT A STUDY T]F EONEEFTUAL BEHAUIBUR

Enncdpts and concept learnlnq

In experlmental psychology the uord rrconceptrr has a

sumer¡hat dlfferent meanlng from lte everyday eonnotatlon.

0rdinarily ue may use rconeeptrf to ¡efer to an ldea, a mental

lmager BT an absùract state of affairs. In psychology ure say

thet rra concept exists uhenever tr¡ro or mtrre dlstlngulshable

obJecÈs or events have been grouped or classlfled together

and set apart from other obJeets on the baels of some Eommon

feature or proFerty charecterlstic of eaÊhrr (Elou¡ne, 1966).

For example, the concept trFh,D studentrt j.ncludes thoee people

en¡olIed at a universlty, r,rho are candldates fsr a postgraduate

rlegree uhere that degree le the degree of Doctor of Fhilosophy.

It therefore excludes aII peaple not enrollerl at a unlverslty,

all universlty studenta not taking postgraduate etudfes, and

all postgraduate atudents not candldates for the degree of

Dscùor of Philosophy. A concept ls theref¡re a basls fsr

grouping or classlfylng objects or evente together.

The ablllty to conceptuallze confere several advantages on

an Brganlsm (Bruner, Eoodnou, and Austin, 1956). Fl¡etly and

most importantly hy categorlzlng ae equlvalent dlscrlmlnabl.y

dlfferent events, the indlvldual 1s able to reduee the complexlty

of his envlronment. tdorkere in a number sf dlffe¡ent areas sfl

psychology have polnted to a pntnclple of economy ln much of
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human performanseo For example, Attneave (1954) hae suggestgd

thatna maJtrr flunctlon of the perceptual machfnery is to etrlp

auJay some of the redundancy of etimulation, to deee¡lbe or encode

incomlng lnfcrmatlon ln a fÐFm mo¡B economlcal than that ln uhlch

1t lmplngee trn the recepts¡s.rr Likeulse, Oldfleld (1954) and

l'1lller (lgEÉ;) have observed that many messaBes ¡¡ould be heyond

Eur caFaclty to recal.ve, processr and remembe¡ lf they uere nnt

recoded lnto a morg economLcal form. It should be noted that

the act of categorlzlnE Is not the only method avallable to the

organism for ¡edueing the complexlty of lte environment. Uelford

(1968), Eerlyne (1965), and Posner (1964) have all referred to

tuo procesaes r¡hlch have thfs effectlve outcome: Bne of theee

1s conceptuallzlng or codlng or abstractlon; the other iE

selective attentlon. i:Jelford puts lt thle uay: rrThe protrese

of organlzlng and grouplng lncornlng data may be thought of as

the at¡st¡aotion of constants from the tstal mass of data presented

in space and ove¡ time, togethel r¡rlth the selectlon of some data

as domlnant and lmportant uhlle the rest a¡e relegated to the

i:ackground and more or lees neglected,tt

Bther beneflts confer¡ed on an organlem by the al¡lllty to

form concepts follo¡¡ from thLs prlnclpal edvantage. Thusr a

second advantage is that it providee the means by trlhlch Èhe

obJects of the urorld about us a¡e ldentlfled. Thirdly, the

establlshmsnt of a concept baeed on a set uf deflnlng attrlbute

values reduces the neeesslty of constant learning. Fourthlyt
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it provldes the dtrectlon for lnstrumenùal activlty, For

example, to knou that a substance lsrrpolsonE le ts knor¡ in

advance eþout appropri.ate and lnappropriate actl-ons to be taken.

Flna1ly, categorlzing permite the opportunlty for the orderlng

and rel.atlng of clesses of events duE to ove¡lapplng Þetueen

claases ae, fol example, beÈ¡¡een namokerr and rtfirerr.

F¡om the foregolng discussion, 1t ahould already be epparent

that an understandlng of the r,ray 1n uhlch organisms form and

use conoepts r,rilL heve appllcatXon to a r¡ide range of behavlour.

The pertlcular otgantem selected fer study ln thls thesls Ís

rnãnr Thle 1s not meant to lndtcate that Io¡¡Bl organisms are

unable ts form concaptsr even thouqh thelr abillty ts do Bo has

been doubted by eome urtiters (CIsgood, L953¡ Huntr L962).

Indeed, the exlstence oF a strlct dlecontinulty betr¡leen man and

other anlmals has nsü been eatLsfacto¡tly demonsùrated. Most

studles ln urhich anímal subJects have been used to categorlze

a eet of stlmull have been placed undEr the headfng of discrfml-

natlon Learning. l4lntsch (1970) has polnted out that the

operational definltlons of stlmulus gene¡alizatlon 1n dfsc¡fmlnatlon

Iearnlng experlments and sf concept ln concept learnlng experlmente

a¡e identlcaL, namely, the E¡amB resFonse is made üo a sst of

dlscrimlnably different stlmull. 0n thls deflnltl.on, animals

cen certalnly lea¡n concepts, Ene early attempt to compare

coneeptual behavlour ae Lre as¡eend the phylogenetic scale r¡as

made by hendler and llendter (1962). Eenerally, houeverr llttle
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comparatlve ¡eaearch hea been carrled out ln thle area.

Therefore, r¡hlLst recognizing that trtrrreeptrndlng behavlour

may be found 1n l-or¡er animals, thla thesis u111 be devoted

entlrely to the study of conceptual procese¡ee ln humans.

Ene aepact of hun¡an bahavlou¡ r¡1th r¡h{eh conceptual

behaviou¡ le frequently assoclated ls thought. The fact

that there le no generally accepted deflnltlon of thlnklng

makes lt rather dlfflcult, If not lmpoesfblar to determLnÉ

the preciee natu¡e sf the relatlonship betu¡een the turo behavloure.

Nevertheleas, th¡ee ktnds of connectiona have been postulated.

The ftrst ls Harrels (1966) assentlon that rreQncepte are the

vehlcles of thoughtrt. That ls to sayr thinklnq conslsts of

the l.inki.nq together of a number of concepts. Preeumably,

an understandlng of the peychologlcal characterlstlce lnvolved

in acqulrlng and using concepts should ùherefore contrl þute

touards an understandlnq ofl thinklng. To dater thls klnd of

notlon has etimuLated very lltt1e ¡eeearÊh. Thls does not

nec""åu"lly mean that an approach þasecl on lt mlght not thror¡

important ltqhü on the nature of thinklng. Rather lt could

he taken to mean that present knouledge of conceptual ProcEEseB

1s lnadequate. A secnnd connectlon ulhlch hee ¡ecelved

conalderably more attentf-on postulates that the process of

attalnlng a sonÊept lnvolvee thouqht. Thus, Þy analyzlng the

pattern of responsea made by a subJect seeking to attaln a

concapt, lnferencea aÞout the nature of thinktng ln thls situatlon
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may be drÊu¡n. Regularlties observed ln reeponding are called

strategles and strme conslderable effort hae gone lnto ldentlfylng

them (8.Çlr1 Bluner, Goodnou, and Austln, f956), A third

proposal comes from Bourne (1969) r¡ho argues that rtany partlsula¡

behavÍoutr ... ls recognlzably conslstent ulth and instantlates

a rulerr. BournB Buggests that the hlghly organlsed natu¡e af

behavlou¡ ls an lndlcation that euch behavlou¡ ls ¡ule-follor,rlng,

lrreepectlve of uhether or not the lndlvldual ls aua¡e of the

rule. l4o¡eover, he euggeste thEt the study of concaptual

t¡ehaviou¡ preaents a frultful. method of dlEcoverlng some of

these rulea and the dlfftculty subJects have ln learnlng and

uslng them. Since many of these same ¡ules have been ldentified

ln human thought by loglcians, the flndlnge from ctrncept experlmente

may pxove useful ln accountlng for thlnklng behqvlour. This

proposal le offe¡ed by Bourne Êa an alternatlve to underJ.ylng

pxEcBEB descrlptlons of behavlour, uhlch form the eecond postulated

cunnectlon between contrsptuel and thlnkfng Þehavlour. No

attempt r,rill be made here to make a declalon as to urhlch alternatlve

is ltkely to prove the most frultful. DlgcusElon of both of

thesa approaches ulll be contalned In later chapters and it r,l1l1

become evldent then uhlch ls preferled.

A ta>ri,n¡:my of conceptual qroupfnqs

Juet as the number of obJects and evente Lrhlch may be

grouped to fo¡m concepts Is tnflnlte, so therefore ls the numher

of concepts able to be formed also lnflnLte. Before any
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feaelble approach to an unde¡standlng of concaptual prtrtrBsses

becomes poselble, lt 1s flrst of all neceesaxy to attempt soma

classiflcstlon of concepte themselves.

Accordlng to Harre (1966)r phllosophers have employed turo

eystems fo¡ classlfylng concepts - cateqorial and hie¡archl.cal.

The categorial taxonomy orlgLnated ulth Aristotle, ruho asslgned

concepta to va¡lous categorlee sush as Substancer Attrlhute,

Quant1ty, Quallty, and Relatlsn, dependlng on the klnds of

questlons r¡hieh mlght properly be asked about anythi.ng. l{ant

devlaed a dlfferent, but etlll categorlal form of claeslflcatlon.

In hls verslon, lt la the kinds of propoeltlonal forms o¡

Judgmenùs that are poselble on r¡hlch the taxonomy ofconcepts ls

baeed. The hle¡archlcal classiftcation, on the other handt

aeeka to arrange concepts lnto dlffe¡ent levels depending on

their explanetory ptruer. Thus, hlgher levels conelet of

concepts r,rhi"ch are based on other ctrncepts from a loule¡ or mora

fundamental LeveL.

The msst appropriate methcd for claesffylng concepts 1n

conceptual tasks Beems to involvB a conblnatlon of these tüJo

systems. Easential.Iy, thia app¡oach dlstlngulshes betuleen the

relevent stimulus dlmenslons and the rule relating theee stlmulus

dlmeneions, and attempts to devlse some scheme for placing

dlffe¡ent ki.nds of rules lnto dlffarent categories. t¡Jlthln

each of these categortee, a number of rules appear and these

may be found to be ¡elated ln en hlerarchf-ca1 mannÊr.

Adams (1953) has lnlttatad such a taxonomy ulth hls
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suggestlon that concepte may be classlfled ln a similar manner

to the r,lay ln r,lhich Stavens (195f) classlfied measurement sca1es.

Depending on the ¡elatlonehip betueen values on the relevant

stlmulus dimenelona, concepts may be nomlnal, o¡rllnal, lntervalt

sr ¡atio. Thug, nominal concepte are formed according to a

rule for arranglng observations tnto equivalence trlasBBB, such

that obee¡vatlons fa}llng lnto the same class are thought of ae

qualltatlvely ùhe same and those 1n dlfferent claesee as

qualltatlvely rllfferent ln esma rBBpBct or respects. - Nomlnal

conoepts may be afmple¡ |.el., havlng only one feature ln trommtrnt

or complax, 1.8. I havlng more than one featu¡e ln common' Thust

for example, rrtrianglert ls a almple nomÍnsl concepÈ defined by a1l

3-sJ"ded ehapes. 0n the nther hand, rrred t¡langlerr le a complex

concept speclfying the Jotnt Fresence of tt¡u chatacterfstlcsr the

colour red and the number of sldee three. 0rdlnal concepts are

deflned by ordered relationehlps betr,reen the stlmuLue attrlbutee.

For example, an rrlsosceles trlanglerr iE an ordlnal concept ln uhich

tr¡o of the sides of the t¡langle have the eame length. Slmllarlyt

I'an obtuee trianglsr' ls deflned by the fact that one angle Ia

gteater than 90o. Intexval and ratlo concepts conslet of

mathematlcal or functional BXprBEEltrns t¡hlch ptescrlbe BomB

numerlcal reeponse f¡om a glven set or ests of numeri-cal stlmulua

valueÉ. An tnterval concapt dlffets frtrm a ¡atie concept

atrtrtrrdlng to the partlcular seale of measuremEnt on uhlch lts

stlmul.us and reaponse values can be lscated (see Stevens (1951)

for the dletlnctlon betr¡een lnte¡val and ratlo scales)'
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The present investlgatlon, like moet studles of human Eonceptual

Þehaviour, r¡itl be conoerned r¡1th nomlnal troncepts. Relatlonal

concepte have received some attentlon ln recent years ln the

uork of Hunte¡ (.t957>, Huttenlotrher (1968), Dø$oto¡ London, and

Handel (1965)r and Ëlark (1969) on three-term eerles problems.

f4athematfcal concepte have been Lese eyatematlcally coneldered

but prellminary studles have been cunducted hy UhI (1961)t

Restle (1970), and $candura (1978).

Nomlnal conceptusl rulae

t¡lithin the family of nomlnal coneepts furthe¡ claselflcatlon

le poseible. For concepta havlng up to tr¡o relevant attrlbute

values, ten dlfferEnt loglcal rules for grouplng stimull may be

idEntlfied (Huntr I96?i Nelsser and LrJeene, 1962). To llluetrate

these ¡ules, conslder a uell-deflned, multl-dlmenslonel- stLmulus

populatlon fn the form of an array of geometrlcal deslgns

characte¡ized by varlatlone fn ehape (square, cllcle, ot cross),

colour (red, green, ol black)¡ number of flguree (uner tuû, or

three), and number of þorders (none¡ one, or tuo). Suppoae

tr¡o of theee attribute valuesr BÉV, rednesa and aquarenec¡Br are

arblt¡arlty designated as relevant to the concept. Fo¡ nominal

concepte, etlmull are dlvlded into tuor those uhlch are membe¡s

of the concept, celled poeltlve lnstancea, and those uhieh a¡e

nst membele of the concept, called negatlve inatancear L.B.r

there le a blnary reeponae syetem.

Slxteen blnary partitlone of thle stlmulus populatlon are
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poEBlbIE. 0f these, tu:o ale tri.vlal because they place the

entlre populatlün lnts either thu positlve or the negatlve

category. fn additfon, the¡e are ftrur palrs ln r¡hlch the

parÈltlonlng Õfl the stlmulua populatlon for each palr folloulo

the eame ru1e, r¡lth only a change In the attrlbute valuea

dfstlnguishing each member of the pai.r. TBn differentr non-

trlvial rules remaln and these fall lnto flve complementary

palrs having the property that any instance uhleh ls posltlve

for one member of the palr la negatlve fo¡ the other. A summary

of these rulae ie glven 1n Table I !n the form of a truth tablet

r¡¡hlch shsh¡B the state of each rule on each sf the four posslble

stlmulus contingencles. The truth (T) or flalslty (F) af a rule

signifles a positive or negative lnatance respectively ¡ the

truth or falelty of an attribute value slgnlfles the Fresentre or

abnence sf that attrlbute value in the stlmulue.

It r,rill be noticed ln Table I that each of the ten rules hae

been given a Eìymt¡olic deacriptlon. These descriptions are

rlerived from symbollc logic i.n r¡rhtch they rep¡esent connectlveg

having the same truth-table function. In loglcr theee

connectives have begn asslgned namBs and conventlonal verbaL

expresslons have been adopted to desc¡lbe thelr opelation.

These sams descriptlons have been employed ln studles of concept

learnlng and a Eummary fn terma of ou¡ tun relevant attrlbute

valuasl redness and equarenenär mBV be fuund In TabLe 2.
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ALeo 1n Table 2, alternatlve logically equlvalent

expreeslons have been provlded for eome of ühe rules uith tha

ald of DeMorganls laus (,leffreyr 1967). uslng theee laust

Nelsser and [Jeene (L962) have sugqested that rules may Þe

hlerarchlcally claseifled auch that slngle attrlbutt¿ value

concepte make up the louest Level, tllth hlgher levels belng

fsrmed flrstly, from the supposedly fundamental. operatlons

of conJunctlon, lnelusive disJunction, and nagetlon, nnd

secondly, comblnattons of these fundamental ¡ules. It should

l¡e understood here that these same laurs rnaks It posslble aleo

to fo¡m dtffe¡ent hierarchles. For example, 1t Is posslble

to adopt only conJunctlon and negatl.sn ae fundamental operatisns

eo that hlgher levels are tromposed of comblnations and multi-

plications of these rulÊs, lJhichever hlerarchy should l¡e

accepted is an emplrlcal questitrn and more r,llll be sal¡l on

thie later. For the PIesBnt, lt ulltl auffice to observe that

concepts may be hierarchlcalty arganised t¡lthin a categary.

State of
attrlbutes State sf conceptual rule

cu Complementary ruleR

1U5

T

T

F

F

F

T

T

F

ï
T

F

F

T

F

T

F

T

F

î
T

T

F

T

T

T

T

T

F

T

F

F

F

F

T

T

T

F

F

T

T

F

T

F

F

F

F

F

T

RnsR R.rSlì.¡5RUS RtsR/5R' RflE

tlaslc rule

TABLE 'l Truth üablE for ten diffe¡ent ru1es.
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Thle diesa¡tatlon alms to lnvestlgate eome of the

payehologlcal differenoee Þeùueen these rules uhen eubJects

are required to lea¡n concepte !.nvslvlng them. Before Euch

an investlgatlon can þe properly undertalcen, houleverr an

appreclattun !a ngÊtsaaary of some of the varlables preaent

ln a conceptual task. These ullll be dlscuseed [n Ehapter ?.



Name

Affirmation R

0onjunctlon Rf\S

EOMFLEMENTARY RIJLE

Symbolic
Descriptlon Verbal DescrlptionUerbal Description

A.Ll red patterns are
examples sf the concept

All patterns r¡hich
are red and square
are examples

AII patùBrns u¡hich are
red or square or þoth
are examples

If a pattern is red,
then 1t must be a square
to be an exarnple

Red patterns are
examples if and only if
they are squares

BASIE RIJLE

Inc]'usive
disJunctlon

Symbolic 1

Descrlption

RU5

Name

Negation

Alternative
Denlal or
DisJunctive
absence

Joint
Denlal sr'
Eonjunctlve
aþsence

Exclusion

AJ.I patterns r¡hfch are
not red are Êxamples

AII patterns ruhich are
either nst red c¡ not
square are examples

AII patterns uhlch are
neither red nor square
are examplas

All patterns r¡hich are
red and not square are
examples

AII patterns uhlch a¡e
red sr square but not
þoth are examples

R

RIS

tn-ugl

R15

tF¡E'l

RnSf,ondltlonal R-S

Inusl

Blconditlonal ßå6

t (Rns)u(-RA5)l

Exclusive nU-S

disjunction- t(Rrr5)u(fi-nã)l

1 R and S stand for red and squa¡e (relevant attributes), respectlvely. Syrnholic descriptions
using only three baslc operatlons, 

^, 
U, and negation, are given in bracketg:

TAfl-E 2 Eonceptual rules uith thelr symbolic and verbal descrlptions (Frorn Haygood and Bourne, 1965).

F
¡\)
a



IJ.

EHAPTER 2

UARIABLES IN OONOEPTUAL TASI{E

Esaentlally, tho experlmental paradlgm for the study of

conceptual behavlour lnvoLves the preeentatlon of a eet of

dlscrlnrlnably dlfferent stlmull to the subJect utth the

requlrement that he make one af a fixed numhe¡ of dlscrete

classlflcatory DESptrnEtse fsr eËch Btlmulus 1n the aet. $lnca

the number of ¡Esponses avallable ls aluaya leae than the numþer

of stlmull tn the set, the suÞJect must reapond to dlffarent

stl¡null ln the Êame manngr. The taek ls to dlscover the

ruLe accordlng to rrlhlch responsBE BtrB aaslgned to etf.mull.

A numbar of varlebLes have been found to tnfluenee the sublectle

performance on thls task.

StlmuluE materlal.

Probably the moet commonly ueed stlmulus materiala Ln

conceptual taaks are geometrical dealgne, typlcall.y prlnted

or drauln on ca¡da or photographed. OrdlnarlLy, theae vary

along r,¡Ell-deftned dtmenElons euch as coLour and shaper each

dlmenslon conelstlng of a flxed number of levels or values.

The prevalence of thel¡ uee ln experlmental studlea may be due

to thelr s1mpllclty, famlllarlty, and htghly dlmenslonall¿ed

netu¡e (Bourne, 1966), but no etudy has aystemaÈ1ceIly cnmpared

them r¡tth other klnde of meterlale leea frequsntly employed.
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Among other stlmulus materlels usad are strlnge of Lettere

(e.8., Nelsser and ùJeene, L962) ln uhlch each posttlon ln the

strlng may have any qne out of a speclftad pool of consonants.

Uther studies have utlllzed less ebetractr more concrete

materfala. One sueh lnetance tromee from ùhe experlmants of

Unde¡u¡ood and Rlchardsqn (1956 a; 1956 b) urho requlred subJects

to cLaeslfy the namee of sommon obJecte by some adJectlvet

deecrlptlve of senBErV lmpreeeiona Broueed by the noune.

For example, ttþ¡1s6rr; rrtotrthrr, [trhElkrr, and rrmllkrt may Þe grouped

together by the adJectlvaL concept, rrulhltsrr. Uslng verbal

mete¡la1s lnt¡oduces En addltlonal varlable, namely, the

etrength of the asaoclatLon betueen the stlmulus noun and the

adJectlve TEspBnBer Undert¡ood and Richardeon have callb¡ated

a restrlcted ltet of nouns and aseociated adJeetlves in terme

of thfs va¡iable urhlch they have called rBBFonse domlnance.

Thls callþrated mate¡lal uas then used to explo¡E a poseible

relatlonshlp betu¡een domlnance and opeed of concept learntng,

Ae one uould expectr lt uras found that the htgher the domtnanoef

the greater uas the degree of learnlng. Eolernan (1964) hae

sfnce repllcated thla flndlng. It r¡¡ould seem that rseponse

domlnance provi.dee a msaeure of the strength of preestablLshed

conceptual relatfonshlps.

A compartson betueen abstract and thematlc stlmulus

materla].s has been rîada by Erunar, Goodnour, and Augtln (1956).
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The naturs of the thamatic materlal uas such that lt could

l¡e easlly dimensionallzed and that it should be suggeetive

r,¡fth meaning, rrevocatlve of a Lj.ttle story ox themerr. The

result of usÍng this form of stlmull r¡as seen ln that the subJect

tended to adopt hypotheees about the posstbLe gruuplngs uhlch

eeemed raasonable in the tight of tl're eVoked theme. Ploteovett

r¡1th thematlc material moIE than ¡^llth abstract materlalt

certaln attributee tended to, take on nonratlonal irnportance

eo that the suÞJecüa hypotheses seemed to be formulated

- around them.

Stlmulus o¡esentation proceduree

Tr¡o dlfferant procedures exlet for presentlng stlmu]l

in cOngeptual taske ! a xeseption procedure and a selectlon

procedure. UJlth the receptlan procedute, lnstances of the

concept arB uBuE¡lIy preeented sutrtrBea5.vely to the subJect ln

an order r¡hlch has been predetermlned by the experimentet.

After each lnstance ls presented, the suhject fs required

to categorlse tt as pooltive (1.e., an instance lncludad by

the deflnltlon of the concept) or negatLve. Informative

feedback lE then provlded by the Experimenter En uhether

the subJectrs classlflcatory IÉEFonBF bJaB ctrmetr'b o¡ not'

Then the etlmulus 5.a removed, a neur trnE prÉBentedr and the

same protrsss repeated, Some varlatlons f¡om thle baalc

method Ëre BtrmÊtlmes Used. flne ls to employ a slmu].taneous

presentatlon method ln u¡hich eubJecta axe pÉrm|ùted ts see
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all stlmulus patterns at once lnstead of successively. Thle

has thE effect of simpltfylng the task, because lnfsrmatlon

from prevfous t¡lal.e does not have to be retained ln memory

(Hovland and lrJe1ss, 1953), Another le to requlre the subJect

to make an addltlonal reaptrnae ta categortzlng the preoEnted

etimulue. In thls caee the subJect is asked ts atate E reas¡on

or hypothesls for the part'lcular category chosEn on eech t¡tal.

Thls hEE the advantage of yleldlng more lnfo¡matlon on the

subJecüs behavlsur durlng the taek as L,elI as provldlng a

eecond mEaEurB of ove¡all performantre. Some of the relatlonehlpe

l¡etueen category resptrnses and hypotheses have been lndlcated

by Bourne (1965).

tilith the eelectton procÉdu¡er all lnatances are usualLy

clleplayed slmultaneouely. Typlcally the task beglna by the

experlmenter deelgnatfng one member of the stimulue popul.atlon

aE a poelttve lnsùance of the concept u¡hlch must be dlecoveted.

From thla polnt all j-nstances arËt selected by the aubJect

himself eo that the eequence of instances fe under hls control.

Ae each Instance le chosen, the experlmenter indluates uhethe¡

lt ls poeitlve or negatlve, tihen the subJect constde¡s that

he has identifled the concept, he verbEllzea lt to the expe¡lmenter.

If hls hypothesis ls correct¡ the prablem ls considered solved;

if lncorrecù, the procedule ls continued unüIl the concept has

been vErþal1zed. In a number of experlmenùe employing a
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splectlon procadure, the subJest is raqulred to make an

hypotheels after eash lnstanca. In thle uay more lnformatton

may be galned conce¡nlng the subJectts behavl.ou¡ du¡lng the

task. Requlrlng subJecte to hypothaslze sn evety trlal has

been shorrrn by Eyers and Davldson (L967) to fscllltate concept

identtflcatfon, houever, Unless data on hypothesizlng

behavlour ls speciftcally needed, 1t urould eeem fnadvleable

to lntroduce thls addltlonal variable r¡hen uelng a selectlon

procedure.

Seve¡a1 studles have sought to trtrmpare efflcieney of

concapt ldentlflcatlon uslng tlre tuo procedulee yoked eo thst

each subJect on the receptlon procedure recelves the same set

of etimulf In the same order ae sÈIectad by another eubJect

sn the selectlon procedute. Unfortunatæly, no deflnite

concluslone ãrE poaelble al¡out the relative difficulty of

concept attalnment uslng theee procedures. Tt¡o studles

(Huttenlocher, L9Ê2a¡ Murray and Gragg, 1969) favour hetter

performancÊ on the receptlon procedure, one (Hunt, 1965)

favours better performanee on the selectlon plocedurer and

tuo euggeet lnteractlon effects bett¡aen the type of procedure

employed and coneeptual. rule (Sch¡¡artz, 1966), and betuleen

the procedure and amount of stlmulus verlablllty (Laughlln' L969Þ),

Schrr¡artz (1966) reportad that the selectlon paradlgm gava

superior performance for conJunctlve concepte, uhlle d5.sJunctlve
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EontrBpts upre 6sl,vÉd rntrre BaÉIJ.y uslng the ¡eception paradigm.

l{is concluslone sBBm oFEn to obJectlon fo¡ at least fou¡ ¡eas¡onso

Flrstly, Laughlln (1969b) did not obtaln any eignlflcant

Fraradlgm )( tlule lnte¡actlsn. Secondly, slnce no poet-hoc

analysta 1e givan,1t ls lmposslble to knou that the Interactlon

sþtalned by Schurartz la due to the yokad selectf.on and receptlon

procedures. Father, lt seems mors likeJ.y that the effect is

attrlbuüabLe to the ¡elatlve dlfftuulty of the randorn condltlon

r¡¡hlch ù¡ae alao conducted for each ru1e. Thlldly, the tlme to

attalnment measure for dieJunctfon le in the dl¡ectlon of

eaeier concept attainment r¡lüh a receptlon procedu¡e, but a

trlals tq attalnment msasure on thte eame ruLe 1s ln the reverea

dl¡ectlon, Fourthly, the xesponss measuras for dleJunction

E¡EBm unrellab1e, anyulay, slnce thay are baeed only on those

subJectø r,¡lro actually attalned the eoncept. More than half

the subJects fa1led ts achleve thle obJeetlve ulühln the limlt

of one hour or 64 triale.

In Laughllnre (1969b) axperlmenü etlmulus verlaþtllty uae

manlpulated uslng a alx t¡,ro-valued attrll¡ute dleplay and a

four three-valued ettrlbute dleplay. Laughlln found that

the raceptlon paradlgm u,ae msre dlfficult than the selection

paradlgm uslng a 4 - f stlmulue unlverea, buù leas difflcult

ueing a 5 - 2 unlverse. Unfo¡tunately, the turo stlmulus
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populatiÊns conflBund interdimensional and intradimensional

verriatrillty, sro t¡e ere unable tu knou uhether either one or

both of these Erurtres of ir¡elevant informatlon lnte¡acts

t¡ith the procerJure. Other experiments have utlllzed diffBrent

amounts of f:pth ssurces af varfabillty. Thus Huttenlocher

(Lgt=Za) used tr,ro (or three) attributes each r¡ith tuo values,

Hunt (1965) four attrihutes r¡1th four values each, and lviurray

end Gregq (1969) tuo four-valued attributee. If both inter-

and ln'bra-dimenslonal varlability are important, then thls

uroulrl suqc¡est that the to'hal number of stimuli ls the fuctcr

lnfluencing the relatlve difficulty of the selection and

rr:ception paladignre. Thi.e hypothesie does divlde the

experimentaL findings lnto ttuo groupe. For small numbera

of stimuli, ri.g.r B (Huttenlocher, I962a), LG (Murray and

Éreggr 1969)r and 64 (Laughllnr 1969b)' easiet concept

ldentfficati.on ls obtalned uslng a receptlon procedure

rather than n selectl¡n proceclure. For largel numbe¡e of

stfmullr 8.9., 8l (Laughlf-n, 1969b), and 256 (Hunt, 1965),

eesler concept identíflcatlon 1s obtalned uslng a selestlon

ptocedure rather than a receptlon procedure. Further uo¡k

1s necessary tn conflrm thla hypothesi-e.

Alternatlva hypnthesea may suggest a role for the uray

in uhlch gtlmull are pxesented, that 1s, elther succaeslvely

or slmultaneously. HouevBr, there ls no lndlcatlon that

thls faqtor can be ueed to dlscrlmlnate bett¡een dlecrepant
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rEBUltB. luloreover, Lar.rghllnrs (I969b) fallure to flnd an

lnte¡actlon þetr¡een paradlgm and E memory ald condltlon tende

not to eupport euch an hypothes1s, elnce memory load has been

cited aB an eseentlal di.fference Þetueen slmulÈaneous and

succeaslve pregentatlon methods (Hovland and ldelse, 1953)'

Stlmulus variabilltV

The stlmulue populatlon in msst cancept problems ls

characterlzed by a set of dlmenslons, each ofl r¡hLch has tbJo

Er more valugs. Some of theae dlmenelong arg relevant to

proÞIsm solutlon ln the sense that they deflne the concept

to be ldentlfled. Other dfmenslons Ere l¡relevant and can

be lgnored, Þìoreoverr r,rlthln dlmenelons values may alao be

relevant or lrrelevant dependlng on r¡hether they may be ueed

to speclfy the concept. A number of experlments have sought

ta examine Èhe effects of the amount of ¡alevant and lrrelevant

lnformatlon on performance.

l. Amount of lrrelevant lnfo¡matlon

Er¡ Due to lnte¡dlmenslonal varleblllty

Uelng vlsually presented stlmull, many u,orkers have shourn

that taek dlfflculty measured Þy t¡ielsr tLme, and euors to

aolutlon lnc¡eases llnearly as the number of lrrelevant

dimenslong fncreases (Brou¡n and Archer, L956i Bourne ¡ L957i

Beurne and Pendletonf I95B¡ Battlg and Bnurne, 1961; Lordahlt

1961; trJalker and Bourne, 1961; Bourne, Guyr Dodd, and Juatesent
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1965¡ Haygood and Steveneon. L967). The only experlments

ta report a nonllnear relatlonehlp uere by A.echer, Bnurne,

and E¡oun (1955)r rr¡ho :sbtalned both eignfflcant llnear and

quedratlc trende for lnc¡eaalng dtfflculty urith lnc¡Eaelng

amount of lr¡elevant lnformation, and Byers and Davidson (1968),

uho ue¡e unable to flnd a olgniflcant llnear trend although the

mBang¡ for the three levela of irrelevant lnformatlon de¡e

orde¡ed ln the expected dlrectlen.

lJlth aurally presented stlmult ¡ Bulgarella and Archer

(1962) obtalned a llnear rel-atlonshlp slmflar to that found

uslng vleual stlmulus materlal. Lsrdahl (1961), trn thB othe¡

hand, found no effetrt on perfo¡mancerri.th fncreaslng amounts

of irrelevant audltory lnformatlon. lleele and Areher (ù967)

have attrlþuted Lsrdahlte falLure to flnd any effeat elther

to the type of audltary materlal (pure tones) he used or to

the fact that less ùhan half the sublecte ldentlfled the

concept r¡lthln the flxed number of trlalg (192 trlals) presented.

It seems doubtful that the fo¡me¡ explanatlon can account for

Lordahlls resultg slnee Eulgarella and Archer also utlllzed
pure tonea aB audiÈory material. Dlscarding those subJects

u¡ho had not ¡eached the crlterlon for attalning the concept

after 381+ ùr1als, and uslng sentenogÉ aB audltory matertel,

tleele and Archar ugrcr able to demonst¡ate a clear llnear

trorrÉEpondence betueen difflculty and the number of lrrelevant

dfmenslons.
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b. Due to lntradlmenelonal varlabllltv.

Battlg and Bourne (1961) ulere the flrst to systematlcally

explore ùhe effects of lntra-dimenelonal varlabllltyr ualng

stlmulus materlal havLng 2, ¿+r o¡ 6 valugg PEr dlmenelon.

The eolutlon ln each caae Lnvolved ttlo relevant dlmenelons.

ldlth tr,ro-valued dimenslons the eubJaot ulae xequlred to comblne

one valuE f¡om each relevent dlmenslon ts solve the prnblem.

Lllth slx-valued dlmenslons three valuee from each relevant

dlmenslon had to be comblned. Uelng thia procedurer Battlg

and Bourne found a Ilneal dec¡ement 1n perfo¡mance t¡Ith

l-ncreaslng number of valuee on BaEh dlmenelon. 0n the basls

of thle reeult and also the oþaervatlsn of e llnear des¡ement

ln parformance uith an lncreaslng number of lrrelevant dlmensionst

Battlg and Bourne Euggeated tentatlvely that both types of

lrrelevant lnformatlonr lnter- and lntra-dlmenelonal, mlght

be coneldered ln the same uay theoretlcally.

The procedure employed by Batttg and Bourne necessltates

sama cautlon 1n acceptlng thie poasiblllty. In lncreaslng

the numbar sf values trn each dlmenslc4, these uorkers have

lncreased the number of relevant valuea per relevant dlmenslon

as b¡ell as the number of lrrelevant valuae on each dlmenslon.

In other uords, not only had the amsunt of L¡relevant lnformatlon

been lncreaeed, Þut elso the amount of ¡elevant lnfsrmatlon.
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Haygaod, Harbert, and 0mlor (1970) have follouled a mtrle

suttaÞle proeedure for assaselng the effects of lr¡elevant

intradfmenslonal varlabllity lndependent sf relevant

intradlmenslonal varlablltty. Thelr method uas slmply to

select only one value ln each caae from the partlcular

dimenalon shtreen to deflne the concept. They found thatt

lnstead of an lncrease in dtfflculty rrllth lncreasfng numirers

of valuae on each dlmenelon, there uJaE¡ a decrease. Thls

rasult suggaata that the tuo typea of lrrelevant lnformatlan

are noÈ allke ln thelr effects on performancs, ln contrast

to Battlg and Bourners auggestlon. The relatlonshlp obtained

by Haygood et al.. betueen lmprovement ln performance and

inc¡easlng lrrelevant lntradi.menelonal va¡lEblllty uae pasltlvely

deceleratlng, euch that changes |n performance as the numÞer

of values per dl.menslon þecame larger eeemed lase llkely to

be slgnlflcant,

2. Amount of relevant lnformation

The evldencs pertelnlng to the effect on problem difflculty

of the amount of relevant lnformatLon ls compllcated by

confoundtng factors ulhlch have þeen present ln some experlments'

The Þaslc flndlng 1e that dlfftculty lncreesee l-lnearly ul.th

the number of relevant dlmenalone. Thie result has been

obtalnpd by Byere and Davldeon (1968) and Looney and Haygood

(1968) uslng vlsually preaented stlmull, and by Bulgarella
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and Artrher (1962) uelng abstract audltory slgnals. fn an

axperiment 1n r¡hlch the numbe¡ of relevant variables uas

canfounded r¡ith the number of response caÈegorles, ùJalker and

ílourne (1961) repurted an aeceleratlng increase ln dlfftculty

trlth increasee In ùhe number of relevant dlmenslone. Bou¡ne

(1966) has attrlbuted the exponentlal relationshlp to the

Jolnt efflecte nf the tuo varlaÞles confounded. Another

study (Glanzar, Huttenlocher, and Elarkr 1963) confounded

the numÞers of relevant und lrrelavant dLmenslons in such a

r'ray thet as the number of relevsnt dlmençlona lncreasedn the

number of Irrelevant dlmenslons dBcreasBd. From the reeults

r:f their experlment, Elanzer et aI¡ EonÈIuded that the most

difflcult concept r¡as ühe one requlrtng an equal dlvlslon

of dlmenslone Into relevant and lrrelevant. Laughlln (1968a)

also confaunded the number of relevant and lrrelevant dlmenefone

ln an experlment lnvestlgatlng eondltlonal concepts. Llke

Ëlanzer et al. ¡ he reported a curvllinear effect on performance

as the number of relevant dlmenslons incteaeedr but in hls

experlment the ratio of the numher of relevant dlmenslons to

the total number of atimulus dtmenslons for the most dlfflcult

concept uas atlghùty more than a half.

3. Stlmulus redundancv

Redundaney exlsts In a stlmulus papulatlon uhenever the

actual number of stlmulue patterns ls l-ees than the number that

could be generated from the glven etlmulue varlables, that le,
the numbe¡ of dlmenatone and the number of valuee on each
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dlmenslon. For example, Buppose all large patterns are ¡ed

and aII small patterns E¡¡B graen. It ls Elear 1n thls traee

that the actual numtrer of patterns u,ill be less than is
thaoretlcally possiþle slnce the¡e are ntr large g¡BEn and no

small ræd patberno. lrla may therefsrÉ Bay that thls populatlon

containe eome redundancy. fn thls example the dlmenefsns of

colnur and slze are perfectly co¡ralated. Thus, the lnformatlon

contalned ln theee tu,o dlmenelons Is completely radundant.

By varyfng the number of dimenslons correlated in a sùimulua

populatlon, the amsunt of redundancy in ühe populatÍon le

clranged,

Bsurna and Haygood (195g, l9t,])'have condutrtgd several

experlments fnvestlgatlng the effects of amaunt ofl etlmulue

redundanty on concept identiflcÉti.on. Uhan ¡edundtrntry üJBB

llmíted to ¡elevsnt sùimulus dlmenelons¡ per.formance lmproved

as ¡edundancy lncreaaed. Thle effect became more pronounced

aa the numbar of nonredundant lr¡elevant dlmenslons became

Iarger. Ulhen the radundnncy uas llmlted to lr¡elevant

dlmenslons, a decrement ln perfonmance reaulted r¡Ith lncreaslng

radundancy. Houever, thls decrement ln performanee f¡om

addlng ¡edundant lrrelevant dlmenslons uaa not ae great as

that obtained by addlng an equlvalent numbe¡ sf nonredundant

1¡relevant dfmenelons.

Garner (1962) has euggested that fsrm ae r,¡ell as anount
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of redundancy may be an S.mportant varlable. Ey form of

redundancy he le referrlng to the particular etlmulus patterns

in a populatlsn, emphaalzlng that it matters not only hou mãny

poseible patterns have þeen excluded but also ùJhltrh ones.

The form of redundancy utllized by Eourne and Haygood (1959,

19f'I) consleted of a perfect correlatlon lretr¡een the leveLs

of tuo trr msre atlmulue dLmenslens. Haygood and Eourna (1964)

eought to compare thls form of ¡edundancy (Form A) ulth a

eecond fo¡m (Form B) in r¡hlch the leveLs af one dlmenalon

r¡rere contingent uptrn a comblnatlon of levels uithfn tuo o¡

mtrre other dímensione. For probleme bJlth the eame amount

sf ralevant ¡adundancy, Haygood and Bourne found performance

ualng Form A redundantry superlor to Form B, conffrnfng Garnerre

expectatlon of the i-mportance of thls varlable. Both experlmental

groupa made feuer Btrqrs than tuo control groups tn r,lhlch the

redundant dimensfon uas elthe¡ ellmlnated or converted to

nonredundant lrrelevance. NB interactlon effect on performance

ues evldent betueen the amount and the form of ledundancy.

Furthermore, the fnteractlon betr¡een form of redundancy and

the number of lr¡eLevant dimenslone uas also nonslgnlflcant,

fn contrast to the eerller flndlng of Eourne and Hnygood fsr

amount of redundancy.

The above studles on the effecta of redundancy have utillzed

vlsual stlmull ln the fo¡m nf geometrlcal deeigns. A recent
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study by Heele and Archer (1967) alao uslng vlsunl materlal

has rapllcated the flndlnge on the effecte of amount of

redundant relevant informatlon, except for the slgnlflcant

lnteraetion betueen amount of ¡edundancy and amount of lrrelevant

informatlon reported by Eourne and Haygood. bjlth audltory

etlmul-l a surprlse result uas the fellure to find an effect

of radundant relevant lnfsrmatlon on performance in one

experlment, although ln a second experlment some lmprovement

!¡as nbserved.

Sallence of stlmulue lnforrnatlon

Several studlee have demonstrated a role for the sallenee

or attentlon value of etl.mulus lnformatlon ln dete¡mfnlng the

dlfficulty of a conceptual task. Mentlan hae al¡eady been

made of the irnportance of çoncrete or thematlc etimulue mate¡lels

on the hypotheses llkely to be ente¡talned by thø subJect.

Evldence can alao be d¡qun from studles employlng abetract

geometrLcal patterns that eome dlmenslons are mtrlct sallent

tl'lcn others. For example, B¡or¡n and Archer (1956) found

concepts havLng spatlal location aa the relevant dimension

to be more difflcuLt than othera lnvolvinq form or ctlout.

The effect of the sallence of stlmulus lnformatlon hne baen

shoun by Archer (1962) to depend on the relevance or lrrelevance

of that informatlon. Thue, performance 1e facllltated uhen

relevant stlmulus lnformatlon ls more salLent, and lmpeded
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urhen lrrelevant lnformation 1s mtrre sallent.

A number of methods exlst for manlpulatlng thls varlable

experlmentally. 0nE method has already Þeen referred to 1n

the earlle¡ dlscueslon of meanlngful or eoncrete stlmulus

materlal ln concepù ldentlflcatlon. Another approach ls

to emphaslze the relevant rllmanslon by the addltion of a

redundant relevant dlmensLon. Far example, l-lull (L920)

attempted to lncrease the attentlon value of the relevant att¡lbute

J.n the Ehlnese characters uaed aã Ëtlnuli by colourlng it. A

thl¡d r.,:ay of controlllnq sallentrE ctrncerns the discrlmlnablllty

nf relevant and lrrelevant lnfo¡matlsn, Baum (1954) shuured

that uhen EiEVerEl concepts are tu be learned concurrentlyt

those for ¡¡hlch the lnetances are least dlscri¡nlnable from

each other and most dlacrfmlnable fro¡n lnstancee ofl other

concapts are the easiest to learn; convBreely, concepts

contalnlng hLqhly cllsc¡lminah1a lnstances uhlch bea¡ some

slmllarllv to other trtrncepts are moet dlfflcult to lea¡n.

Support for thls flndlnp also comes from Shepp and Zeaman (1966)

and Jacoby and lladtke (1969). Anuther facto¡ affectlnq the

sallence of stimulus lnformatlon ls the organlzatlon of the

stimulus dlsplay, Tr¡s examples ulll be gtven. The flrst

rsmes¡ f¡om an experlment by Elrune¡, Eoodnou, and Austln (1956)

comparing ¡andum stlmuLus arrays rrrlth eystematlcally arranged

stimulus arxavs ln r-,lhlch adjacent stlmull differed by only nne
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attrlbute value, They found performance to be elgnlflcantly

better r¡Íth the orderly amay than uf th a ¡andom amay. The

second concelns the embodlment of all stlmulus attributes ln

each stimulus pattern or EVer several. spetfally eeparated

pattarns. An experiment by Shepard, Hovland, and Jenklns

(196f) revealed l¡etter performancer on compact than on dlstrlbuted

sblmulus displays. Increasad sallence sf stfmulus dLmenelons

may also be lnduced through prellmlnary lnstructlons nr

pretrainlng. In a revleul of s'budles of shlft performance

ln human concept lrlentlflcation, trJolff (L9É7) ehouJed that

lntradlrnenelonal shlfte are easler generally than extrarllmenslonal

ahffte, and this df,fference becomes finore marked urlth overtralnlng

on the preshlft problem. Thus, I'b r¡ould appear that any

pretralnlng uhlch lnvolved the relevant dlmenelon 1s 1-lkely to

have a facllftatlve effect on subsequent performantre, presumably

because the eubJect is then attendlng to the relevant dinrenslon.

A sllghtIy dlfferent type of pretrainlng having a eimllar effect

u.ras used by Eelfand (1958)r r.,¡ho found that prelimlnÊry expsrience

uith r¡o¡rls asssciated r¡ith relevan'L stlmulus attrÍbutes

facilitated performance ¡elative to neutral or irrelevant

pretraining.

Stimuluo EBqUEnEB

An l'rypotlresis proposed by Underr.dsod (1952) has provlded

the s'bfmulus for most experlrnents in recent years dealing r,.rith
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the effects of dlfferlng sequencee of instancee on coneept

Iearnlng, Unde¡uoodrB postulate r,rae that, f.n general., ln

onder for relatlonehlps betr¡een stlmull to be percelved and

acqulred, ¡esptrnsea to those etlmulf must ootrur contfguously.

Speclfi.cally, lf lnstancee of other concepts a¡e fnterpoJ.ated

betueen fnstances of the eame concept, then conttgulùy ts

reduced þetueen lnstances of the partlcular concept concerned

and eo acquieltlon of the concept r,rlll be more difflsult.

Thls predlctf.on has recelved eupport from a numbe¡ of

etudles. Hurtz and Hovland (1956) requlred euÞJects to

learn four concepts uslng elthe¡ a mlxed Beguentre of lnstantres

of each of the four concepts or En unmlxed séguence. Perftrxmanoe

on contrBpt ldentfflcation bras better for the unmlxed than the

mlxed order. Neuman (1956) compared trrlo mixed o¡dere of

preeentatl,on uhlch dlffered ln the average number of lnterpolated

stlrnull Ehor,.ln betùJeen lnstancea nf the Eame concept. Stgnlfi-

cantly betÈar performantre uas obtaf.ned uhen lnetances of the same

concept uete closer toEether, Three leveLe of lnstanee

conttgultV ürBtB manlpulated by Schulz, Mlllerr ãnd Radtke (IgEl)

using slx verbal concepte and the reaults fndlcated eoncept

ldentlficatlsn dlffloulty to be dlrectly related to level of

contlgulty. Bourne and Jennlnga (1963) fnveetlgated four

degrees of contlgulty among Instancas of four dffferent concepte.

They obeerved a llnear improvement ln performance bJlth lncreased
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ËDntlgulty betueen lnetances of each coneept. SlmLla¡

evldence fn support of the hypothesie comea from Peterson (tSeZ¡,

A eomer¡hat dlfferent experimental sltuatlsn fnvolvlng a

serleg of posltlve and/or negatlve lnetances of a slngle concept

mey al.eo be regalded as belng relevant to Underuoodrs hypotheele

uf lnstance conttgulty, A ËBquenEE of all posltlve lnstances

ls one of maxlmum contlgulty, ulhereaa a mlxed sequence of

poaitlve and negative lnatances has lese contfguity. Experf.ments

by Hovland and Ulelss (f953) and tdhltman and Garne¡ (1961) have

demonstrated bette¡ concept learnlng uelng al.l poeltive lnetead

of mlxed posltlve and negatlve lnstancee. A recent etudy by

Elourne end Br.ry (1968b), houever, shoued that r¡hen therE are

mtrre ptrtrltlve lnetancee than negatlve fnstances in the etlmulus

popiilatlon ae for the condttfonal ru1e, leee dÍfflculty ls

found ulth a mlxed BsquencÉ than an all pneltive sequentrBr

In thls EaaE, though, a Bequense composed of all negatlve

lnstances proved easler than both mixed and alL poslttve

sBquBnGEs. An exception to these flndlnge comae from an

experlment hy Huttenloche¡ (1962b) r¡ho found a rnixed se¡les

of posi.tl-ve and negatlve lnstanceE¡ urats easf.Er than both aLl

posltlve and all negetlve serlee for one dlmenelonal concepta.

Thls reeult may Þe related to ühe fact that the serles ueed

contained only tr¡o lneùances, suggeetlng that longer EequentrBs

ErE necBtsBary fo¡ contlguity to have an effect.
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Not onLy may conttgulty of lnstancee be varled by meana

of the posltlve - negetivc s€quence, but also Þy preeenting a

serlea of posltlve lnetances of one type and then another.

This methad has been used by Haygood, Sandltn, Voder, and

Dodd (1969) r¡ith dlsJunctive concepte utlllzlng poettive

inetances havlng only one relevant attribute value. Thrae

diffsrent seguentrEs urare teated, eaeh ullth the same order of

positlves and negatlves, but varyLng In the numbe¡ of posltlve

fnatances of a partlcula¡ type presented before alternatlng

to the other type of poeltlve lnatance. The results once

agatn supported the contlgulty hypotheels ln that feueet

BrRorB uere made at the hlghaat contigulty level¡ that is,
urhen the numbe¡ of lnstancas of the same type presented

consecutively uras greatest.

An alternatlve account of stlmulue sequencB effects has

been provtdad by Detambel and Stoluroùr (1956) ln terms of

the effect of sequentlal manlpulatlons of reLevant end

lr¡elevant stlmulus dirnenslone. They propoeed that concept

ldentlflcatlon Ls most efflclent rdhen (a) the same relevant

cue 1s presented on adJacent tríals and lrrelevant etlmulue

components changed, or (b) the relevant cue l-s varied and

1r¡elevant st1mul.ua tromponents heLd constant. Uslng theee

rulee, Anderson and Guthrle (1966) obtalned results r¡hleh

lndlcated that a speclal type of mlxed aerles olF insùaneeË¡,
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nameLy, an altexnatlng EBriEE, Fttrduced feuer Erxore durtng

tratnlng than a conetant serles, contrary to the expecùatlon

nf Underuoodte lnatence contigulty hypotheale. An lntarsctlon

effect on both tralning trlale and test t¡lals betr¡een the type

of serLes (alternating or csnetant) and the number of stlmulue

dlmenslone changfng from tr1a1 to t¡1al (I or 3) uae lnterpreted

as provldlng support for Detambel and Stslurou¡ts rules fo¡ a

ttg6odtt stlmulus Bsquence, FEr the alternatlng ,series, the

g¡oup 1n uhlch 1 stlmulus dlmenslsn changed þetuleen each pair

of adJacent tralning trlals ehoued feurer exroxs than the gxoup

1n uhlch 3 dimenslons changed. Fpr tha sonatant aerles, on

the other hand, feue¡ errtrrÊ uere made by the group ln r,rhlch

3 dlrnenslons ehanged compared ¡¡lth the group ln r,lhlch I
dimensisn changed.

Peterson (1968) and Domtnor,¡skl (1968) heve lndepenrlently

made the observatlon that 1n many lnvestfgatiqns of stlmulus

Bequence effecte the o¡der of stlmulus presentatlons has been

confounded by testing order. Thle fact makee lt posslble

that the flndlngs of these experiments may þe due slmply to

resptrnsa blae effeots. That ls, subJectn may learn te make

fer¡ Éms¡s by laarnlng the uequentlal constraints ln the

stlmuli presented i.nstead of learnlng the ooncept. Uhere

test trials have been used not confounding order, the evldence

ln favour of contlgulty is not eo strong. For example,



34.

Hurtz and Hovland found no slgniflcant differenee hetr¡een ühe

number of eorrectly eaùsgor.lzed teet etinuli forlorrring mixed

and unmfxed o¡der of presentatlon. Their evidence supportlng

eon'bigulty rests En mo¡E co¡¡ect verbal descriptions sf the

concepts being made after en unmlxed serleÉ csmpatred urith a

mlxed seriÊs. Slmilarly, 'bhe evldencg sgainst eonttguiÈy is
also LJeakEned, since Ande¡ssn and Guthriere flndlnE of beùter

performance for alternatlng saries than for sonetanù series

uas obtained only on t¡alning trialo. No dlfference betu¡een

the tuo üypes sf serieÊ uJBa found on teet t¡ialn.
Peterson and Domlnor'¡ski havs conducted experJ.ments uhich

enable stimulue EequentrB effects to be assesaed fn the aÞsence

of respondlng cueao tloth h¡lve ol¡talned ¡esuLùc conflrmlnE

the contiguity hypathesls. Hor¡¡evetr, an attempt by pete¡eon

to replicate Ande¡san and BuÈhrlsrs lesults k¡as unsuoceesful,

Fu¡ther uork ls neüaasary to determine the canditlons, if any,

under u¡hlsh Detambel and Stolurtrurls rules fsr stimulue sequËncee

Épply. 0ther aepecte of stlmulus sequences not eonsíclered

1n prevlous lnveatl.gatlons alsa requlre Examinatlon. Ftrt

exampler Èhe suggeetlon fs contalned ln the r¡ork of Elruner,

Eioodnou.r, and Austin (1956) that ùhe flrst instance ptesented

ln a conceptual Èaek may have ar¡ lmportant effeet on oubsequent

behavlou¡ En the task, 51m1rar suggeetlone have ales been

niade by Huttenlocher (1962þ) and Glanzer, Huttenlocher, and
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tlark (1963). In another c¡ntext, the concept formed ofl a

et,imulus perstrn has been shoun to be etrangly influenced fiy

the klnd of lnformation firet encountered (Luchlna, L957).

Pssltive and neqatlve lnatances

Sinoke (1913) t.¡ae the firat to suggest that the efficlency

of concept attaÍnment rnlght be affected by prasentlng instarlces

of r.,.lhat a EÉntrEpt 1s not rather than lnstances of rrlhat j.t ls.

He rJid not, houever, evaluate the amounts of ínformation

Iogtcally conveyed by these negatlve and pooitive lnstances'

It is not clear, therefore, f¡om his data uhethe¡ the relatively

inefflclent use af negative lnstanoes uas due to the relatively

small amount nf informatlon transmitted by them relevant ttr the

concept or to difflculty experienced by subjects in asslmllatlng

negal,ive infornation.

fl mo¡e sultable method for comparing positlve and negatlve

instances ura6 p¡oFosed by Hovland (1952). If the numtrer of

posaihle concepts of e particular type ls specifled by ihe

stlmulus ptrFulatlon employed and these concepts can be listedt

then the amuunt of lnformatisn transmitted by a positive oI a

negablve instance can be determlned by the number trf possible

concepts loglcelty elimtnated Þy its presentatlon. Lising thle

procedpre for equatlng the infqrmational content of poeltive

and negatlve lnstances, Hovland and t¡Jelse (1953) fnund that

prtrblems deflned by all positive instances uere easler to eolve
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than those deflned by at,l negatlve lnstancea, ulth a mixture

of poaltlve and negatfve lnstanoes havlng lntermedlate dl.fflculty.

In a ellghtly dlfferent but related experlmental taskr UJason

(1959, t96l) llkeulee lndlpated that negatlve statements took

longer to procees than posltlve etatements, even urhen the

amount of informatlon conveyed by both stetements uas equated.

Later experlments have shobln that the amount of lnfo¡matlon

transmitted by posltlve and negatlve lnstancee ls aleo an

Ímportant va¡leþle. fn the experlmente so far deecrlbed

in thls nection, only conJunctive or unf.dlmenslonal problems

uele uaed, and ln these caaes the lnformatlonal value per

lnetance of posltlve lnstances ts typlcally grsate¡ than of

negatlve Instancee. ldith rul.es Llke the condftlonal, the

trBVs¡BB le truB. Bourne and Guy (1968b) have demonetrated

uhen condltional concepts arÊ requlrEd to be ldentlfled that

negative lnstancea produce easler concept ldentiflcatlon than

elthel mixed poeltlve and negatlve lnstanoes or all poeltlve

instances. For the fou¡ three-valued attrlbute etlmuLue

populatlon utlllzed by Bou¡ne and Euy, an lncluelve dlsJunctS.ve

conoept ylelds an lnformatlonal value per lnetance for

negatlve lnstancee urhlch le sltghtly greater then for poeittve

lnstaneee. Bn thla type of problemr hor¡evErr eubJects requlred

more t¡lals to eolutlon and made morB Brrorg ulth an all
negattve sequenBe than elther a mlxed 6r an all, posltive
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sEquBnEB, Eontraly to the expectÉtlons of the lnfa¡matlonal

analyels. Apparently, the dieparlÈy ln info¡matlonal value

þettreen poeltlve and negatlve lnetancEs ln thte caee fs

insufflclent to be able to compensate fo¡ lneffective handlfng

of negatlve lnfs¡mation.

Several accountg have been offered ruhy nagatlve lnfocmatlon

1e f¡und more dlfflcuLt to proceas than paelttve. Frelbelge

and Tulvinq (196I) suggested that the greater difficulty of

negative lnstances may be a reflectlsn of the sbeervatfon that

positlve lnstanseB are more frequently handled ln everyday

clroumstances than a¡e negatlve fnstances. Elven sufflclent

practlce at utlLLzlng negatlve lnformatlon ts form canceptst

they suggested that the differences betkeen positlvee and

negatlves should dleappear. An experlment examlnlng thls

hypoùhesis indlcated virtualJ.y no dlfference ln difflculty

in csncept attalnment betueen all posltive and all negatlve

instance sBquEnEBs aflter practice on 20 proþlems.

hlason and Jones (1961) suggeated that the csnnotatlons

of the negatlve affect the tlmes taken to process negatlve

information more than 1te functlsn as a loglcal constant,

Uaing neut¡a1 slgns (nonsenee syllablee) in place of poeltlve

and negatlve etatemente¡ the dlffE¡ence betk:een the rBsponse

times to the trrro types sf aentences uas olgnfflcantly reduced.

Some ¡ealdual di.ffe¡ence etlll ¡emalned, due perhapa to a



38.

tendency ta transl-ate neqative lrrformatlon lnto positlve florm.

Relaterl to this is Eifermannro (1961) flindinç that the Hebreur

L,:ord for rrnottr r¡hlch 1s normally usecl ln all contexts lÉqulred

Ionqer procesaing tirne than the other Hebreul r¡ord for rrnotrt

uhlch is normally used ln all Eontexts except the prohlhitÍve'

üoth negatlve statements, ho¡Lever¡ had longer TBBpEnse latetrcj'es

than a pooitive s'úatement. The importance of the connotatlon

sf the negative has also been demonstrated ln a typical concept

learnlng task [:y Seggle (1969) r'lho found the dlfference bettueen

positiVe and ngqative instances disappeared uhen neutral

symboJ.s t¡Jclre uEBd lnstead.

Perhaps a third account of the difflculty ohtalned uhen

processing nega'blve info1'matisn ctrmes from an assertÍon by

Greene (Ig?0) that the natutal sernantlc functlon ol' the negatlve

is ts change the meanlng of É prlgr afflrtnative etatement, not

'bo e:<press the equlvalent ol' an affirrnative statement. To

eupport thls assgrtlon Ereenæ shot¡æd that negatfve statements

r¡hich changed the meaning of an affirmative statement tnok

Less tlme to prutress than other negative statements t¡hích

exprBBsed the Eame mBEnlng as an âfflrmatlve. A relaterl

finclinq !s that uhen stimull are desc¡lbed 1n terma of an

axceptfonal item anrJ a rpsldual c}ass, the resptrnse to rregatlve

staternente is facilitated if 'bhese statemente deny that the

exceptional ltem FtrsìsBEsEs the prnperty of the residual claaa
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a greatgr memory lsad than TT instancee. More r¡llLl be aaid

later in thle chapter Bn the lmportance of memory f.n concept

learnlng. Fo¡ the present túe ehall note Bruner, Goodnou,

and Austlnts (1956) nbaervatiun that sencept problems perfÐrmed

n1¡-¡þs-headrr are more difficult than problems In uhi.ch an

orderly €rray of tnetanceæ ls continualty avallable to the

subject.

Informatlve feedback

I n t BnEeB of feedback

The role of the amount of tnformatlon aupplled to the

eubJect follnuling a category reaponse has been lnvestlgated

in several studtea. [lne such atudy uaa conducted by Bourne

and Pendleton (1958) uelng a fou¡-category conJunctive taek.

Informatlvgngs¡e uas varfed !n tuo ulays¡ (1) the lnfornatlon

speclfled tn feedback, and (2) the probabllity that feedback

r¡¡ould be omltted on some trlals, The effect of amount of

informatlon apeclfleatlon uae csnsldered uefng tuo cnndltlsns.

In one condttlon the euÞJect r¡lae told on each t¡fal u¡hether

his response utets cor¡ect o¡ incotrect; ln the other condltlon

the eubJect uae shoun, ln addltlon, the correct reapunee

uhenever he made ãn BrtÐr, PerformantrB ulae slgntflcantJ'y

bette¡ uhen rnore tnfarmatlon hJE¡s spcltrlfled durlng feedback.

The effect of probabllS.ty of lnformative feedback uas etudied

under conditlons In t^lhtch feedback uas omitted on [17lo, Lgiîl
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2g'/o, ãnd 30?á of trÍals. As axpected, more t¡lalE to solutlon

b¡ere requlred ae tha peroentage of trlaLe r¡lthout feEdbaek

lncreaEed. Moreovel, the fnc¡eaeed numbe¡ of t¡lals to

eolutlon requlred uJes greatel than the numbEr of t¡!.als

tr¡fthout feedbEck, suggeattng that the no-feedback lnatances

had an lnte¡flerlng effect on retentlon cf lnformatlon frsm

feedback lnstancee.

A recEnt study by Laughlln (I969a) hae conflrmed Èhe

fLndlng ùhat performance le lmproved lry lncreaslng the amount

of lnformatlon provided durlng feedback. In thls expertment

lnformatlon epeclflcatlon fer condLtlonal concepta uas

manlpulated uelng 11 feedback csndltlone. Four condltlone

apeclfied one of the four poeeLble traEBB of concept lnetancee

(if factor preaent, then factor preeent; lf preaent, then

abeent¡ Xf absent, then preeent¡ lf abeent, then abEent),

leavlng the othe¡ th¡ee Ease6 amblguous¡ 6 csndltlons opectfied

tuo caeee, leavlng tuo caaee amblguoua¡ and I csndltlqn

epeclfled each of the four cagBs. The eelectton procedure

uras employed so that feedback h¡as Euppl1ed follor¡lng the

selectlon of each lnetanca. PE¡formantrE uae found to be

a dlrecù functton af the number of cases of concept lnatancee

speclfled.

Another experlment by Buss and Buse (1956) u¡as concarned

ulth a dlfferent aepect of the lnfqrmattvenesE of feedþack.
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Thls study sought to compare the effect of glvlng the feedback

rrrlBhtrr after cotrect ¡.EBponsgs and the feedÞack ttur.srlÐrr after

incorrect resFonses. Three condltlons ùJerB used: (1) 'rrlqhtft

for a currect response, nothlng for an j-ncorrect responsa;

(2) nOthlng for a coxr:eËt reeponse, and ¡rbJxongtrfor an ineorrect

re$pon=¡e; and (3) nrlghtil for a cor¡ect rÉsPonBE, and rrurongtr

for an Inco¡rect Deeponse. The resulte tndtcated better

learnlng on the Itrlghttr - rrlrJxongrr and nothlng - ftlrJlongrl

condltlons than on the rrright't- nothlng condltf.on. Slmilar

results ruers reFo¡ted by Buas, Braden, 0rgel, and Bues (L956).

These flndlnge are rather unexpected since moxe lnflornnatfon

rrras eupplied an the rrrlght'r - umtrnq condltlon than on elther

of the other condltlona Bo that it mtght have been predlcted

that fastest learnfng should occu¡ on thla condltlon. The

explanatlon proposed by Buse to ftt thls data t,¡as glven in

terms sf relnfo¡cement theory end may be dlvlded frrto th¡ee

assumptlona¡ (1) the absence of feedt¡ack j.s a non-reinforcer;

(2) ilrlghtrr le a ueak poaftlve relnforcer; and (3) rrtutongtl

is a ¡elatlvely atrong negatlve relnforcer. It follouc that

ItrlËht¡r - rfurongrr and nothlng - rruJrongrr are aLmoet equlvalent

in rei.nforcement value and both provlde greaüer retnforcemeltt

than lrrlghtn - nothlng. Hence any program of feEdt¡ack uhlch

uEBE tturongrr should produce more rapid learnlng than programs¡

rulthout rrr,Jrtrngrr. A varlatlun on thls explanatlon uas euggeeted
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by Buchr,ratd (1959) t¡lho assumed that, EVBI a aerles of trlals,

a t¡lank trlal (one uith no feedÞack) acqulree refnfo¡cement

value appooite 1n slgn to the ovent feedback uith uhlch ft

ls palred,

It haa been polnted nut by Ëourne, Guy, and l¡Jadsuorth

(L967) that in the Buse studles there uere mtrre r,rays of belng

urrnnq than of belng rlght, so that there uere feuer feedback

trla1s on the rrrlght'r - ntrthing condltj.on than the nothlng -
rrurongil and rrrlghtrr tturrtrngrr condltlons. Thuor another

explanatlan nf Êlussrs data may be glven tn terme sf the total

number of trlals aEctrmpanled hy feedback. No assumpttons

need l¡e made concernlng dlfferentlal reinforcement values af

ilrÍghttr and truxtrngr'. In an BxFerlment ln uhlch tha proportlon

of responses Bccompanled by conflrmlng (rrlght'r) or inflrming

(rturongrr) feedbaek uae varled, Llourna et aI. found the relaÈlve

frequency of feedbeck to be able to account for msst of the

effect on performantre.

2. Temporal factors

Seve¡a1 dlstlnct temporal characterietics of a trlal ln

a conceptual taek may be tdenttfiad (Bourne and Eattlg' 1966).

These lnclude the duratlon of stlmuLus presentatlonr the

stlrnulus - reeponse lnterval, ùhe deLay of informatlve fleedback,

the postfeadback intervall Bfld the lntertrial interval.

Although experlmental studl-es of slmple learnlng in anlmaL
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and human suhje6ts have investlgated aII sf these {n some

detail, only the last three mentloned have received attenticn

ln concept ldentlfication.

The delay trf lnformatlve feedback ie the tlme betuJeen El

subJect t s response trn any trlaL and the plesentatlon of feedback.

The effect of delay of relnfo¡cement (r¡hlch may bE regarded aa

Bynonymtrus urlth j.nformative feedback) has been studled in a

varlety of taska othe¡ than concept i-dentiflcation' For

example, a tevler¡ of the effects of delay of reulard ln

lnetrumental condltlonlnE r,:ith animals (DrAmEttrr 1969) lndiceted

that aeymptotic performance Is lnve¡aely related ts the

cluratlon of reu¡ard delayr the longer the de1ay, the lauer the

asymptote. DtAmato also noted that¡ unllke reuard magnltude

and drlve 1EVEI, the performance dlffersncÊs to r¡hich diffe¡ent

delaye of reuard glve rlse emerge rather slottly. In studies

r¡|th hurnÉn oubJgtrts, lnformntlve feedback or relnforcement

lraa aleo been termed knoutedge of results. It comes aa

something of a surprlse to fLnd that delay of knouledge of

regults j.n a mot,or learning task has no el'fact on the

performance of human suÞJecte, unleas some lntervenlng

xeBpEnEEE 66cur betueen the choeen sgsptlnse and feedback

(Adamsr 1969).

Ëlourne (I95?) conducted a concept ldentfflcation experiment

r.¡¡1th human subJects ancl obteined ¡es:ults rr¡hlch sugge$ted that,
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as the delay of tnformatlve feedþack lnereaaed, performance

beCame b¡orse. That [s, It seems ae [f human eubJects on

trontreptual probleme behave mtrre Lfke anlmalE on 8n lnet¡umental

Laarnlng tesk than humana on E motor learnlng taak. Hotl€Vert

1n Bournels Etudy delay of fnformatl,ve feedbaek uaa gonfeundad

ulth another temporal varlabler the poetfeedback tntervalr t'hat

1s, the tlme bEtu¡aen lnformatlve fEedback and the preeentatlon

of the npxt sil.muluE. The poeelblllty that thla latter

varlablB rnay hava had an effect h¡ae euggEsted by flndlnga

ln moto¡ learnlng that the erltlcal temporal varj'able r¡as the

lntertrtal lnterval u¡hlch 1s eeeentially the sum of the delay

and ptrstfeedback fntE¡val.E. A aubsequent experlment by

Bourns and Bunderson (f961) tronflrmed thls poaetbilf'ty.

They diacovered ntr effect on perfsrmancE of delay of lnformatlve

feedback, but ehoured that perfo¡mance lmproved r¡lth increaslng

postfetsdback lntetval. Thua, EOurnete ea¡lle¡ reeult ulas

eEen to þe an a¡ttfact of falllng to öOntrol the duratlon

sf the poatfeedback lntetval. There hrould Eppear to be,

therefo¡e, somg gBng¡allty betumen th6 rEeults fo¡ motor

leannlng and trÊnoept learnlng. Longer postfeedbask lntErvele

have þeen used by Bourner Buy, Ðodd, End JuEtEsEn (1965) uho

obaerved lncreaEfng duratlon of the lntErval to gtve rlee to

faellltatlon of ps¡forrnanca uP to an optlmum lntE¡val, beyond

uhlch peDformance beoame etlghtly uoree. The opttrnum lnterval
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obtalned rrras longe¡ as the number of lrrelevant stimulus

dlmenslong¡ ulas inEteaaed.

These effects seem to lndlcete that some klnd of task-

reLevant actlvity takes place durlng the post feadbacl< lntervaL.

Preaumably, eubJects may UEE the interval to rehearse, memorize,

and process the Information conveyed by the stlmulus and lts

atrtronìpanying feedback. trlhen Long lntervale are ueed, some

forgettfng of fnformation may take place end so have a retardlng

effect on perfoxmantrE.

Avallabilltv of Erevlous instances

In many cancept learníng taeks the stlmuli to be categorÌzed

by the subJect are dlspJ.ayed successively, r¡lÈh only trnB

stlmuLus avallable for lnspetrtitrn on any trLal. In other

tasks the stfmull to be categorized are dlspLayed eimultaneously

and remaj.n avallab1e until the end of the problem. Hovland and

ljelss (1953) found that r¡hen only negative lnstanceg brere preeented,

mare subjecte identlfled the concept uslng simultaneous

presentatisn than Euccesslve p¡esentatlon. For poeitlve

fnstances only, the numbe¡ of suÞJecte a'Ltalning the concept

ürae 6s high in both cases that type of presentatlon had no effect.

SimuLtaneous and succegslve methads of presentation uere

alss compared by Eahtll and Hovland (196t), again using only

negatlva lnstances. In thls expe¡lment, a sllghtIy dlfferent

method of sJ"multanaous preeentatlon r,las employed in that stimull
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rderB presEntEd EucDe8sively but¡ orltr€ Expo8sdr ramÊlnEd 1n

vler'¡ for leter lnepeet5.on. Aga1n, mole colletrt rBBpDnsBs

uBrE r¡ade under the slruultengoua condltlsn that the Éucoeaaive

condttlon. In the suceeseive condltlonr memory Brroret

tronslstlng of hypotheses proptrsed uhlch htB¡E intrtrmpatlble

ulth pnevlouely sean but no longar availabLe lnEtanceo, u,sre

found to lncreaee Fstrgreaalvely rrlf.th the numþers sf Intervanlng

lnstances.

Bourne, Goldetein¡ and Llnk (1964) obeErved that slmultaneous

and suuceEelve preeentatlon methsds aE uaad by Cahlll and Hovland

a!6 tha end polnts of a contlnuum of stlmulua avallablllty.

Avatlabillty may be deflned ae the number of prevlouely expoaed

stlmull r¡hlch a subJect may lnapect Bn any trlal. In tha

eucceeelve condltlon no pravLouely preeented etlmull are

avallable¡ ln the slmultaneous Enndftlon all prevloualy

presented stlnull are avatlaþle.

Bou¡ne, Boldsteln, and Llnk conducted three experlmenta

to test the sffect of avallabLllty of prevloue stlmult. In

the flrst experimBnt from 0 to 5 stLmulf uere expoeed on any

trlaL and performance uas shou¡n to lmprsve aB the number of

avalJ.able stlmutl Lncreaeed. Thle effect uas msre marked

ln proÞlems bllth a larger number of relevant attrlbutea.

The outcome of thE seeond experlment ln uhlch 0 to 10 etlmul'l

h,Exe exFosad ùJaa elmllar except that pelfo¡tnance uoraened
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allghtly t¡hen ms¡e than 5 etimuli rrlere exposed on each t¡lal.

The final Bxpeliment suggested thali; the uo¡senlng efl'ect on

performanee of a lãrge amount of avallaÞIe lnformation may

i:e due to the limited time (15 seconds) the eubjetrtg tdsxg

allor¡¡arl in u¡lrich to make their reBpBnBBe. i¡Jhen this limlta'bion

uaç¡ rgmoved perflormBnse trontinuecl to Ímprqve ulhen up to Ei prr:vl-ous

stimuli uers avallable for lnspeÉ'bitrn'

A serles of studles bV Plehkln and t¡JÐIfgang (l9f:r5)'

Plshkln, bJolfgang, ancl Rasmussen (196?) and Plshkin Q9t'7)

e><ar¡llnerl 'i;he effect sn perfoxl¡lance of not only the number

but also the type of lnstanqes availaÌ:Ie. ünly the availability

of co¡'rectly sorted lnstances In a fsur-choice concept learning

task faciLttatecl petrfolmance¡ avaltalrlltty of incurrectly

sorhed inetanses cllcl nut effect perfoxmansË. tdhen co¡rectlve

fleedback Uas pr'ovidad on lncot¡ect1y sorted lnstancÉEr the

Ievel of performanÊa uas markedly improvEd, but again no

facllltatlon uas found fsr lnc¡Easlng numbets of thie type

uf lnstar¡ce avallshle. Theae ftndlnga may be lnterpretad

as lndlcatinq thaù þoth the atl¡nulus and lta correot caÈegory

must t¡e given ln order for the availat¡ility of paÊt lnstance

Ès facilitate concept learnlng.

The experiments cliaoussed thus fa¡ have been concluuted

only r'rlth conlunctlve pxoþIBInE. The effecte of avaflablllty

uf poeltive and nBBBtiVB lnstetnces l'or nonconJunttlye rules
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uere tronsldered by Bourne, Ekstrand, and Monùgomery (1969),

Thls expe¡lment dlffered from earller experlments also ln

that a selection procadure uras uead lnstead of the usual

receptlon paradlgm' The resuLts confirmed the lmportance

of the availabtllty of prevlous stlmull and thelr respective

categorles a6 a varlable affectlng trtrncept learning. The

relatlve effectÍvenasÊ of reüained inetancEe dlffe¡edr houevert

r,rith the rule. For example, pnsltÍve insùances b,Bre moDB

infnrmative ftrr conJunctfve and negative lnetances fsr conditlonal

concepts, ün dlsJunctlve and bùcondltlonal problems, subJects

appeared to beneflt equally from the avaltabtlf.ty of elther

inetanee type. Ho¡¡ever, for the bicondltlonal, avallablllty

of the rnoet frequently chosen instance type flacllitated

performancB,

In the ebove etudles the retentlon of lnstancec has bsen

under the c¡nt¡sl of the experlmenter' Tt¡E studies (Trabasso

and Bouer, 1964b; Eourne and 0r[3ani.onr 1969) have attempted

to determÍne the numþer of instancea subJecto are able to

recall thsmeelvee durlng conEEFt ldentlfj.cstlon. Trabasso

and Bor¡er teeted subJects for thelr recall of slx ntlmulus

na¡ds and thefr appropriate catagorles. Bve¡all the probabillty

of correct ¡ecall of an lnstance uraa only sllghtly above chancet

sven though subJacts r^Jere lnetructed beforehand that thelr

recall of inetantres presented uCIuld l¡e teetad as ueII as thal¡
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perftrrmancÉ at troncept ldentiflcatlon. A sa¡laI poeltlon

effect of the preeentatlon order tf Lnetances on reca1l uaa

apparent from the data. trn partlcularr the reeults ahor^Jed

clear evidence of a prlmacy efflect and also a smaller recsncy

effect in recall.

Bourne and 0rBanlon (f969) teeted recall of tnstancea

ln concept ldentiflcatlon r,¡fthout any prlor uarning before

the task. 5lx lnstanÉBs urexe agaln presented euceeeslvely

to the subJect r¡ho then stated an hypothaela about the sslution.

Slx problems uele prsE¡ented and Efter Boms problemE the suÞJect

u¡as asked to freely recall each lnetance and lte cetegory.

The later in the problem eerles racall blas requlredr the

poorsr recalL uras, sugqestlng that subJecta learn that

retention of the stlmulus pattern and its category ls unnaces Eary.

Llke Trabaeao and Bouer, Eou¡ne and 0rBanlon noted that only

a mlnlmal amsunt of lnformatlon uaa retafned. Thls observatlon

uas ln contrast to large percentage of probJ.eme solved | 76Yo.

AIso, Ilke Trabaseo and Bouet, Bnu¡ne and 0rEanlon obtalned

evLdence for both prlmacy and ¡ecenoy effecte ln recall ae

a functlon of ptesentatlon order.

It t¡ould eeem from thls evldence that eubJecte tend not

to retafn lnfo¡matlon about the concept ln the form of the

etlmull eneountered end thelr aseoclated cetal:¡llqg. flathel,

Info¡matlon that IE retalned brould appear to be de¡lved or
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abst¡Ected from eaElì lnstance presented. ft may be In the

forn sf a uo¡klng hypotheele of the eonoept or lt may repreeent

É.Eumrnaay of the aupptrE@d r,BlEvÊnEE of partlcula¡ att'¡lbutes.

Investfgatlona of the strategteB utlltzqd !'n oonoept learnlng

havE tndloated the exletense of t¡oth ef theaa fonna (Brune¡t

Eoodnotl, and Austln, L956). Retentlon of t'nforrnetlon ln one

or other of theee forms hee ùhe advantage of reducLng the

loEd on memoty, AeEoclated r¡llth such an advanùage, houlevett

1s the dtsadvantaga that aome lnfsrrnatlon must be reJeeted.

lrlhen lnformatlon relevent to the concept !.a reJected¡ parfornance

la lmpal.red.

ldhen peevloue lnetancee aDB avaLlable¡ no lnforrnation nEed

be reJected. XnEtead the taak þecomeE one sf selectlng the

approprlete sr relevant ettrtbutea f¡om the f.netancBs dlepteyed'

0bvloualy, 1f the categorlea tq u¡hl.ch instEncee ats aeeignerl

are not dlepl,ayed along r¡¡lth the lnsüancEr thla lnformatlon

muEt be stored by ùhe subJect' E!.nce euch lnformatlon Ie

htghty confuelble, memory erlora ln performance mey be

expeeted. tf lnaufflclent tXme le aLLoued ts f.nspeet the

avall.able etlmulL, egaln eBmB ¡.olevant lnfo¡rnatlsn t¿lll nqt

be sElocted as that performance rgll,L be lmpalrad. Furthermure

lf the arrangernent of avallable etlmull la Euch that rElevant

lnfo¡matlon besomeã difftcul,t to eeleet, perfonnantrE may also
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shÉr¡J I decrement. Thls possiÞility hae been demonetrated

by Bruner, üuodnou, and Austln (1956) usÍng ordered and

landom arÍays of etlmull, and may perhaps aceount for Laughllnra

(f968b) fallure ùo find an Lmplovement in perfolmance ulhen

subJects hrer6 suppliad utth pencll and pape1. 8E a memory aid.

General comments

This ¡evisu has attempted ts survey FgtsËarchcartled out

on the major task va¡iables In concept learnlng. Elearly

further blork iB necessary if the role of these varlables Ía

ts be fully understood. Some euggeetlons for future experlments

have Lreen made durlng the courËB Of the ¡avlet^1. One gap ln

preaent knouleclge t¡¡hich perhaps neede mtrr.E emphasizing ls the

study of tnteraoti.on effecùs betulean varlables. 1n many caE¡e€l

ln the preceding dlacusai.on, the effect of tt¡lo varlables

togetlrer uas dlflferenù from the sum of the effects of the

tuo varlables examlned aeparately.

LJhat concluslons have been made ln Èhls revleùr should

be taken lnto account ùJhBn consldertng the experlments to

foltor¡ ln suÞeequent chaptere. Unless lnformatlon ia pravlded

to the contrary, these experlments employ ln general a standard

plocadure. Thus, the stlmulus meterlal conaiets of geomet¡lcal

deslgns varylng along fsu¡ dLmenslons, eech dlmension having

three values. The ealLence of each of thsse dlmenstong no

dout¡t varleg, so effecte of parblcula¡ dl.menslons sre mlnimlzed
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through random eelectlon of the relevant attrfbute values

for each subJect and problem. Tulo relevant attrlbute

values are chosen 1n each caee. The ee¡.ectlon paredlgm

ls emplnyed ao the stlmulus sequentre preaantad fs under

the control of the subJect, except for the lnttlal lnstsnce

r.lhtch te determined by the experlmenter. In moet experlments

the lnlttal lnstance ls poeltlve. The effect of presentlng

a nagative fnetance at the start of a problem ls examlned ln

Experlment II. The rate et r¡hlch lnetances ÊrB eElected 1s

paced by the subJect and feedback 1s admlnistered lmmediately

follou1ng each lnetance salected. In all experlments the

stlmulus populatlon |s dleplayed on a table ln front of the

subJsct. In eome experlments st1mull a¡e arranged ln an

orderly, eystematlc array, ln others a random array fs used.

No memory alde are made avallable to the subJecù rr¡hlch he

may use to assiet himself in retainlng either prevloue instances

eelected and thelr categorleE¡ ox informatlon derived from theee

past aeLectlsns. Exceptlons ùo thls generallzatlon are

Experiments IV and U ln r¡hlch the use and effectlveness of

varlous artlflclal memo¡Íee form the oubJect of lnquiry.

Thle ¡evietl should not be regarcled ae belng exhaustlve

of all varlables presBnt 1n concapt learnlng. 0ther vallableB

not consLdered hare ahould alsq be mentloned, B.g. ¡ ager

lntelltgentrB, motlvatlon, peraonallty, soclal varlablesr ettr.



EEJJo

For the mtrBt paxt, these Ere variablea ctrnnected ullth the

suþJects 1n the experlrnentr Thelr omissitrn ls not Intended

to slgnify that they ale unLmportant in contrEpt ldenttflcatlon.

F{ather 1t ls an lndlcatÍon generally that Ilttle 1s understood

of the role of theae varlablee, mainly beceuse af rnethodological

dlfflcultles asasciated r¡1th thelr use ln controlled experlmental

studtes, No detalled revlehr of such variables ls presently

avallable to the knor,rledqe of the uLttter, L:Jlthout doubt,

thls fnrllcates serious neglect by r.,rorkers lnteraeted in concept

Ieatnlng. Nevertheless, a brl.ef fntroduction to the effects

of some of theee vnrlablea mety be found ln Eourne (19'o6) and

Jensen (1956). In the experlments to be reporterl ln thts

dlssertatlnn, the aubJacts are ranrlomly selected f¡om the

aubJect panl of flrst year studente dolng psychnlogy at the

Univerclty of Adelalcte. Accordtnc¡ly thelr average age lies

þetueen 1ô and 19 years and they are of above averaqe lntelllgence.

Each aubJect ls run lndlvfdually and the onJ.y othÊr person la the

raom at the tlme of the experlment ls the experlmenter, ulht:

glves the inltlal lnet¡uctlone, provldee feedback on each

tnstance selected, and decldee u¡hen each proÞIem le sompleted.

The motivatlon of the eubJact 1s asoumed to be controlled to

a large extenù by the lnstructtonÊ. It þecame evident ove¡

tha course of these experlments that many eubJects regarrjed

the taak as a teet of thetr lnteLllgence, desplte helng told
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otheru¡1se, Genera1Iy therefore it may be aseumed that

subJecta are highly motivated to psrform uell. The expe¡l.ments

are conducted ln a room ulhoãB surroundinge, ulhf.le pleaeanü,

are not llkely to diatrsct the eubJect f¡om hle task.

tlne othe¡ varlablE has not heen consldered ln thls

revleu, namely, Èhe logfcel relatlonshlp bett,rsen relevant

attrli:ute valuee or concsptual rule. f'lpet sf the studiee

so far dlscueeed have used elther afflrmatlsnal or conjunctfve

concepts. ûccasfonally experlments incotporatlng other

conceptual rules have been conducted and In moet Éaees these

have þeen menÈionsd along ulth ÈhE other studles. The alm

of the succeedlng chaptere 1e 'l¡o lnveetlgate the effect of

'bhi.s varlaþle on conceptual performancc¡. In conceptual

problems three types of lnstructlons to subJects may be

used (Haygood and t3ourne, 1965): firotly, subjects may be

requlreri to Learn þoth the relnvant aùtrihute valuee and the

rule relaÈing them ln the eoncept - complete learnlng ¡

secondly, aubJecte mav t¡e instrucùed concernÍng ühe partlcular

rule lnvolved ln the concept and eet tha task of ldentifying

the r:levant attribute values - attri.bute ldentlflcatfon;

final-Lyn subJecbnray tre given the relevant att¡j.bute values

of the concept and requlred to learn the ¡ule uhich combines

thelm - rule learning. Ulrtually all sf the sùudiee conelde¡ed

in thÍs chapter lrave utlllzed ona of the flrat tr¡o instructisnal



57.

Btrnditions. Relatively fer¡ studlee have f-nvestlgated

¡ule-Iearning, In thls dlseertatlon experlments on tha

attrlbute ldentlftcatlon of concepta are descrlbeC ln Ehapters

IIIf IV and V; rule-Iearnlng ls examlned 1n Chapter VI.
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EHAPTER 
'

ATTRIBUTE IDENTIFIEATION OF CTINCEPTE

EMB{ÐYING DIFFERENT LOGICAL RTJLES

In Ghapte¡ I ten dlfferenü nomlnal conceptual rulee

ù¡ere distlnqulshed for relatlng tr¡o rel.evant attrlþute valUEE.

In Chapter 2 lt ùras suggested that these rules represented

a varlable r¡hose effect on perfo¡mance requlred experlmental

lnvestlgatlon ln ühe same uray as othe¡ task varlables. fn

thls chapter thls effect ufII be Examlned ulth reference to

attrlbute-ldentlficatton taEke,

ct of t bute-ldentlflca d cult

Early studl.Ee of conceptual lllles brele conesrned for

tha most part rrrlth conJunctlon and lncLusl've dlsJunctlon.

Probably the fl¡st tdorkers to conelde¡ in any detall disJunctlve

concept ldentlftcatlon ùrErB Bluner, Goodnour and Austln (1956)r

urho¡ although they made no dl¡tsct tromPa¡lEon betb,een EonJunctlve

and dtsJunstlve ¡ulEs, suggeated that dlsJunctlve concapts

uBrE more dlfflcult to attafn, Latar and mole systematle

lnvestlgatlonE have confl¡med thle suggestlon.

Hunt and Hovland (f960) Etudled the order ln uhlch three

typea of concepts r.lere proposed as a soLutlon uhen all uere

conaietent rrllth a partlcular grouplng of etlmull. A tratning

serlea of posltlve and negatlve lnetancea uaË preeented to

each eubJect. The LnstÊnces ln thls aerl,es ule¡e choeen ln
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su6h a ùray that the poaltlve category could be descrlbed

Iogical.Iy elther by a conJunctlve, a dlsJunctive, or E

relatlonal rule. The relatlonal concept need nst ctrncaxn

us here elnce thle Ie fo¡med by an ordlnal ¡ule. The

tralnlng aerles uas folloued by a teet eeries of fnetances

ln uhlch the sublecü uae requlred to select those lnstances

t¿hlch r¡rere posltlve accordlng to the concept he had formed

durfng trainlng. Hunt and Hovlend found conJunctlve concepts

to have been fo¡med urlth graater frequency than dleJunctlve

concepts, Ifl frequency of fo¡matlon may be lnterpreted as

an lndlcator of the relatlve dtfflculty of each rule, then

lt can be concluded that conJunctive concepta are easlsr

than dLeJunetlve conoepts. It 1s apparent, houever, that

the task ueed by Hunt and Hovland uae not an attrlbute-

ldentlfiuatlon taek, but more llke a complete - learntng taek.

A reasonable queatlon to aak concernlng theee reaults, therefore,

ls ùrhether the dlfferencee obtained uere due to rule - learnlng

or att¡lbute - ldentlflcatlon or both.

An aneue¡ to the queetlon uhethe¡ such dlfferences trctrur

on attrlbute - ldentiflcatlon le fqund in an experl"ment Þy

tonant end Trabasao (1964). fn thie study eubJects uere

requfred to dlscover the solutlon to conJunctlve end lncluelve

dlsJunctlve problems uslng a selectlon procedure. ProbLems

of both types urere preeented to all subJects according to

a counterbalanced deslgn euch that half the euÞJects took
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trBnJuntrtlon fl¡st, the other half dlsJunctlon. The stlmulus

populatlon contalned fou¡ dlmenslone, each r¡ith tr,lo levels.

The reeults ehoued that dlsJunctlve concepts neceasltated

more trlale üo sslutlon than conJunctlve. slmlrar rEsurts

have bean reported for ftfth-grade shild¡en (DlVeeta and

trJa¡.Ie, 1969 ).

Racent studles have extended the numbe¡ of ¡ules conei.dEred.

Haygood and Bou¡ns (1965) compared performantre on fou¡ dlfferent

rurae - conJunctlon, incluaive dlsJunctlon, conJunctlve absencef

and cond1tlonal. The stlmull brere Esometrlcal deslgns

varylng un four dlmenslons each ulth ùhree levele. ThesE

r¡rBrE prEsented to the eubJeet accordlng to the receptlon

paradigm 1n a randomlzed BequentrE coneletlng of equal numbe¡s

of poeltlve and negatl.ve lnstances. Alr subJeete uere glven

five succeeslve problems lnvolvlng the same rule on each

problem. 0n the flrst problem rulee uere found to dlffer
markedly ln dlfflculty urlth conJunotlon havlng the least

Brrtrra and trlals to solutlon and conditlonal the moet; no

dlfferenc€! uaB found bett¡een lncrueive dlsJunctlon and rte

complement, conJunctLve absence. The dlffBrEntrBB betr¡een

¡ulee dlmlniehed r¡1th successlve problems, such that after

flve proþIems there appeared to be no dlffexentrE l¡etueen

conJunctlon, lnclueive disJunctlon, and conJunctlve abaence.

More trfals to solutlon r¡ere st1ll requlred fsr the condttlonal,

houevEr.
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Elourne (L967) examlned the relatlve dlfflculty of the

conJunctfve, lncluslva dleJunctlve, condltlonal, and bicondftlanal

ruleE, uafng a atmllal procedu¡e to that employed by Haygood

and Eourne u¡lth tt¡o changes. Flret]y, stlmuli ùrBr.B presented

ln such a rúay that, ulthln each aet of 40 t¡laler the numÞers

of TT, TF, FT, and FF lnstances uBrB equeted. Secondlyt

aubJecte urere Frovided r¡lth aample patterns flluetratfng the

pf,oFer res¡ponss aealgnnent of each of the fsur etlmulue trlaEBEg.

This tatter modlflcatfon meant that, tf the subJects unde¡etood

the rule, descrlbad and demonstrated ln the prelÍmlnary

lnet¡uctlonsn and lf he had acgulred the notltrn trf etlmulus

claesee, and tf the four eample patterns ürere properly

chosen, then aufflclent lnformatlon UE¡s avallabla at the

beginnlng trf a problem to ldentlfy the tr¡o IBIÉvant attrlbute

valuee of the concept. The reeulte ahorded that, on the

firet problem, Bri,orE uere made on aII rules, For thls

problem rulBB dlffered ln dlffltrulty r¡lth the o¡der from

easlest to most dlfflcult belng tronJuncilonr lncluelve

dlsjunctlan, cond|tlonal, and blcondltlonal' The effect

of the tuo procedural modlflcatlans r,ras to reduce the dlfflculty

of attrlbute - ldentlflcatlan, but not sufflclently to overooma

rule dlffe¡ences. The relatlve contrlbutlons of each

msdlflcatlon to thls raduqtlsn cannot be ascartainad. 0n

later problems, houlever. the effect of maklng aampLe patterns
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avallable could be clearly seen by the fact that no Brrora

uere made prlor üo concept identlficatlsn, Thle bras true

for all rules, although the ordfnal nurnbers of the fl¡Et

problem on uhlch no exrora Eccurred for the various ruLes

ahobrEd a simlla¡ rsnked o¡der to the ranklng of rulee according

to thelr dffflculty on the fl¡st prohlam. Thue, errorless

performanoe uas ¡eached fs¡ the easleet rula, conJunctlon,

EBonEr (probLsm tuto) than the most dlfflcult rule, blcondttlonal

(problem eÍx).

Laughlln and Jordan (L9É7) compared the dlfflculty of

attrlbute - ldentlfloatlon of conJunctlve, lncluslve dlejunctlve,

and blconditl.onal. concepts. The etlmuÌue dlsplay employed

ùrËrsi tr systematlcal,ly arranged trrray of carde havlng elx

dlfferent colour attrlbutea, each havlng tuto values - plus

o¡ m1nus. In cunt¡aat to the experlments of Haygood and

Bourne, Laughlln and Jordan uttllzad a selectlon procedure

ln uhlch eubJecta r^rere free to choose thef.r quJn lnstancee

folLor,rlng an lnltlal posltlve lnatance. Thetr ¡esuLts Ehoued

some departure from tha Haygood and Bourne findlngs, fn

partlcular the relatlve dlfflculty of the blconditlonal.

They found blconditlonal concepts to be alqnlff.cantly less

cilfflcult than dlsJunctlve concepte for both numbe¡ of card

cholces and tlme to solutlon¡ no slgnlflcant dlfference rüaa

obtalned betr,rean conJunctlon and blcondlticnal.
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Leughlln (I968b) examlned the reletlvE dlfflculty of

etght conceptuel rules. AgaLn he ueed a stlmulua unlverse

ulth elx tr,n-valuad attrlbutga. The eelectlsn paradlgm uas

employed eu that the procadure on each trlal aftar the lnltlal

poeltlve lnatance L¡as aB felloure¡ (1) the subJect seleeted

a eald, (2) the exparlmente¡ lndlcated rdhethsr the card uas

poaltlve ot nBgatlve, (l) the subJect made an hypatheals of

the concept¡ (4) thLs hypotheale urea confirmed sr dlstrOnflrmËd

by the BxpBtlmsntËr. ThE reaults repolted Þy Laughlln

revealed a sfç¡nlftcant effect of rules r¡lth an o¡der sf

lncrEaslnq difflculty of conJunotlonl conJuntrtlve abeencet

excluslon, Extrlualve dleJunetlon¡ blcondltlonaln dlsJunntlve

abeence, lneluslve dlsJunctlon, and condltlonal.

An ldentlcal. o¡der of ¡.ules uas obtalned by Blamb¡a (f969)

for the numba¡ of trlale to attrlbute-Identlflcatlon. In

thls experLment the seleotfon procedurs uras agaln used r¡1th the

modlflcatlon that half the subJeete uese presented ulth a

ptrBltive lnstance as the lnfttal eard, and the sthe¡ hal'f

r¡ith a negatlve l-netanoe. Tu¡o dlffe¡ent etlmulus populatlone

l¡JBtÈ utlllzed ln tändün Érrays. HElf the subJecto hle¡e presented

r¡lth a dlsplay havlnq three tulo-valued attrlbutes, ¡¡¡hlle the

othe¡ hal.f had a dtsplay r¡1th fou¡ tbJo-valued attllbutea'

It seema cLgal from thle revtsu thaü therE arE Fellabl'E

dlscrepancLea fn flndLngs on the relatlve dlfftculty of
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dlfferent EonËeptual rules. Theee dlscrepancles may be

dlvided lnto tr,¡o parto. FlrsùIy, Lauqhlln and Elamb¡a

dlffe¡ from Haygood and Bourne 1n the euggeeted orde¡ of

dlfflculty of the so-called rrbaslcrr rules. Laughlln end

Ëiambra paelt thle ordEr to be conJunctlon, Þlcondltlonalt

lncluelve dleJunctlon, and condltlonel. Haygood and Bournet

on the other hand, euggeat the order to be conJunction,

Íncluslve dleJunctlon, uondltlonal, end blcondltlonal.

tiecondly¡ Laughlln and Glambrara rasults indlcate that the

Ioglcally complementary rule le not of the eame dagree of

dlfflculty as the l¡asic ¡ule lt complements. Haygood and

Eourne, houlevet, found lncluelve dlaJunctlon and lte complementt

conJunctlve absence, to be elmllarly difflcult. In the

dlecueslon r¡lrtch follor¡¡e r¡e sha1l uoncentrate malnly on the

flrst of theee dlscrepancles, that ls, the order of dlfflculty

of the four trbasitrrt rulea. Iü la qulte lIkely, nevertheless,

that much of uhat ls sald ls alao relevant to the second major

dlecrepancy llsted aÞove.

VarLablee lnteractlns ulth rulea

It 1s apparent that the effect of rules Es a varlable

ln concept ldentlftsatlsn ls lnteractive r,.rlth the effecte sf

nther task condltlone r¡htch vary betr,leen the tuo eets of

experlments. Several methodologlcal differencBs can be found.

0f theee, thrse ean be ldentlfled rrlhlch may pos6lbly account
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for the dlscrepant findlngs.

Flrstly, the etudies by Haygood and Bourne and Laughlln

and Eiambra dlffer ln the emount of stlmulus varlabillty

lnvolved. Haygood and Bourne ueed a fou¡ attrlbute, three

valued (4 - 3) stlmulus populatlon. Laughllnrs stlmulus

populatton had alx att¡lbutes each urlth tt¡¡ values (6 - 2).

Efaml¡ra used turo levels of lnterdfmenslonal va¡labIllty;

hle stlmulus dlsplays contalned elther th¡ee or four binary

attrlbutee (3 - 2 or t+ - Z). The lmportant dlfference

iretueen Haygood and Bourne, on the sne hand, and Laughlln

and Ëlambra, on the other, Is the level of 1nt¡adlmens1snal

varlabtllty employed. Argulng ftom consideratlons of the

strategles subJects uee i.n solvlng concepte, Laughlln (1966b)

suggee'bed that hls rllsplay facLlltated the solutlon ef

blcondltlonal concepta compared r¡i.th that used by Haygood

and tlourne slnce 'rblcondltlonal concepte are probably relatively

ilsre dlfflsult than conJunctlve or dleJunctive ae the number

of valueg p@r attrlbute lncreasgs.I Unfortunatelyr no

emplrloal Evldence on 'the effect of varylng the level of

lntradlmengl-snal varlablllty ls avallahle for the varloue

rules. In the otudy by Haygood, Ha¡be¡t, and Omlor (I9?0)

ln uhl.sh performantra u¡as found to lmprove ln n poeltlveJ.y

deceleratlrrg fashlon u¡lth lncreaslng number sf valuea per

attr.lbute, only unidlrnenalonal or afffrmational concepts
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urexe uBEd. A recent study by Laughlin (1969b) haa sought

to campare the effect of a 4 - 3 etlmulus unlvers¡a as used

by Haygood and Elourne ullth a G - 2 atlmulus unlverse uhich

he hlmeelf ueed prevlously. His reeulte ahouled a signlflcant

RuIe X Unlverse lnteraction. ThIe lnteractlon effect uee not

eeen in the order of rrbastcrr rulee, houever. For þoth

stlmulus univetses, the order from easleat ts most dlfflcult

urae conJunctfsn and bicondltlonal, lnclusive dlaJuncti.on, and

csndltional. The lnteractlon effect uae due ¡ather to the

relative dlfftcuLty of conJunctlva abeEnce uith the tuo

unlverees. UnIike othar rllles, cnnJunctlve absentra troneepta

uere not ldentlfied ln feuer card cholcee ulth the 4 - 3

r.¡nlversa than the ú - 2 unlve¡ee. Evldentlyr the amount

nf stlmulua varlabtlf.ty le not the factor uhoee lnteractlon

rrlfth conceptual ruJ.e nay ba uged to account for the dlscrepant

orders of ttbaalcrr rule dlfficulty.

A aecond procedural rllffe¡Éncs Ia the fact that Laughlln

and Eilambra both employed the aelectian procedure, ulhila

Hayqond and Bourne adopted the leceptlon procedute. In

tho pravloua chapter evldence ¡evleued comparlng the tuo

procedures yoked so that each receptlon aubJect recelved

the sams lnatancee ln the eame ordpr aB E geLectlon eubJect

uae lneoncluslve. One reason uas a raport by Schrrrartz (1966)

of a slgnlflcant lntarantlon bett¡een thE type of proceduta



67.

BmpIEyBd and ctrneeptual ruIE, Laughlln (1969b), houever,

uas unable to fllnd any such lnteractlon effect, and thls

result together ¡¡ith several other obJectlone to Schr,¡artzts

experlment clted ln the prevloua chapter uere ueed to ralee

doubts about hlE concluslons. A recent atudy by Elambra

(197U) appears to conflrm Laughllnte ffndlng of no lnteractlon

betueen procedure and rule. In thls s'budy the condltlonal

rule uas found to be Less difffcult than the blcondltlonal

on both the seLectlon and yoked reoeptlon procBdures. An

lnte¡estlng point to note he¡e ls that the o¡der of rules

reported by Efambra (1970) ts the Bame aE that reported by

Haygood and Bourne, even fsr the aelection procedura. The

typa nf procedure employed, therefore, doee not appear to be

able to accaunt for the discrepant orders, ftretly, because

of a lack of cancluelve evidence of an Interactlon betureen

rule and mode of presantatlon, and secondly, because the

dlecrepant o¡ders occur even usLng the same mode of presentation.

E1early, some other varlable la operatlng.

A cloaely related varlable methodologically to mode of

presentatlon le the eequence of lnatances Bntrountered by

the subJect. In Laughllnta (1968b) and Elamþ¡ata (1969)

axpertments the BBquBntrB of lnatantrBs kJaB selected by the

aubJect hlmeelf aflter the lnltlal lnstaneeo In Heygood and

Bou¡nete experlments the eequense of lnstancea uJas programmed
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by the experlmenter accordlng to predetermlned condltlons.

Theee sondltlons uere flretly, that the aequenee of lnstances

uae randomlzad, and secondly, that the sequence should contaln

equal numbera of posltlve and negatlve lnetances (Haygood and

Bourne, 1965) or equal numbers of TT, TF, FT, and FF j.nstances

(Bourne, L967). Theae condltlons affect lnstanee Etrntlgutty

in tuo ürays. Flratly, randomlzlng the lnetancea presented

effectlvely mlnlmizee the amount of fnEtance contlgulty,

glven consùralnte in the propartlon of poaltfve and negatlve

lnstances. Evldence on human randomnesÉ (Baddeley, 1966)

lndlcatee that suÞJecte on the selectlon paradigm ÊrB unllkely

to salact lnstancea completely at random, even lf they are

instructed to do ss. It BBBmB Llkely¡ thereforer that the

BEquEncBa subJeote generate themselvee rr¡i.ll dlsplay greater

contlgulty ùhan e random åEr1ee. It la doubtl't.¡l, houevBr,

all other thlnge balng equal, that the contiguitrT of eequencee

generated for some rulee ehsuld be greatsr than cìr lese than

fqr other rulee. It eeema unllkely, therefote, that thle

dlfference betureen Laughlln and Blambra¡ and Haygood and

Bourne Êan atrtrount for thelr different flndlngs on rule

dlffieulty. Secondly and mora lmportantly, the amount sf

fnstence contlgulty ls a functlon of the proportlon of posltlve

lnstancea ln the EÉquence. The hlgher le the proportlon of

poaltlve lnstancee, the qreater le the amount of lnstanoe
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contlgulty. The parcentage of posltlve lnetancea ln the

sequenËBs preaented in the experlmante by Haygaod and Bourns

1s easlJ.y determlned for each rule from the condltlone Dn

r¡hich thelr sÉquËnoee uexe baeed. Thus, in Haygood and

Bourners (1965) study the eequence Eontalned 5B% posltive

lnstanoes for all ¡ules. In the experlment reported by

Bourne (f967). 25y' of the instances for conJunctlon ulere

posltlve, SOyo fs¡ bicondltlonal, and 7596 for lncluslve dlsJunotlon

and condltlonal. Unfo¡tunaÈely, nelther Laughlln nor Gfamhra

report the proportlon of poslÈlve lnetances selected on any

rule. This lnformatlon le essentlal for meaningfluL compa¡lsons

to be made betr.,¡een the EiequenceË generated ln thslr axperlment

and the Bequencee presentad by Haygood and Bourne. Ifr for

example¡ e greater percentage of poaltive lnetancee r¡are found

to be selected for the btconditional than presented by Haygood

and Bourne, then thla uould mean that lnatance conttgulty on

thla rule LrEB greater ln Laughllnls and E1amb¡aÌs experlments

than Ln Haygood and Bournefe, r¡hLch ln turn r¡ouLd fmply that

the blcondltlonal uae relatlvely eaele¡ ln the fo¡mer set of

experlmente than the latter.

Some lndtcatlon may he galned of the percentage of posltlve

lnstances selected from the parcentage of the stlmulus populatlon

ruhlch r¡rare poeltlve lnstancee. Thla, of couree, aseumee that

sutrJecte ahoose lnsùancea rendomly, an aeE¡umptlon uhlch has
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already been queeti.oned. If thls aseumptlon bras true, tt
r¡ould mean that the proportlon of poaltive lnstancee eelectad

ln Laughlln and Giamb¡a wae 25|/" for conJunctlon, 50.Í for

bicondltlonal¡ and ?59A fo¡ lnclusive dlsJunctfon end condltlonal.

Êompartng thle urlth Heygood and Eourne (1965) euggeats that

lnstanoe contlguity may have been greater fo¡ lncluslve

dlaJunctlon and condttlonaL, and lsss for conJunctlon ln

Laughllnrs and Elamb¡ats studles. F¡om thls lt oould ÞE

concluded that lncluslve dlsJunctlon and conditlonal uould

bp relatlvely easler and conJunction relatlvely more difflcuLt

in Laughllnrs.end Elambrare experlmants than 1n Haygood and

BournerB, Thls concluetqn, houever, ls completely contrary

to urhat hae been found for lnclusive dlsJunctlon and condltlonal.

Perhape thls confllct betr¡Een predlctlon and resul.t may

he resolved by consfderlnq trrro fu¡ther observatlons about

poaltlve and negative lnetances. These are ff.reùly¡ that

posltive and nagatl.ve lnetancee may tranemlt dlffe¡ent amounts

of lnfornatlon relevant to the concept. The effact of the

nonequlvalence of lnformatlon of posltlve and negetiva lnstances

has heen lLlustrated by Eourne and Guy (1969þ) uho shor¡ed

that condltlonal, concepte are mErB easlly ldentlfted f¡om

more lnformattve negatlve lnstanees than from lese lnformatlve

posltive lnetanceE. hlhen, houever, the lnformatlvenees of

poeltlve and negatLve lnstancEs ls approxlmately equlvalent,
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as for incluslve dlsJunctlon r¡tth a 4 - 3 stimulus unlvernet

cnncept identlflcatlon ls tretter r¡1th pBsltlve instances than

negative inetances. Thls is the second aspect, namely, that

othe¡ thlnge belng equal, eubJects E¡BBfIl to prefel to pro6gË¡s

pûsi.'biva infor¡natlon than negatlva lnfsrmatlon'

Theae oþssrvations euggeet the fotloulng predlctlons for

rula difficulty ln thE tr¡o sets of experLmente. lile shal1

again asE¡umE that auþJects ln Laughllnrs and Elambtars

expellments selected lnstances ln the EamE proportlon as they

scnurred in Èhe stlmulus populatlon. To begÍn, the experlment

by Haygood a¡d lilourne (f965) r¡11I Þe related to Laughlln end

Giambre. For conJunctisn, positlve instanseÉ are mors

j.nforrnattve than negatlve lnstanpes. Thus, the lor¡er propor.tlon

of positlve tnstanqes 5.n Laughlln and Ëlamb¡a compared uith

Haygood and Fuurne 6uggesta that conJunctive concnpts should

þe relatlvely Inors dlfflcult 1n ttre fotmer experÍments. For

lnclueive Ci sJunntion, the slÈuatfon ls compllcated Þy the

fact thaù, fsrbhe etimulua unlveree employecl by Laughlln and

Glambra, nggativgÉ¡ arg more lnformatlve than poeLtlves, r.r¡hereas

for Haygood and BournBrs univerae, poeltlves and negatlvee

convey approximately the same amount sf Informatl-on aþout the

concept. Perhapn a tentatlve solutlon can ba reachad hy

conslderlng tha data provlded by Bourna and Euy (19gBb). Thls

data may poaslbly he interpreted to uuggeet that changes ln
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or dleJunctive groupsr but meny in the condltlonal and

bl.condltlonal groupË requeated further clarlficatien of

thel¡ conceptual type. ldhen the subJect Lndlcated he

uas ready, the task ulas begun. The typed Lnstructlons

sheet uas avaflable throughout the taek.

2. Results

The mean and standard devtatfon of the number of card

cholcee to Eol,utlqn for Each coneeptual ¡ula and problem

are glven fn Table l. An analyEfe of variance uae performed

on thle data tranefo¡med by a oquare rooü transformatlon j.n

order to make the varlaneea more homoganeousú The effect

of conceptual rule uras slgntflcant, F (3, qB) = 1I'07r

F<.90I, and a slgnlflcant dlfferentrE blEts aIEo found betueen

probleme, f (4 J92) = ?.18¡ E( .001. No slgnlff.cant

lnteractlsn betuaen tronceptual. nulea and problems uaa obtalned.

Eonceptual RuIe

EonJunctlon

Inclusive
DloJunctlon

Eondltlonal

Blcondftlonal

L3.5
11.0

19.6
1.4.I

1,5.5
15.9

5.5
6.?

25.8
]-t.2

15.5
I0.2

2.8
4.5

Lg.2
16.4

10.4
9.0

25.2
18.6

29.9
23"6

L7.3
lE.5

Mean
5.0.

Mean
s.D.

Mean
S.D.

Maan
5.0.

2.2
4.'l

10
¿t

14.6
15. I

r3.4
6.0

rB
.4

15.Ë
rl.5
22.8
16.0

1r.8
16.1

I
4a

a

3
4

Froblem

I

TABLE l. Number of card cholees to solutlen.
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A eumma¡y of thls analysla may be eeen Ln Taþl,e 2. A poet

hoc analyola uslng the ßleuman-Heuls method for multi.ple-tartgE

comperlaona (lrllner, 1962) revealed¡ fsr rulee, elgnlflcent

dlffereneas baüb,een conJunotlen and othEr ¡uIEc (g(,01)r

and þet¡,¡ean the blconültlonal and thE eondltlonal" (g(.05)¡

for problemer rnora t¡lalE UEEB DeElul,red on ProblEm L than

on othe¡ ploblama (g(.01)¡ and an P¡oblem 2 than on P¡oÞlem

s (g(.05), A factorlal enalyels of trsnd (u¡lnerr L962)

lndlcEted that the erder of rules - trEnJunctlonr b!"condttl.onalt

lnclualve dlaJunctlon, and eondltlonal - ehst¡ed a htghly

slgnlftcant llnea¡ t¡end euch thet 9J.3iÊ oî the varLatlon

ln dlfflculty for the eonceptual ¡ulea could be peedlctEd

by a llnear rogreealon equatlon. ProþlEme a¡,eo dtsplayed

a eLgnlflcant llnsar t¡end for dec¡eaafng dffftsulty tulth

lnc¡easlng number of problEme such that 93.5it aî the vErlatlon

betr¡¡een probl,ena could he predlcted from a llneaa trEgreeelon

equatlon. A graphleal repraaentatlon of theea flndlnga

ean be found ln Flgure 1.



FIEURE 1. Ëean nunbe¡ of card sholces to eolutlon
fo¡ each nul,a trvsa the 5 Probloma
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Source of varlatlon

Betureen subJects
Rulea

SubJecta ulthln groupg

lrllthln aubJects

P¡oþlems

RuLee X Problems

P¡oblems X SubJects
ulthln groups

P

<081

.oEl
N.S.

TABLE 2. Summary of anal.ysts of varlance on Ùhe number of

trlals to solutlon tranefurmed u6lng a Equare-root tranefor¡natl.on.

The type Ef lnetances choeen ue¡'e mEaeured in terme of the

percentage of negatlve lnstancae eelectgd on aaeh prot¡lem for

each conceptual rule. A summary of thls analysls fs glven

ln Table 3. 0f course, the percentage of posltlve lnsÙan6tsE

ie found from the percentage of lnstansea selected uhlch urere

not negatlve. The percentagea glven ln Table 3 may be compared

r¡¡1th the percentagg of neqatlvE lnstances úocuplnq in the

stlmulue populatlon for Bach type of concept - sonJunctlon 88.9yur

lncluslve dleJunctlon I+4.1r9é, condltlonaL 2?.4o, and blcondltfonal

4t+.4%. A slgn teat lndlcated that a louer percentage of

negatlve lnEtances uJsre eelected for conJunctlon on all ProbLems

(g(.001)r for lnc1ua1ve dleJunctlon on all problems (g(.001)r

180.1+5

1,55.56

221+.89

299.28

f,s.99

r4.38

zqo.0I

51.85
E.69

8.97
l. u0

L,25

5t
t

48

208

L92

L2

4

11.07

7.18
<L

D.F.5.8. Ifui.5.
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and ftrr bLcondltlonal an Probleme 2 (g{.05)r 3 (E (.0I)r

and 5 (p(,05). The same test lndlcated a hlghen percentage

of negatlve ínstancea uere selected for the condltlonal on

Probl,ame 2, 3 (both E('01)¡ and 4 and 5 (Þoth p(.001).

Eonceptual Rule

EonJunctlon

IneluslvE dieJunctlon

EondltLonal

BlconditlonEI

39.2

2617

25.7

b2.L

27.5

23.ê

3Ê.2

E0.z

36.b

25.4

Yr.3

.il.6

?8r6

2'l.L

42.L

44.3

¿Ì0.6

26.6

4¿1.0

34.0

TABLE 3. Mean percentage of negatlve lnatancee selected.

Spearman ¡ank correlatlons u¡ere computed for each type

of concept betueen the percentage of negatlve lnetancEs

chosen and the numbe¡ of card choices to aolutlsn. The

csrrelatlsns obtalned uete, for conJunction, rho (63) = 8.57 t

g(.00L1 for lnclueive dlsJunctlqn, rho (6t) = 9.29, E1 .ÍJ5t

for condf.tlonaL, rho (63) - -0,38, g(.01, and for hlcondf.tlonal,

rho (65) = 0.20r E(.2f1,
Inetsneea u€ra aleo analyeed lnto stLmuLuE claeses -

TT, TF, FT, FF. The mean percentage of each of these four

5432I

Problem
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Eoneeptual Rule

ConJunctton

InclusLve dlsJunetlon

EondiÈlonal

BicsndLtlonal

TABLE 4. l{ean percenüage of fou¡ claeses of lnstancee

selected taken ovet all problemg.

claaaes of lnstancEe selected for each rule calculatEd Bver

al.l problema ls glven ln Table l. Theee percanÈagee can be

campared ulth ühe percentage of each type of lnetance as lt
oceurrEd fn the stlmulus poFulatlon - TT LL.L%, TF ZZ.ZIÁ,

FI 22.2oÁ) and FF 44.¿l%. 51gn teEts ehorúed that a hJ.gher

percentage of TT lnstances (g(.901) and a louler percentage

of FF lnsùancee (g('.801) ulere selected than r¡ere preeent ln

the stimurus populatlon fsr alL lurEs. ldtth rF lnstantrBs,

a hlgher peecentage h,as seleated for condttlonal (p (.001)

and louar pertrEntages for eonJunetlon (p(.006) and bicondltlonal
(p(.001). ldlth FT fnstancea, a hlgher percantage uas ealectEd

fo¡ lncLusive dlEJunctron (p( ,002) and lor¡¡er percentages for
conJunutton (p( .A92, and condltlonel (p(.OBt).

3.0

26.9

2L.g

22.6

L5.5

29.2

16,5

23.7

L5,9

21.8

36.5

14.8

65,5

23.Í)

25.2

3B.g

FFFTTFTT

Stlmulue Elass
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Slnce the numbE¡ Ef trlaLe to eolutlon t¡sE not fuund to be

e!.gntfloantly ¡elated to the proportton of PgsltlvB lnatances

BalËcted on thÉ blconditlonal, En est!.mete of the correl"atlon

þetueen thle perfo¡manoe measur'e and ths parcentage of TT end

of FF tnatancee lJãE obtatned Uslng Bpearruanlg rank BorrÉlatLon

Èechntque. It ¡¡t1,1 þe ¡aalLsed that TT and FF lnstances ar'e

the tun typaa af poaltf.ve Lnstgnces for the blcondltLEnal.

Etgnlflcant comelatlsns ue¡a found r¡lth both typee of

ps6ltlv€ f.netanoe, but the elgrnof the correlattone uera

opposlte. Fst TT tnEtancsa, rho (63) - - 0.51, E,(.flfll¡
fo¡ FF lnstancee, rho (63) - [¡.3Jr E(.01. A almllar analysle

ulaa performed fo¡ lncluelve dlsJunctlon. Fo¡ thla lule, TT

lnetancEa yielded rho (63) - - 0.46r E(.filll¡ for l,nstancBe

ulth onty one sËl,Evant att¡lbute valug (!'.e. TF + FT)r

rho (63) '- 0.17¡ g<.29.

5. DIEeueelon

The resultE lndlEate that thE aEcendlng older of dtffltrulty

of conoeptual ruI€E ln thts Bxperlmtsnt ts csnJuntrtlont

blcondltlonal, lnelue!,ve dlsJunctLon, and Êondltlonal. Thls

ls the EamB ordel aB ÙrEE Ebtglned by LaughLln (r968b) and

Blarnb¡s (1969), but dlfferent from the order reported Þy

Haygood and Bourne (1965) and Bourne (1967)' EvldenÈlyt

amount of Etlmulus varlablllty lE not the factor psgduclng

the tr¡o dlfferent ordera, elnoe thE atlnuluE unIvBrBB Employed
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in the preeent experlmenÈ t¡ae the same ae that utillzed by

Haygood and Egu¡ne, Evldence ples¡Entgd ea¡Iler ln thle

chapter Buggests that the type of Psocadurer receptlon

vereua eelecùlon, doea not lnteract ullth conceptual rule

so aB to explai.n the tuo ordersr elthEr,

In the [nÈrsdustlon to thta expq¡lmgnt an a¡.gumÉnt brag

developed propoalng that the dfEcreFant ordere of ¡ulee uJere

duE to rllfferencee ln the aequentrBa of lnetancea BncountBred

by subJecte ln Haygood and Bou¡nere experlment and tn the

expertmenta by Laughlln and Elambra' $lnce no data brac

BvÉllgble from Laughlln or Glarnbra on the type of lnstanoee

selected fo¡ each rulB, Lt r,mE aasum@d then that aubJecta

eel,ected Fosltlìtg End negstfve lnEtances ln Ëhe psoFor,tlon

tn r,¡ürleh they occurled in the atfunulue Popul'atr.on. The

prBEBnt reEulte shob¡ that on almoet eve¡y pr.ob¡.Bm and fo¡

all rulea, thta aeaumption le falae. Rether, they lndlcate

that eubJecte have a tendency to select more posltlve I'natancee

for conJunctlon, lncl.uslve dtaJunctlon, and blcondltf.onal.t

and more negatlve lnatancea fur condltlonal. Enmparod ullth

the 50% poeltlvs and 58![ negatlve lnatansets p3tssented for

Batrh rule by Heygood and Bøurne, thta msane that subJtstrts

aelectEd a htgher proportl6n of Po€ltlvg tnetances and a

ctrrrÉBpondlngly lou¡s¡ proportlon of negatf.ve lnstancea fo¡

eech ¡ule ln the present experlment.



83.

A aesond aeeumptton ln the argumant set out fn thE

lntroductlon uas that perfo¡mance uaa lmproved aE the

proportlon of poeltlve lnstancea üJEE lncreaEed fo¡ conJunctlont

lncluslvE dleJunctlon, and blcondltlonel, but fo¡ thE condLtlonal

bEtte¡ performantrB ürtsE produced by lncreaetng the proportlon

of negatlva lnstancaar Support for thle aeeumptlon cDrßEE

f¡om ths cE¡¡elatlone betueen thE percenüage of negatlve

lnstancee selected and the number of trlala to eolutlon¡

poaltlve correlatl,one ¡¡ere EbÈalned fo¡ conJunctlont

tncluslve dlsJunctl.on, and blcondltlonal, r,rhlle the eondltlonal

y3.elded a negatlva correLstlon.

From tha dIffsrBnEEE noted bEtuaen the palcentage oln

poaltlve and negatlve lnatanoea preaented by Haygood and

Bourne and eelected by subJects ln the present expertmentt

It oan be deduced, therefore, that performancE ln thE preoent

experlment should be facllltated on conJunettpnr lnelucfve

dleJunctlon, and blcondlttonal, but reüarded on condltionalt

relatlve to performance ln Haygood and Eournels experlment.

Thle acsounta for the plece of conJunct,Ive¡ lnclusÍve dleJunctlvet

and eondltlonal rulea ln the o¡ders of dlfftcutrty obtalned ln

thE t¡,¡o experlments, but eome further explanetlon le necessary

to shoù, uhy the þlcEndltlonal ehould be aeEumed to þe the moef

dtffiqult rul,e ln the Haygood and Bou¡ne studiesr u¡hen lt haa

t¡een fEund to be relatlvely aasy ln thls expertment and In the
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expeDlments of Laughlln and Glambra. thlE le made mstrB

obvfoue uhen lt ia recalled that the correl.atton betuleEn the

percentage of negatS.ve lnetancee and the number of trlals to

solutlon for the blcondttlonal uae lou and non-slgnlflcant.

Thua, thE dlfflculty of the ruLE tE leea llkely to bE affected

by a changa ln the proportlon of negatlve tnstantrse encquntered.

The evldence for the Ext¡ene rel.atlve dlfficulty sf the

hlcondttlonal comea from Eourne (1967). Applying tha ssme

argument to hLs experlment ae ¡¡aE uaed aÞovE on Haygood and

Bourne (1965), houever, etlll dsee not fully account for the

dlfferent s¡ders obtalned. In Bournele exparlment E5%

poeltlve lnEtances u¡Bre preeented ove¡ 40 trlals for conJunctLont

75* Fst lncluElve dieJunctlon and condltlonal, and 58% fo¡

the blcondltlonal. Comparlng theae percentegee ulth ühe

percentagee choeen by subJects ln the present experlment

euggeeta that conJunctl.on, condltlonal¡ and blcondltlunal

ehauld shou¡ some faclllÈatLon ln the preaent experlmentt

r¡lth no change for Incluslve dlsJunsttsn. 0nce agaln thla

peedLcttsn sBBmE to f!.t the data for conJunctlon, lneluElve

dlsJunctXon, and cond!.tfanal,, but doEs not account fE¡ the

relatlve ease of the blcandltlonal.

Poselbly the dlecrepancy le due to the sther modlftcatlon

to the procedurE fntroduced by BournE (1967). Thls L¡ee to

provtde the subJect u¡1th sample patterna ehoulng the resptrne¡s

aaslgnrnent of each of the four stlmulue claeeeE - TTr TF, FTt
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snd FF. Perhape E¡onelderable dtfflculty ls experlenced utth

the blcondltlanal rule tromPÊled ulth othar ¡.ulgÉ ln ldentlfytng

the relevant attrLbute Vtrlugs from these sample pattarna'

Unfortunately, Bourne dld not r.un a Éontlol grouP of aubJecte

r¡ho r¡e¡e not ptBEBntBd r¡lth sampl'a pattBrtle¡

Looklng at the psopsrtfon of TT, TF, FTf and FF lnetancEs

EBIetrüBd Ln the Ptssent BxPerLmentf 1t is apparent that

lnstances fneÐ theee four classeE UerB not selaeted ln the

sBmB propo¡ttone a8 otrcur¡red ln the attmulus FoPUIÊtIon ftrr

any of tha ¡ulee. In pertlculå¡'r aubJects dleplayed a clea¡

tendeney to chooae rnoae TT lnstanoes and leas FF lnetanBcte.

The fsrme¡ obee¡vatlon ls of l,nterest [n vler¿ of HayBBod and

Devr.ners (1967) demonetratlon that among the pogltlve fnEtancea

of lncl,ualve dlEJunctlve and bl,ctsndlttonal eoncepte, those

exhtbltÍng both ¡alevant attrlbute valuea (1.8. ¡ TT lnstancee)

prgdutrBd bettEr performance. Eo¡rELatlone hetL¡BEn the

Ftoportl6no of eatrh type of posltlve lnetance s6lscted and

performantrE for lncluaXve dLsJunctlon Bnd blcondltlonal ln the

preeent Bxpetlrnent conflrrn l'laygood and Devlnete flndlng.

Indeed for the þtcondltlonal, performange usa fcund to be

a dlrEst f,unetlEn of the Percentaga of TT lnstaneee but

i,nversEly sel,ated to the pereenùage of FF lnetgnceE. Thle

Eeeme to lnply that the bltrondlttonal tn the prBsent expertment

may have been relatlvely lees difflcult than ln Bou¡nels
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expe¡lrnént, Élnce ln the preeent experlment the numl¡er of

TT lnetances u¡88 almoet tulce the numbe¡ of FF lnstanEee

ù¡haleas ln tsEurnete experiment the frequËntry of posltlve

ÍnEtancee teken f¡om both elasEea üraa the same. No effect,

hourever, le expected for lnclusfve dlsJunetlon slnce the

pereentages of TT¡ TF. and FT lnEtancea preaented ln Esurners

experlment encl selested ln the present experfment are of thE

eamB orde8,

The gene¡al flndlng that eubJects dld not eelaut

lnatancEg tn the propartlsn ln u¡trtch they oocurred ln the

stLnulus popul.atlon falle to repllcate a recent reeult by

Boulne, Eketrand, end Montgomery (1969). Theee h¡orkere

reported that, ln general, cubJector seleettone from tlÌe

fqur truth taþIe clasEss reflacted cloaaly thefr lr 2¿

2t 4 dtatrlbutf.on in the stlmulus popuLatton. Ssme

devlatlena from thls trand, navertheless, uere notedt fsr
example, moae TT ln¡tantrEa ueaa eeleetad on canJunctlen,

and mo¡e TF ln¡tqncsa þ¡ere eelected an condltlonal.. It
lE aleo noteuo¡thy that Bou¡ne et aI. (f969) found the

blcondltlonal ta bE relatlvøly rnorn dlfflcult then Ln the

present experiment¡ theln reeuLte ahoued the bLcondltlonal

ts be of tha eeme ordEr of dlfffculty aø the condltlonel,

ulth the dleJunctlvE leEe dtfflcult end the conJunrtlve

leaEt dlfflcult. (ThaaE resulte uEre for the no faedback



97.

retalned condttlsn). ldhen eubJacts ue¡e dlvlded into better

performe¡s and potr¡Ba performers, lt uae found that the better

subJecte eeleeted TT Lnstancea ulth relattvaly hfgh frequency

In blcendltlonal probLamo oomparad urlth poorer aubJects,

conflrmlng the lmpllcatlun mada f.n thE pr.evloue paragraph

on the ¡elatlonshlp betueen the rElatlve frequency of TT

lnstanoea and Þlconültlonal petrformance.

Tuo procedural dtfferences betu,ean Bou¡ne Et alls
experlnent and the present expartmEnü may accaunt fer the

dtscrepant flndlngs En the dlatrlbutlon of eelEctlona from

the four stlmulua Glaaeas. Fllatly, Bourne et al.. ueed a

atlmuluE dleplay In uhlch lnataness uErB rendonJ.y arranged,

ulhereaa the lnatanËEa 1n the prasent exper!.ment uere

ayatamatlcally arranged. fn E comparLEon þetueEn the

effesta of thsae tulo dleplaye on conJunetiue concept

ldentiftcat!.on, Eruner, Goo$roul, and Auatln (1956) observed

that the ehslcee made by aubJecta uelnq an ordered erray of

Inetsnces ù¡BrB rnore nalmilarü to the lnltlal poaltl.vB lnatance

than te any other precedLng lnatancÉ, Thla obaa¡vatlen

uaa IeeE prevalent for eubJecta u¡lth a ¡andom array of

lnstancEs. (Etrollarlty here &rae meaeused Þy rrlhlch

precedlng card had the moat att¡lhute val.ues 1n eommon ¡¡lth

the preeent ca¡d. tdhsre tr¡o precedlng eards had the eame

numþel of attrl,bute velues fn Eemmon r¡lth thE present card,
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the one eneountered earllet uas counted aa belnq the mere

slmila¡). Slnce the Inltlat poalttve lnstance usg a TT

!.naÈanoe¡ thls meane that eubsequent lnatancBa tended to

be choaen malnly from the TT¡ TF, and FT ettmulus claaeee

uith en EtdErEd alaayr ürlth msre FF lnstanctsB Ee¡.eoted r¡lth

a random Errtry. In tha preeÉnt Experlment the lnlttaL

lnetance h,Ea É TT lnetanee for Eatrh rul6. Extrapolatlng

f¡om Bruner et alle flndtngs ullth conJunctlen to other ruleB

Buggeats that for the eame lnittal lnstanca an E¡dered arlay

of lnatantrEs tends ts produce more TT and lees FF lnstaneEe

than a Dandon ãrrBgr Fu¡the¡ uork la nscessary to teet

thla hypotheeia for nenctrnJunctlva TUlBsr

gscondly, Bourne et al. dld not provlde aubJecta ulth

a sample poeltlva tnetance st the beglnntng of a probl'am.

In a dlasuselon of dleJunctlvE coneept attalnmentr Bruner

st al. (f956) have ¡efer¡ed to the effect of the type of

tlluatratlve Lnetanots preeented prlor to a problem. They

euggeated that aubJecta glven an lnltLal negatlve lnatance

dlaplay ø greater tendency to select further negattve lnetanceE

than eubJecte glven a poeltlve lnEtanqe. That lE to sayt

the nature of the lnltlal Instance tende to produce a þfas

!n eubsequent sElectlenn auch that mo¡e lnatancee of the

same type ea the lnltLal tnstance 8rB Eel'ectEd. Uhether

thls ls true for all ruleE lE an empirlcel queatlon r¡hoae
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aneb¡Br la sought ln the next expe¡Iment. Thue, ln the

preaent exparlment the preeentation of e posltlve lnetance

at the begLnnlng of the Èask may be predlcted ta have glven

ri.ee to an lncreaeed proportlon of poeltive lnstances

selected lf compared t¡lth an experlment ln r¡rhlch a negatlve

Lnetançe r¡ea lnltially given. hlhen no lnltial instance

Is presented, as in Bourne et aI., tuo outcomes are Þoeslble.

Either the type of lnatanses chosen r¡1ll be a function of

the type of lnstance flrat encountered, eo thet the proportlon

of each type of lnatance eeleoted u¡lII be bfased ln tha

direction of t'rhlchever åa the more frequent ln the etlmulus

populatlon, otrr thare urlll be no bLas in salectlons so thst

lnstancas u¡iII be selected in the E¡ame paopqrtlons as they

octrur 1n the population. The flndlng of an lnterac{:lon

betu¡een ruLe and t¡uth table claes by Éourne et al. lndlcated

thet the moet inflormatl.ve, that fs, the least frequent

lnetançes of any rule tended to be eelacted most often.

ThLe 1e claarJ.y cont¡adlctory to the flret poeelble outeome

aboven auggestlng that the latter is nearer to the truth.

In thle caE er the proportlone of each class sf lnstence

selected r¡rhen no lnitlal lnetance ie glven should lle ln

Lretr¡een the propnrtlons chosen folLor¡lng an lnltLal poslttve

inetance and an lnltlal negative lnetanoe. Thus, the effect

of provfdlng the subJect u¡Lth an fnftlal poaltlve lnetance

ln the pteeent experlment may heve been to tnc¡eaee the
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percentage of ptrsltlve lnetancea seLected compared u1üh the

Bou¡ne of aL. experf.ment.

Exoe¡lment IIr Effecü sf lnltlel neaatlve tnetanoe trn

attrlbutE ldentlflcatlon of concgpte.

The suggaetlon L,aa made 1n the preeedlng dlseuaalon that

the type of lnltlal lnstantrB may have an lmpoltent effect en

suhaequent behavlou¡ on an attrlþute-fdentlflcatlon task, The

partlaular effect peopoeed ¡¡as that the natu¡e of the lnttlal
lnstance tends to predlspoee eubJecte to eelect more tnetances

of tha sama type en subaequent trlEle.

The type of tnltfal tnstantre Ìnay be tmportant ln tuo

further ù,Eyst. Ftretly; the amount of lnfornation tranemltted

about tha ooncept aa mEasu¡ed by the number of posslble concepts

logloally ellmlnated by the lnltlaL f.nEtance 1s lLkely to depend

on u¡hether thls lnetance ls posltlve or negattve. For a

ettmulue unlverEe havlng four three-valued attrtbutest an

analysle of the number of poaelblE cuncapts logi"rally ellmtnated

by en lnltLal lnatanee revealE that, uith a poettlve lnstancet

6 concepte rernaln for conJunctlnn, Jtl for blcondlttonal end

lncluaS.ve dleJunottonr 6rd 84 for condi.ttonal¡ ullth a negatlve

lnstance¡ 24 poaalble concapta rematn for condftlonal, Lncluslve

dlaJunctLon, and bleondttlonal. and lr8 for conJunctlon. From

thls lnformetlonal analyEle lt ls expected that performance

on all conceptual ¡ulea except oonJunctl.on ahould be lmproved
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urhen a negstlve lnetance ls glvan lntùially lnetead of a

posltlve lnstance. Secondly, evldenee from Trabasso and

Bouer (196kb) and Eourne and 0rEanlon (f969) Indlcatee that

recal.L of the flrst lnetance presented durlng concept ldentlfl.catlon

ie bett,er than that for any other lnstantre. Thue, lf an

lnfo¡matlonal analysle fs t¡ue, thls sbservatlon should serve

to make mo¡e marked tha predlctsd lmprovement ln performance

r¡lth an lnltial negatlve lnstance compared u¡1th an lnltlal
poaltlve lnetance for al.l rules except conJunction.

Experlment II uras deslgned to lnvestlgate the effect

of an tnLtLal negatlve lnetanEe on the numþer and type of

lnstances selected durlng attrfbute ldentlftcatlon of concepts

lnvolvlng four rrbeelcn conceptual rules. In aII reepecte

except the lnltlel lnstance p[esented, the lnetructlons,

procedure, and stlmulus dlgplay uere the samÊ aa those utlllzed

1n Experlment I. SubJects In thls experlment uere requlred

to aolve thrae proÞlems. Dets taken from the flrst three

proþlBms ln Experlment I u¡ae ueed ln part of the statfsùlca¡.

analyels to dl¡ectly compare the effecte of lnltlal poaftfve

and lnltlal negatlve lnstancee.

I. Method

Br Deslgn and SubJetrts. - The suhJecta uE¡e 52 undergraduate

etudents randomly ohosen from the flrat-year psychology eubJect

pool at the Unlverslty of Adelalde. No subJect had previously
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taken part in an expertment on contrept attalnment.

A 4 x 3 repeated-meaeu¡es factorlal deslgn uaa used

r¡1th the varlableE (a) conceptual rule (conJunct5.on, lnclualve

dleJunctlon, eondltlonal, and blcondltlonal.)r and (b) problerns

(th¡ee for eaoh eubJect). Thlrtean subJects blere asslgnad

to each of the fou¡ ¡uLee at random r,¡lth the ltmttatton that

there be approx5.mately equal numbers of each sex on each

rule. ThE threE pDtrblems lnvol.ved dlffa¡ent ettrtbute:

Va}ues fo¡ each sutrJect. theee valueE bef-ng randomly chosen

from the 54 poaslble palrs of attrlbute-value comblnatlone

of tr¡o ettrlbutes for aLl ¡ules except condltLonal.r b,hele

seLecti.on uas made f¡om the 108 posslble cgmblnatlons.

The tnitlal negatfve lnetance fo¡ each problem u'Bg

xandomly drau¡n from the eubset of negatlve tnstantres poeseeslng

nelther of th6 tr,lo rel.evant attrlbute valuee for conJunctlsn

and lncluslve dlsJunctlon, and one of the relevanü attrlbute

values for cqndltlonal and blcondf.tlenal.

ur Stlmull. - The eame etlmull Uere uBEd as tn Experlment X.

E¡ F¡Oeedure and Inst¡uctlons. - The detaÍLs of the proeedure

and lnsttuetLone uere ldentlcal to those ln Experiment I.

2. Reeulte

The mean and atanda¡d devlatl0n of the numbe¡ of card

chetces ts soluti.on fsr BBch tronceptuel rule and ploblem are

glven ln Table 5.
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Eonceptual RuIe Problem

I

tonJunctlon û4ean
S.D r

IncluaIva dlaJunetLon Mean
5.D.

Eondltlonal Mean
5,D.

Elcondltlanal Hean
5.D.

TAfl-E 5. Number of ca¡d chofoaa to eoluülon.

An analyale of varlance uaa perfÉrmed on ühIE data

transformed by a ÊquËre root transformatLon ln orde¡ to make

the varlencaa mors homogBneoue. The effect Ef oonceptual'

rule È,raE slgnlflcant¡ F (3 ¡ 48) = t.6?t t 4.051 6nd a

etgntflcant differEnca r¡aa alse found betueen Frtrblemsr

q (2 I 96) = 7.89r E(,B0I. No ef.gnlflcant fnteractlen

l¡etueEn conceptual rules and pnablems r¡as obtalned. A eummary

uf thl.E analyete may be seEn ln Table 6. A post hoc analysts

uslng Neutan-l{euls multlple-sange comParleone shouedl fo¡

rules, the only sf.gnlflcant conpartaon ù¡aB betû¡Ean the

candltlonal. end the þlcondltlonal (g <.A5)¡ for problBms.

Problem I requlred more trlale to solutlon than both ProbLem 2

39
26

26
I4 z

6

?

a

6
I

a

a

27.3
2t.5

?,5.3
l2.g

2?.2
7.9

Ll.2
4.8

29.L
22.8

2L.5
12.1

t
215

?2 a

I

26.L
16. f

L3.9
7.9

L7.?
5.3

2 3
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(p(.Ot) and Problem 3 (E<.fll). Tha order of ¡ulea thereforE

rl¡lth an LnttlaL negatlve lnEtance uraa seen to be condltl'onal'¡

Íncluslve dlsJunctlon and conJunctlonr and blcondltlonal.

Eou¡ce of Varlatlon

Betueen suþJBtrts

RuIes

6ubJecta u,¡lthln grtrups

<.05

lrlLthln eubJecte

Probleme

Rulee X Frobleme

Probl,ems X aubJecta
t¡¡lthin g¡ouFe

(.ogL

TABLE É. Analysls of varlentrB on nurnber of trlalE to solutlon

transformed by a squaaÊ root tranefsrmatlon.

The lnatangga aelectEd u¡BDe ag6ln dtvlded lnto posltÍve

and negatl.ve lnetancee on each problem for each ru|e and a

Eummary ln terme of the rnean percentage of negatlve lnatqnces

ie glVen ln Table ?. Theee percentagea ür€Fe conpared tllth

the percentage of negatlve lnettrntrEa occurrlng f'n the etlmul'ue

populatton fsr each type sf concept ualng a slgn test. This

analysls lndlcated that a louer percentage of negatlve lnstances

P

?Ã9.67

37.49

L6t.2?

lg?.59

25.35

7.83

l,54.ZL

L?'.47

3.qg

I?.68

¡..30

l"6l

IE4

96

4e

3

5t

2.

6

,.67

7.99

<1

s.5. H'S.D.F. F
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ilBaE sBIBotBd ihan ¡¡¡ere preeent in the ettmutue popuJ,atlon fq¡

conjunctlon on all problema (g(,05)¡ and on P¡sþl,em 3 fsr

lneluefve dieJunctLon (g(.05), t'rlrlle a hf gher praportlsn sf

negatlve lnstances b¡etÉ obtalned fo¡ condÍtiqnel on aII

problems (g(,80I) and on PrgbL.em 2 for bicondttfonal (g(,05),

Eonceptual fluLe Problem

3

GonJunetlsn

Incluelve dlaJunetlon

Eondl.tlonal

Blcondltlonal

7A,t+

41.9

63. g

50.8

TABLE 7. ${ean percentage of negatlve lngtancee eElectEd.

A $pearrnan rank correlatlon uae computed betueen the

percentega of nagatlve Instanses chsEEn and the nunber of

trlale to eolutlon for each rule. SLgnlfleant cor¡elatlona

ue¡e faund for eonJunettan, rho (37) - 8.48, g<.0Ir and fo¡

condltl,onal, ¡ho (t7, - -g.t+Zr !(.01. AlnoEü Esto cor¡alatlon

uae ebtained for the othe¡ tuo rules¡ for lneLuelve dlaJunctlont

rho (37) - -0.04, and fEr bleondltlonalr ¡ho (371 - 0.f8.

7t+.L

47.Ít

59.5

t+9.7

75.2

42,.3

46.5

b3.I

?I
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Inatances uera also analyzed lnto the fsur stlriulus

claEeea - TTI TF, FTr and FF, The mean parcentages of each

of the four classee sf lnstance Eelected for each rule over

the three probleme are glven ln Tsble 8. Theee pereentages

uErE compared r¡lth the pelcentage of each type of Lnstance

sccur¡lng ln the etimulua populatfon, A elgn teet shour€d¡

for conJunctlon, a hlgher proportlon of TT lnetancee (g<.tl0l)

and a lo¡nler proportlon of FT (g<.0I) and FF (p<.05) lnetantrEa

u¡erE eelecteÉ¡ for fncluetve dLeJunctlorr, the dlstributlon of

TTr TFr FTr end FF lnstances uraa not elgnlflcantly dl.fferent

from the stlmulue populatfon; for csndltlonalr a hlgher

proportl,on of TF lnetancee (g<,CI0¡.) qnd a Louer praportlon

of FT (g(,O01) and FF (g<.001) Lnstancee urele eelected;

and for the btoondltlonal¡ the percentage of TT f.nataneee

urEB gDBEter (9<.001) and of FF lnatancEa less (g<.0I) than

the percentages of thaee lnstances naturalty occurrlng.

Eonceptual Rule StlmuLue Glaes

EonJunctlon

fncluElve dlaJunctlon

Condltlonal

Elcondttlonal

39.g

43.7

25.2

3L.0

L?.8

?,2.A

4.5

2L.4

19.3

?5.5

57.2

26.\

u4.1

8.8

l3.l
2L.Z

FFFTTFTT

TAELE 8. l¡lean percentagea of four stlmulus claesee selected.
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The cor¡elatlon þetu¡een the percentage of each clasc:

of poaltlvc lnetance and the number of trlaX,s to solutlon Naa

computed for lncluslve dieJunctlon and blconditlonal uelng

gpear.manre rnethod. For lncluelve dlaJunctlonr no algnifluant

eor¡elatlone ¡¡ere flound¡ for TT lnatancee, rhs (3?) - - 0.11,¡

fo¡ (ÎF + FT) lnetanceal rho (371 - 0rUL. For blcondltlonal,

the csrreLatLone uere slgnificantt for TT lnatancear ¡ho

(l?) - - 0.34, 3("05; for FF lnetancee, ¡ho (371 - 0.1+0r !(.05.
A compariaon ueE made betl,¡esn the reaulte abtat nad In thte

experlment and the data collected [n Expe¡lment I on thE flrat

three problerla for each rul,e. An analyelE of va¡lance u¡as

performed on the number of trlals to solutton t¡anaformed

by a eqUats f,oot tsaneformatlon. 9l.gnlflcant effecta kJetre

obta!.ned for lnttlal tnstanctef E (1196) = L6.glr g<.001't

conceptual ruLe¡ F (3)96ll . l+.3Êl¡ g<.81, and problemet

L Q.L92) = 12,35r E<,.80I. A algnlflcant lnteraotlon u¡as

also obtalned betueen type of ln1ttatr lnatance and cenoeptual

ru1e, L çt96) - 9.32, L(.001. A post hoc enalysls using

Neurnan-t{eule mUltlpl,e rangg EompartEons reveeled more trlals

to solutlon uetre requlred uhen tha lnt tlal lnstantre túaa

negaülva than rrlhen lt r,¡ae psstttv€ for conJunctton (g(.81)

and bfcondltlonel (g<.01)r uÈrtl.e for the conditlonal more

trlalE uera taken r¡lth an lnitlel posltlve lnetance than ¡¡1th

an lnltlal negatlve lnEtance (g<.05). Ntr slgnlflcant dlffgrtsnce
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ürae obtafned for lncluslve dleJunctlon.

Since more trlaLs to eolutlon r¡ere takan follotllnq

an Lnl.tlal negatlve lnetance than an lnitlel poeltlve inetance

for conJunctlon and þlconditlonal, an analysle ulae performed

ln srde¡ to deternlne ulhether the nurnber sf triale to solutlon

folLor¡lng thE flrst posltlve lnetancE r¡as different for problems

havtnq the tu¡s types of lnitlal lnstanDea on these rulÉs.

l¡Jhe¡e the lnltlal lnetance u,aÉ¡ negatf.ve, the mean numÞer of

trlale to soJ.utton follol,rlng thE ff¡et posltfve fnetance

enoountered uast for conJunctlon, ll.9 on Probl'em 1, 5.5 on

Problem 2, and 5.J on Problem 3¡ for blconditfonalr 37.5 on

Problem 1, 22.5 on ProbLern 2, and 27"1 on Froblem I' An

analysle of va¡lancs ehou¡ed thls data b¡as not dlfferent f¡am

the data obtalned r.,lhen the fl¡et posltlve lnstanoe r¡as the

inltlal lnstançe for conJunctlon¡ but for blcondltlonal

probleme, stgnlftcantly more trlals uBrB a€qulred follotulng

the fi¡et poaltlve lnatance encountered u¡hen thls fnetance

uas not the ln1tfa1 Lnstance as compared ullth the caee uhere

the tnltlal lnstantre brag positlver E (1124) = 5.69r p(.CI5'

A simllar analyeis ùres conducted for condttlonal to determlne

r¡hether the numbe¡ of t¡lals to eolutton requlred follotllng

the flret negatlve lnatance Entrountered dlfferEd for an

lnltlal positlve lnstance and an i.nltlal negatlve lneùance.

For an lnl.tlal posltlve lnstance, tha mean numþer of trlala
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follsr¡l.ng the fl¡st negatlve lnetance eelected on çondttlonal

trontrepts waø 22.9 on Probl.em I, 2l.B on Problem 2, and 14.2

trn P¡obl,Em l. No dlffetence t¡ae found bEtueen thLs data

anrl that for an inlttal negatlve inatance by an analysla

of varlance.

gtnce no dlfference ues found fe¡ conJunctian and

condltlonal In the enalyafa lrrrmedlately above, a comparf'son

uae made fo¡ theee rulee of the number of ca¡d chslcee taken

Þefo¡e arrlvlng at the flcaÈ posf.tive and flrEt negatlve

lnstancee, respactively, t'¡tth that expected lf the eubJect

selected ca¡ds at randOm. It can be Ëxpeeted lf cardg uErE

chasen randomly that a mean of 9 oard cholseE ts a poeLtlve

lnetanse r¡ould be requlred for aonJuncttrve concepts, and a

mean sf lr.5 eard choicea r,¡ould þe needed to locate a negatlve

lnstance for condltloneL concepte, The aþtElned mean number

of inetanoee fe¡ conJunctlon uaa 14.5 , r¡hlch uas slgnlflcantly

greater than expected fo¡ random selectlon accordlng to a

slgn test (g( .01). For condltlonalr no dlffeaence L,EB

feund betueen the obtalned mean of 4.2 lnEtancea and the

mean expected for random aelectlon.

Further analysla of the blcondltlonal ülas stsrrled out to

eeE u¡hether the number sf trlals to eolutlon follor¡lng the

flrgt TT lnatantrs encountered dlffe¡ed for problems havlng

an Initlal TT Instance (Expertnrent f) a¡rd an lnltlal TF o¡
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FT lnstance (thLs expsrlment). Thla analysls uas suggeEted

by the ftndlng ln þoth experinents that performancE on the

bleondltlonsl Eas dtrectly related to the propo¡tlon of TT

inetanceg selected. l¡lhere the lnltlal tnatantrE braa negatlve

(L.e.r TF or FT)r the mean number of trlale follot¡1ng the

flret TT lnstance selecüed r¡ea 2?.9 an Problem 1, 16.6 on

Problem 2, and 21.9 on Problem 3. An analyale of varlanee

comparlng thle data r¡¡lth the data from Experlment f reveEled

no dlfferentre fa¡ the number of trl.ala to eolutlon. A

aubsequent analyels ùras perfouned to deteml,ne rr¡hethEr thE

numbe¡ of oholces to the flret TT lnstance ln thle experlment

fo¡ the btcondltlonal u¡ae dlfferent f¡om the mean numbe¡ of

lnstanoea expected utth ¡andom aslectlon. If eards are

seleoted at random, the expected mEan le 9¡ the obtaLned

mean over the three ploblems b¡aa 9.5 (medLen * 6). A slqn

test ehoù¡ed no dlfferense betù,een theEe msang.

An anaLyslE of varlance r¡aa also uEed to compare the

percentage of negatlve lnetanses selected ln thle experlment

uLth ExperlmEnt f. A slgnlflsant effect túas obtalned for

lnltlal lnetancer f (1;96) * ?,24.68r E(.flolr oonceptual rule,

E (3"96) - 28.5?¡ p<.0t¡l¡ and thc lnteractJ.on betureen tnltlal
lnatance and ¡ule uas alao slgnlflcant, F (3,96)= 18.08r g(.081.

Neurnan-Heutrs tromparlaone lndlsEted that morg negatlve lnetancee

uere eelected t¡rhen the lnlttal lnEtanse b¡aË nagatlve than uhen

lt uas poaltlve for all conceptuEl rules (E(.01.).



Lfll

J. Dlscuselon

ThE reaults lndlcata that ths nature of the InLtlal

Lnstance hae an lmportant effect þoth on thø type of lnatantrea

seLected and on subsaquent perfox'meneer Flrstly, the netu¡e

of the l.nltlal lnsüancs eppeared to pledlapose tha aubJect to

eelect lnore lnatences of the game type ae ühe lnltlal lnstanoa

for all rulesl thus extEndlng thE oriBlnal suggeatlon sf

Bruner, Goodnout, and AuEtln (1956). secondly¡ for the

etlmulus populat!"on employed ln ühla experlment and 1n

Experlment I, an [n!t!al negatlve lnetancg u¡ag fottnd to

retard perfoemance for conJunctlve and þtcondltlonal nulest

but to lmprove performance for the condltlonalr compared

r¡lth an tnltlat poaltlve lnetance. Hot¿Bverr no dlfference

uas found betr*¡pen the tr,ro typee of lnitlal lnetancEa on

atürtbute-ldentlfteatlon rttfflculty for lncluelve dlsJunctlon.

It ls evldent that the pledlctlone about ths effacts on

performance of the lnttlal !.nctanc= þased on the lnfo¡natlon

tranemltted by the tnEtantrB uere not Eonftr'rned for all ru1ee.

Spectflcally, the predlctlons from thle analye!"s ù,sre eupport,ed

for conJunetive and condlttonal" rulee, but not fon dleJunctlve

and bleondlttonal rulee. Thl.e flndlng ls Ln accordancE r,¡i.th

elmllar flndlnga by Bourne and Buy (1968b)r and Boutrnet

Eketrand, and Þlontgome¡y (1969) ln r¡hlch thp ratto of posltlue

to negatlve lnEtantrBg for Each rulE t¡¡as the aane as ln the

preeent experlrnant.

a
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Far conJunetlon, batter performers ùrg¡a found to choose

a hlgher ptoportlon of posltlve lnstancee than Pooter performere.

Moreove¡, subJecta glven a negatfve Xnatance to begln trlltht

dld not galn any f.nfo¡maÈlon about the coneept untll they

had located a poaltlve tnatance. Thf.s [s or.lggaeted by the

flndlng of no difference bEtt¡¡Een lnftlaL poeltlva lnatance

problems and lnltlal negetLva tnatance probleme for the numbe¡

of trlala to Bol,utfon folls¡,¡lng the flrst FBBftIve lnetance.

ThlE concl,usfon ls !n agreemBnt u¡lùh the reeulte of Nahlnsky

and SlaymakEr (f9?0), tlho va¡Ied the numbtsr of negatlve

lnetances prlor to the ftret FoEltlVB lnEtance uslng the

recept!.on paradlgm. It mfght be lnfer¡ed from the present

ftndlnga and the r¡ork of Nahlnsky and Slaymaker that subJecte

are unable to maka uee of nagatlve lnformatlon ln conlunctlve

concept Ldentlflcatlon. Houever, thle Lnference hae prevlously

been shotrn to Þe fat se by Hovland and ldelEs (f953) and Bourne

and Euy (f96eb) uslng stsqugncgs Bf n€gatlve lnetancea onlyr

Apparently, ln a mlxed eequence of posltlve and negatlve

lnetancas, auhJecta are unulltlng to store the maegre amOunt

of lnformetlon u¡hloh ls galned f¡om each negatlva lnetanca

¡¡¡hen eo much rîore lnformatlon can be galned rr¡lth mlnlmal load

on memory from one poBltlvE LnEtantre.

ParenthetlcaLly lt may þe noted ln the preeant experlment

on conJunetlon the numbsr. of çholeee eequ[red hef,sre a posltlv€
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lnEtance ù¡as located ¡lEs more than lf lnetanoes had been

selEcted at random. Thls too may be a functlon of the type

of lnit1al lnstance. fn thte experlment the fnltlal negatfvo

lnetance preeented r¡ae aluays an FF lnstance. If eubJecte

tend to eelect lnstances hrhlsh shou a hlgh dagree of elmllÊ¡lty

t¡lth the lnltl.al lnetance as meaeured by the number of attrlbute
values ln common ¿¡1th that lnltlal lnatance, then lnatancea

utll. be draun rnostly from the FF, FT, and TF stlmulue craaees¡

only rarely ulill a TT Lnetanee therefora be chosen. In th!.s

regard 1t ls notlceabLe that the percentage of FF lnstancee

selected ln thf.a experLmant lE ve¡y mutrh greater than the

percentege af FF lnatansea choeen ln Experlment I¡ r¡hlle

conve¡se¡.y the percentage of TT lnetanees eelestad ln Experlment

I 1s cubetantlally more than the percentage ofl TT lnetancae

aelecüed ln the preaent experlment. Perhaps tf the fnlttal
nagative lnstanca u¡Bte a TF o¡ FT lnstance, fEr¡e¡ eholces

r¡ould bE found prlol to the flrat posltlve lnstanee.

For condltlsnal eoneepte, better performeta årøre found to

ehuase a hlgher proportlon Ef negatlve lnetances than poorer

perfo¡mers. Moreover, subJecta glven e poattlve lnetance to

begln urlth, dtd not gatn any lnfo¡matlon about the concept

untll they had eelected e negetlve Lnstance. Agaln, thle
should nnt be lnterpreted ts rrean that EubJecte e¡E unable

to ldentlfy condltlonal concepta from positlve Lnstancea only
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(Bourne end Guy¡ 1968þ). Rather lt augqeete that subJecta

ara unullllng to procees and sto¡a the small amounte of

informatlon from eeue¡al poeltlve lnetaneea ulhenn r¡1th Leaa

lnfo¡rnatlon prooeasing and etorage, the game reEult can be

achleved r¡tth e aLngle negatlve lnetance.

For the btcondttlonal, perfornanee LIEB found to be

unrelated to the proportlon of posltlve lnatancee se¡,acted.

A dtvtslon of Fosltlve lnetEnEss Ínto TT and FF lnetantrËa

lndteated, houevet, that better perftrsrae¡s choae a hlgher

parcentage of TT lnstances and a Xouer pereentage of FF

inatances than FoorBt performars. þþ¡eove¡, eubJects glven

an lnltlal negatlve lnetance to begtn r¡tthr appa¡.gntly df.d

not gal.n any lnfo¡tnatlon about 'thE eoncept untLl they had

selected o TT lnetEnu;. Nt evldenee ls cur¡ently avallable

ahorrllng r,frethe¡ o¡ not eubJects can ldent5.fy blcondltlonal'

eoncepta from sequences of lnstances not lncludlng 1T lnstanceer

If they ean, thla meEns that thay must be unullX.tng to utlllze

lnformatlea from other lnetanceE untll they have found a TT

lnetance, preeumE¡bly becauee lnforrnatlon frqm other lnatantrBa

1a aomeuhat more difflcutt to uae Ln maklng lnferencss øbout

the concapt. The relatlve aaee of handllng TT lnetenges uaa

referred to [n Ehapter 2. Ona problem u,llth thia I'atter

acsount trontrBtnÐ hou tha eubJect ldantlfL6s E poatt!.ve lnetance

ae TT or FF u¡hen no such feEdback ls provlded by the experlmentet.
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Some ldEal Etrategles can þe euggested, but euldenae ls
needed to ehsu that thEsa straÈeglea are employed. Bbvlously

further unrk must be done to pravlde anefu,Ers to theEe quastÍono.

For lnclualve dl.eJunctlon, the type of lnlttal lnEtance

had no effect on overall perfonrantrE¡ Houever, BomB contraeting

reeu¡,,tE usre obtalned relatlng performancp ts the ùype of

lnstenoea aetrected ln this experlment and 1n ExperXment f.
In t,hla experlment performance u¡ae found to be unrelated to

the proportlon of posltlve lnetansaa eelected r¡hll,e a amaLL

but algnLflcant eor¡el,atlon 1n Experlnent f suggested that

be'tter perfoame¡s sel,ec¡ted a graater percentage of posltlve

lnetancEe than Foorer performera; Moreover, ln tha present

experlment perfofiaantra uraa un¡elated to thE proportlon of

lnetances ulth both retrevant att¡lbute ualuEE (1.e.r TT lnetanoee)

and to the proportlon sf lnetances ü,1th one relevant attrfbute

value only (1.e.¡ TF and FT lnEtanceE). In the pravloue

experlment þetter performetrs r¡rBtrB found to choose a hlgher

percantage of TT lnetanses than poorer performers. The

¡eaulte 1n Experlment f eeem to esnfl¡m u¡hat Bourne and Euy

(1966b) suggeeted for dleJunetl.ve coneepte, nthaü aubJects

flnd lt aaaLer and mare natu¡al to uee a posltlve as oppoeed

to a negatlve focueelng etrategy sr that the neceeelty to

convert o¡ t¡anaform negattve lnformatlon (r¡hat the att¡lbutaE

are not) to poetttve fo¡m contrlbutes a slgnlflcant addltlonal
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Ermpllêation to the taak.n Xn the present experlment,

houevel, thare appeass to be no dlfferËnea in the faclllty
r^tlth uñlch subJeete utlllze posltl.ve and negattve lnetances.

It r¡ould seen thue ühat the effect of a nagatlve lnlttal
fnstance for thlg rule ls to reduse thE depandence on poeltlve

instancee durf.ng learnlng u¡hluh uae evldent uhen a posltlve

Inlttal, l.natance ¡¡raa prBsented.

Tht"E effsct agems also to be true for the other rules

examined. Inepectfan of the eo¡¡elatlon coafl'lcients

computed betareen the percentage of negatfve lnatances selEcted

and the nunber of card chslcee ts Eolutton rEveala that smaLl,er

poeltlve cor¡elstlone uere obtatned for conJunctlon, lncluslve

dleJunctlon, and bfcondltlonal and a, larger negatlve correlatlon

fqr condltl.onal for an lnlttal negatlve lnstance compaled utrth

an lnlülal poslttve lnstance. ft appeara therefo¡e that uhen

a negatlve lnetanee ls preaented at the beglnnlng of a probl.em

Lneteed of a posltlve lnEtance, performance le lesa dapendent

on the proportlon of posltlve lnstances and moEB dependent

on the ploportlon sf negatlve lnetancee.

ExEminatlon of the relatlve df.fflculty of tha fou¡

conceptual rulee consldEred lndlcatee that the q¡der of

lncreaEing dtfflculty of rul,es found uelng e sElectlon

pnocedure dlffere acco¡dlng to the nature of the lnltlal
Lnstance preaented. In Expenlment X u¡tth an lnltlaL posltlve
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instancer the orde¡ sf lncreaalng difflculty uas conJunctlont

blcondltlonal., lncluelva dLaJunctfon, and cendltlcnal, an

ordes r¡hich le eimllar to that fsund by Laughlln (1968b).

ldtth an lnftlal negatlve Lnstence, hourever, the order obtatned

uaa condlti.onal¡ lncluelve dlsJunction and conJunctlon, and

blcondltlonal.

An lnterentlng flndlng l.s the extrsne relatlve dlfftculùy

uf the blcondltlonaL ul.th an lnf.tLel negatlve lnetance. ThIs

Is remlnlscent of the result of Bourne (L967) trtho preeented

aubJeets ulth Inetancee d¡aum equall.y f¡om the four stl¡lulus

claseee TT, fF, FTr and FF. Blnce Lnetancea brete rendomlaed,

thls meana, sn the average, haLf of the b1condltlonal problema

bagan ufth an negatlva lnetsnce. Eonventlonally¡ expeelmanta

urhleh have employed a sElecùlon proeedure have preeenfed a

posltlve lnstanee at the etast of each problem. The present

results suggest thet uhen a negatlvE lnstance ls used lnltlally,
the order qf difflculty fe algnlflcantly dlffererrt f¡qm uhen

a poat ttve lnetance t a provlded. A comblnatlon of the turs

typae ofl lnitlal lnstantrse mEV yleJ.d an ovelal.l order ulhl.ch

iE slmllar to that found by Eourne.

Tha reEulta ln the preaent experlment and ln Experlment I
on the effecta of the type of lnltlal Lnatance preaented on the

aÈtrlbute ldentlfleatlon of Eoncepts using a seleqtlon procedura cauae
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agme BuTFrIEB uhen cornpared r¡lth the uo¡k of Etambra (1969).

tìtambsa dld report a algnlflcant lnteractlon betr¿een the type

of conoept and tha type of tnttlal f,nstanee, but he attrlbuted

thta merely to en tncrease ln dlffloulty for conJunctlve

concepte r¡lth an lnltlal negatlve lnetancE and an lncreaae

1n dfffLculty for dlsJunctlve eoncepts r^rlth an InltlEl poeLtlve

lnatance. No cornpletely sattafaotory scoount of EIambr.ErE

reault ls poaelþIa ütlthout eome tnfurmatlon on the natuce of

the sElectlone made Þy aubJects.

A comparleon betù,Ban Bou¡ne¡ Eketrandr and Montgomery

(f969) and the preeent experlmente can alsE be made. It utll

be recalled that Bsu¡ne et al. uaed the eelectlsn paradlgm

but dld not provfde aubJecte ulth a samplE Inetanse at the

start of a problen. EErLle¡ ln thle chapüer !t ueE argued

that, other thl.ngs betng equal, the percentagee af each claËa

of l.natanee aelected r¡hen ns lnttlal lnEtance h,aa prseented

Eheuld fEll, betù¡een the percentagee of lnstance¡ aeleeted f.n

the reepecttve gùlmulue BlaBsBo 
'.útth 

an f.nl.tlal negatlve

lnatance and an lnltlal poElt1ve lnetance. In a compar't'son

of Bou¡na et alte expetlnent r,ulth the PsEBant experlnentst

other thlnge a¡e not equalt Bou¡ne et at. employsd a random

ar¡ay of lnatancets, UhBrBas fn the preeent experlmanüe atlmulf-

bJer'B Ëyatematlcally arranged. If the concluslone made on

the effecta of presentlng or not presenü1ng an lnltlal lnatance
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are EtrrxEEt, then any devlatlons from expectatlon in tha

distrlbutlone of eelectlone tn thE four etlmulus claases

slruuld be due to thE effect of the arde¡llneas of the

stfmulus dlsplay.

A summary of the t'ype of fnetaneee selected by eubJecte

In Bou¡ne et alts expetlment le gfven tn TabIE 9. Eomparlng

the percentages ln thle table ulth percentagea shou¡n ln Tablea

4 and B reveaLs that ln rnoet traees the percentage of lnstansea

ln the varlous etlmulue clasees choeen by aubJects ln Bourne

et al' Ll.e in betu¡een the parcentages selected by subJecto

in Experfment f and Experlment II¡ Ðume notable exceptLonst

hourever, oEBUro More TT lnstancee for conJunctlonl TF

lnstanees for candltlonalr and TT lnatances for blcondltlunal

uere eetrected ln boÈh Exparimenta I and II than tn Bsurne et alo.

tonceptual Rutre Stlmulus EIaEs

FF

EonJunctlon

fncluslve dlsJunstlon

Eondltlonal

Blcondltlonal

2L.5

LZ.3

15.5

12,¿r

21.5

24.9

27.6

æ"5

26rg

24.L

r8ü9

19.9

3r,3

39.9

39.9

t+7.2

TABLE 9, Mean percentagee of fou¡ stlmulus classes eetrected

(adapted from Bourne, Ekatrand, and lulontgomery, L969).
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the Ebae¡vatlon hqa baon mqde ln all thrae exparlmente that

t¡etter Fsrlfgtmer.s chosc msas TT lnatangea on cenJunctlont

maa€ TF lnetÊnçee sn eondltlonal, and mors TT lnetances on

bloondltlonal thcn ppcrtsr ptsifograssar Thuor AnB Pradicülon

ln a cumparlean of Bs¡lne et alra tgsulte slth the prAesnt

reeults te that EubJetrta Fgtfolmed þ¡tta¡ tn thE preeant

experlmgnte than ln Eournp Et á1r8, la¡lgopeetlve of the type

of t¡rlttal inetanes. Thle predlctlon la cEnfl*ned fo¡ all

but eonJunctltrn ufth a negattve lnltlal, lnEtencer The

fellure by aubJests 1n Bautrns at elra exprrtrlsnt to eel.ect

e higher pmp¡¡ltldn of ths moat lnfosmatlve lnaùencge must

be sttrlbutad to the effect of Èha randum arrangg¡Bnt of

lneüances.
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CHAPTER 4

STRATEGIE5 AND $IEMORY IN CONEEPT IDENTIFICATION

In the prevlous tr,ro chapters an attempt haa baen made

to account for Concept ldentlfleatlon ln terme of a numher

of dl¡ectly obaervabl,e and controll,able va¡Iablee. An alternatlve

approach ln etudles of concept Learnlnq has been to seek üo

tnfer the nature of thE proceasEs underlylng Learntng and then

to relatE theee processga to perfsrmance. At Least three

aseumptlons aFB fundamantal to th!.e apptoatrh. The flret fs

that such underlylng FrtrctsasEe exlet. Feh, theo¡late have

queatloned the re611ty of ce¡taln Eovert experlencea or events,

although ln the abaence of obJectlve crlterla fsr recagnlzlng

them, lt mey be unndered ü¡hather eome poetulated lnte¡venlng

prtroeaees ata not mere lnvantlonE. $econdl.yr theee undellylng

FtotrBsEBE tran be rEllably tdentl.fled. The necesalty for

obJectlve or{tella for racognLzXng ouoh lnpllcf.t prBeEEsEa

has already been ¡eferred to ln dlscueefng the flrst assumptlon

and problems ulth some attempta at tnferrlng lnte¡'nallzêd

aotfvlty r¡1I1. form pa¡t of Late¡ dlEcuaelon ln thls chapter.

Thlrdly, [t ls asEumed that conceptual behavlous trsnnst þB

futly explalned ¡¡lthout aone asEertlons ab6ut tntervenlng

FrocBssEE operat1ng r,rtthln the eubJecù bethøen lnput and outputt

Lfrt¿Ch have the property of cont¡oJ.lÈng and Ftoductng behsvlaur.

Thia aeeumptlon hae been chatrlenged by sorne theorlate (e.8.
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Bournen 1969) t¡ho contend that reference to hypothatlcal

underlylng mechanLeme adda nothlng to uhat can þE aEoerü,alned

about behavlaur from a etudy of obJectlve faetora ln the past

and present etates of the organlsm end hla envlronment. An

attempt r¡11I be made to evaluate a Psocgss apprrach ln thla

chaptel and the next ehapter, and tE conef,de¡ the contrlbutlons,

if any¡ lt has made to an underetandlng of contrBpt attainment'

Th E trroc¡EBE of eoncEpt attalnment

Bruner, Goodruu, and Auettn (1956) t¡ere the ft¡at uorkers

to nttempt an analyaLa of thE ptrBtrEsEBa underlytng concept

ettalnment. Thetr a!,m uae to externallze for abservatton

E6 many of the declelona made prlor to eolutlon ea posalble

ln the hope that regulerÍtlEs in thEse declelona mlght provide

the baels før makl,ng lnferenoea about the procBaóee lnvol,ved

ln learnlng Ê csncept. Theee regularlt!,ee ln decisf,on-maklng

they called satrateglean. Strategles¡ !t ulaa euggestedr may

have at leaot three poaelble obJeotl,vea Eaeh of uhlch may be

incompatlbLe ulth the other¡

(1) ts rni:xlmlze the amount of Ínformatlon galned f¡om

Each lnatance choeen¡

(2) tE mlnlmlze the amount of etraln on Lnfe¡enEe and

memory capactty¡

(3) to sontrsl the degreç of ¡lEk lnvolved.

Bruner et alfe approach uas fLretly, to conatruct a set

of Ldeal strateglea r¡¡hlch could be etated ln etrlct logical
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terme, havf.ng the formal prope¡tles nEcBE¡eBly to mea'b celtaln

obJeetf.vee. liluch Of thelr r,,Erk bras tronssrned utth strateglee

for fdentffylng conJunctlve concepte and fsu¡ fdeal strategles

hrÉDE Ffoposed uelng the selectlon paradlgm" Receptfon strategles

h¡era also sugqested but ln thta dlseusElon uB EhaLl confine

ou¡eelvee to the Eeleetlon sttuatlon r¡hloh allE¿'¡s the subject

more f¡eedsm tn his ehslca of lnetaneas. The fou¡ tdeal

eelectlon atrategleB u,Bre lEbellEd sf.multaneoua strannlngt

euccesElve euannfng, conseavatiVe focusalng, and fseuo gamblfng.

In the simultanBous strannlng strategy, after the flret

FBslülvE lnetance haa bean gIven, aII posslbl.e hypothesea are

enumerated. Each suseeedLng tnatance le then choaen to el.lmlnate

the greateet numbe¡ of hypotheaes stlll rematnlnE. The maln

advantage of thte etrategy le to aütaln the consept ln a mlnlmum

numþel Of instanoaa. HaUever, I VBt,y conslderablg amount Of

etraln on lnfe¡ence and mBrDBly capaclty f.s produced s!.nce many

lndspendent hypotheees muat be dEalt r,llth and rEmembe¡ed.

In tha eucceeElve Beannlng strategy a eubJect teete one

hypethests at a tLmE and llmlte his cholces to those lnatancea

that provtde e dl¡ect teet of hfe hypothesle. Thls technlque

for ahooslng LnetËnoee cannot aaaule that the oubJect uttll

encounte¡ lnetanceg contalntng the maxl¡nu¡n lnfoamallon posslble

elnce he [s qulte 11kel.y to eelect logtcaLly redundant cards

eome featura of ¡¡hlch hae been uaed to test eome pnavloue hypotheais.
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The load on memory and lnfa¡enee 1s leee fsr thle strategy

than for atmultaneoua scannlng elnce the subJaet la requlred

to teat and remember only one hypothesle at a timer and no

retenü1on of paet lnatances ls asaumed, SuceEaslve ecannlng

has llttle utlllty 1n reguLetlng rtsk.

The coneervaùLvE focueelng strategy may be descrlbed aa

flndlng a poal.tlve lnstance to use aa a fecus. then maklng a

sequencs of cholcea each of trrhlch altere ene attrlbuta vaLue

of the flrEt foeus ea¡d and teating lt to see lf the change

yieJ.de a poaltlve trr negatt ve lnatance. Thoee att¡Lþute

vaLuss of the focue card uhl.ch, uhen changed, stlU. yield

poaltlve fnstancee ara net releuant to the concapt. Those

attrlbute valuee of the focuE ca¡d that yLeld negatlve tnstances

r¡hen ohanged ara relevqnt to the concæpt. If no posltlve

Lnstance 1s lnltially preeentedr thie strategy may be hlghly

lnefflclent elnca lt requlree of neceeslty a posltlve lnetance

to uee ag a focus. El,ven a poeltl,ve 1nøtance, houever, the

atrategy te very effl.Elent uhtlet lmpoelng very ltttle etraln

sn fnfe¡ense and tneutoDlfr Ae lts name lmpllea, lt ensu¡es that

Evsry cholce yleLde lnformatlonóout the concept.

In the fqcus gambltnp strategy, the subJact agaln uEBa a

posltive lnetanse ae a focue, þut then changaa nore than one

att¡lbute value at a tlme. If tr,rs attrlbutee Ers changad and

the lnetenqE le posttlve, then bnth att¡lbute valuse are
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lrlelevant, se that r¡¡1th thls stnategy tuo att¡lbute values

may be el,lmLnated 1n one cholce lnetead of only onB E¡s trtth

consetvatlve focueelng, Houever, 1f the !.natanee ls negatlve,

ühen eithsr one or. both attrtbute valuea are relevant es that

Il.ttl.e lnformatlon 1E galned. Thua thfE strategy allot¡s fo¡

eome regulatlsn Ef rlEk" EognlÈlve atraln ulth thto atrategy

fs elmlla¡ to that fo¡ trtrngatvatLve focueslng.

The next step ln Bruner et alta analyols L,as to ldentlfy

focuaslng and scannlng etrateglas. A focusaer u¡EIB deflned

ae a subJect r,rhose cholees ln the matn varled unly ln one

attrlbute valua from thoee ettrlbute valuee sf the focua card

that had been found ¡elevEnt or ruere Ettll unteetedo The

only other types of cholcea permltted subJects tn thls grouP

¡¡ere redundant cholcae uhere the thlrd value of sn attrlbute

uae eheckad, or focuE-Bemble chotcea ehoun by later cholcee

to be utllLzed aa eueh. tdhen the meJorlty ef the cholcas

uaa of theae typaer the aubJest uar coneldered a fosuBBE!¡

AII otherg ueae t¡eated aB strannerg.

Ualng thtE method for tdentlfylng etreteglee¡ Bluner et al.

noted eeveral, uartatlons ln the types of eholsee made by subJecte

in the focussing and acannlng BruuFB f¡om those expected aceordlng

to ldeal focusslng and ecannlng etrateglee. ù,iüh ceneervatlve

foouaalng tr¡o modLflcatlons LrBtB evldent, Flrstly rather than

alte¡ an att¡lbute valuE of the focue only ontrer eubJects

somettmEe Ehor¡ed a tendency to test a second alteratlsn.
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Bruna¡ et al. lefer ts thts es a sthlrat fo¡ ¡snflrmtng ledundancys.

Secondly, BEme eubJecta dlaplayed a tendency to chenge thEir

focus card from the orlglnal posltlve lnstance to some other

poeltive lnEtance. The chfef modlflcati.on to sucseaef.ve

scannlng csnalated ln aubJeote attemptlng to rernenber as many

inetanoes encountered ao they souLd. No subJect ¡r¡ae reported

to emptoy an ldeal Eimultanetrus Ecannlng strategy.

The lnsldEncE of focuaslng arid acennlng uae found to vary

according tn the conditlons af the task. Thuer 1f otlmulÍ.

ùrere Errangad ln sn o¡de¡ed Ëtsayr eubJecte tended to adopt

focusslng etrategLea. Eonvareely, r¡lth random arrays, acannLng

uc¡s mote evldent. If the a¡Day uaa one suggaating a partlsul,a¡

grouplng af ettmull ae ln the sase of troncDete or thernatis

materlal, then the subJest tendad te utlllze a Ecannlng otrategy

r¡hich took lnto actrBunt euch expeeted groupfngs.

ßel.ating strategles to tha numbes úf choleee to concept

attalnment ahor¡ed that focuEslng and ecannlng gave rløe to

dlfferent Levcls of perfotmuntrB. l¡rith an abatract, o¡dared

array of, etlmuU,, focuasErs ure¡B found to requlre fer¡e¡ chElces

to eulutlon than scannsrs. ùlhen thE stlmull r¡e¡e perceptually

unavai.J.able, the dlfferBntrE 1n efflcf.ency of the tun typea of

e'brateglec¡ L¡aa EVen more marked. Scannera ehoued a deerement

ln perfurmance under euch condJ.tlons, t^fi[le focueEers ehsbled

llttle or no uhange. A slmllar pleture ùrÊ¡E evldent uhen the
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perfotmance meÊBute LJEts the number of ledundant cholCee to

aolutlon,

Grttlct smE and alternatfves

Both theo¡etlcal and emplrleal obJectlons to Bruner et

alle anal.yela have þean made by ElfermÊnn (1965a). He¡

theoretlcal crltlclem Lres ts cor¡eot an Lmpreeston glven that

elmultaneous Ecannlng ls mo¡e efflplEnt 1n ùErme of lnformatlon-

getting than conservatlve focueslng. In fact, 1t la not poeslbJ.e

to dlstlngulsh the trrro etrategtBE¡ on thle orlterlon.

Hen crltlcLsm of the method used Þy Brune¡ et aL. to lnfer

strateglee from the cholcea made by aubJeots 1s mor'B telllng.

She has polnted out that It fs not poestble to dlffe¡entlate

opgre¡ttonally betu,een a Bequsnce of cholces aepsgsentlng

s1multansoua tsEetnnlng and one rtspresentlng conservatlve focuastng.

Mo¡eoVer¡ the same seguentrB of ehoLces may Þe prodUced on some

oecaslons by succesalve scannl.ng as by conaervatLve foeussingt

and on othe¡ ootraalone Buccessive scannlng may ba lndlstlnquf.shable

from focue gambllng. In othe¡ uords, Btruner et alfe procedure

fo¡ c}asstfylng the typas of choloes generated by subJects i.nto

one of the ldeal strstegles propoeed le lnvalld.

$ther obJectlona have aleo been raleed that the method for

identifying strategiee 1s lacklng ln oþJectlvltyr that too much

¡eltance ls placed on lnfBrentrB by the axperlmenter. Hunt (L962)

hae euggested that tr¡o independent Judges ehould be used to

dete¡mlne etrateglaa, Houevel, f¡om the crtticlsm made by
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Eiferm¡nn above, no numbe¡ of Judges could rellaÞly or valldly

claeeify subJects as amploylng one of Bruner et alre ldeal st¡ategiea.

Eyers (19b5) has proposed that an obJectl.ve claselflcatlon

of etrategl,ea Is posetble tf a eürategy lE redeflned es the

sel,ectlon of cande from certaln response claeees, urhlch dlffer
aocording ùo the number of att¡lbute valuee changed from the

focus eärd. As E technlque fo¡ rnaklng lnferences about the

FTBoBEB of soncept attalnmsnt, Byeret prooadu¡e auffers f¡om

EavErEl defi,cfenc1ea. Fl-ratly, lt aaeumss thet the auùJect

uees the glven i.natance ae a focua ca¡d fa¡ the ufiole of a

problam¡ even though Bruner et aJ. euggeeted that snnetlmes

subJects changed thslr focus. Secondl.y, 1t provldee no lndfeatlon

of the redundancy of card choloee aleo noted by Bruner eÈ eL.

ThlrdJ,y¡ 1ü asaumee thet only one strategy may be employad

ciuring Ê¡ny pne problem, En assumptlon uhtch has heen found

ùo be nst al¡¿sys true (Bruner et a1.r1956¡ Elfermann, 1965b),

TheEe deflclencles undoubtedly a¡lss becauee Eyerrr rEdeflnltlen

of Et¡ategy le clearly not LntEnded to þe uEed as a beals for

making tnferenEeE ebout some lntervenlng FrocBEBÕ Rather hls

deflnltlon r¡akea atratagy a dtrectly measuraþle lndex of ove¡t

bEhavlour durl,ng ooncept attalnment. Perhaps lt t¡¡ouLd be

batter, thereforet tf a dlffe¡ent label to at¡attsgy r¡,tsa emproyed

ln thfs oEtsg. The need to ¡edeflne at¡ategy In'thla rrlay may

bE an admlEslon of the ltkellhood of eucceas of a ptocees

approach to concept attalnment.
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Laughlfn (19øSr 1968b) has developed a quantltatlve index

of strategy uaage by coneelvlng of focuEalng as a eonttnuoug

dfmenelon ¡ather then a etrlct dichotomy trrtth eaannlng. 0n

thls propseal a gseater uäaga of the focr¡sslng etrategy by E

suhJect ¡sfleeted a leseer usage hy thet same euÞJect nf the

soannlng atretegy. The araount of focusslng uae ecoled acoord!.ng

to tr,n rulesi (1) each card eholce hed to obtatn lnfosnatton

trn a neu, attrtbuta; and (2) tf an hypotheale uaa made, !.t had

to be tenable csnalderlng the fnformatlon auellable. The

number of trtale uhlch sqtlaffed both of thEee tuo rulas uaa

dlvlded by the total number of trlala üo solutlon tn obtatn a

focuselng Bcore from zeeo (no I'ocuaslnq) ts one (camplete

focuEsinË). Thts app¡oach by Laughl!.n, r$llat obJeetlvet

ettll dgee not ovelctrrlre the crltlclem of ELfe¡mann on hnu to

dlfferentlate betupen GtrnBEruBtlve foeuaslng and slmulteneaus

eoannlng¡ both f.deal atrategles hrtruld be axpected to yleld a

focueaing EcorÉ of one. FloDeovtsÍ¡ Laughllnls ¡ulea for scorlng

fscurafng BBBm to be mora a meaaure of the efflclency of

performenoe than of the procses Involue¡f in arri.v[nç et the

concept, a poaalht.Ilty admltted by Laughl.ln hlrnael,f (Laughllnt

1968b). Thua, lt ts noù aurprlelng that mo¡e dlfflcult cancepts

shgu lEsa fseueelng"

Elarnbra (19?Lar 1971b) haa euggEatad that t¡het Laughlln

ls measu¡Ing le really the subJestrs de facto strategy rathEr

than hle lntEnded one. The lntended strategy uaed by a subJect
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may bB astrErta1ned, acÊording to Glambaa, þv ¡equlrlng tha

EUbJecü ln addltlon to lndlcate uhethE¡ he expecte the selected

ca¡d to ba a poeltlva or a negatS.ve lnEtanee. The JustlfLcatlon

of thle clalm le glven ln the fe¡m of an example. Eonelder a

subJect uho, tn attEmptlng to ldenttfy a conJuncttve concept,

has eelected an Lnetance uhlch varLee from the lnltlal poelttve

tnatance by tun attrlbute valuee. If thls seleoted tnetance

1a poaltlve, then a coneldeDable amount sf lnformatl.En ia galned

about the concept, vlz. ¡ that the tr,¡o attrlbute valueE changed

are lmElevant. If, on the other hand, the lnatence la neqatlve,

very Llttle lnformatlon abouù the concept le acqulred. Gtambre

arguBE that a eubJect ualng a focuaelng etrategy muet have

expected the card selested tp be a poaltf.ve lnEtanee. Tharefore,

ha deduces, Lf the suhJect Intended tha card to be negatlve, then

he eould not have been ualnq¡ a focuselng atrategy. By lnpllcatlon

he nust have been uslng a Ecannlng atrategy. Gl,ambsa doee not

epeclflcally etate hls concluelEn lf the subJect lntended the

lnetance to þe B poel.tlve lnstanee, but lt ia apparenü that he

b¡quld clasalfy thls aE lndlcatlve of a fEcusalng strategy.

ThlE aeeumptlon, unfortunately, overlooks the assertlon of

Bruner et al,. that suÞJecte uelng sueeeeElve BElannLng prefer

dlrect taete of thelr hypothesls. If B¡uner et aL. are correct,

thle maane that, llke fEcuealng eubJects¡ ecannlng subJeets

expect ¡noet ef thel¡ !.netancee selected alEo to be poaltive.
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Thus, havlng the eubJect f.ndlcate uùether he expects the lnEtanBB

eelected to be posftlve or negatlve stlll doee not enabLe an

operatlonal, dlstlnctlon to be made betr¡een focusaLng and ecannlng

strateglee. The eamE obJectl.ons the¡efore apply also to

Elambrats approach ae to Laughllnts.

The fallu¡e of atternpta to dlfferantlate betr,.rcen etrateqlas

on the baalE of the Bequence of card chalces forces a retreat to
more subJectlvE nethoda. Elfarmann (1965b) haE EuggeËúbed that

Bne approach to the ldentlflcatlon of st¡ategles la to analyze

not only the eholcee made, but el,ao the reasons the eubJecte

give for maklng these cholces. The uee of eubJectlve reports

hae been reJected by many people ln the paat becauaE of the

bellef that aubJects u¡ho suceessfully eolve problema a¡e oftan

unable ta deecrlbe hsh, they arrtved at thelr eolutlon (e.9.,

Bruner et aL,, 1956). Contlary to thls common obeervatlon,

Elfermann clalmad that the adequacy of the verbal report ln

taeks uhtch requfre loglcal thlnklng la poslttvely correlated

ulth eff,lcl,ency ln perfo$uance. Uelng thts method for lnferrtng

atrateglee, therefore, Elfermann noted 1n llna ulth Bruner et

alre cleaelflcatlon that subJects may be broadl.y grouped lnto

those uho employ a ctrnoeFt-centred apprsach (equlvalent to a

seannlng strategy) and thosE urho employ a trEmponÊnt-cent¡ed

approach (equl.valEnt to a foÊueelng strategy). In the early

stages of the taek, hor,rever, conelderablE varlatton tn the type
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of responE¡Bs and lepoats glven b,ElE BVldBnt sven for a slngle

subJect and Lt L¡EB snly sfüEr belng expoaed to seve¡al p:roblema

of the Bame type that the aubJetrt davgloped any tronalstent

BtlatEgy.

In summaryn EBVETB crlticlams have been made of thE

rellaÞtllty and val.ld1ty of the lnfe¡ence af etrategias ln

etrnJunctlve concept attatnment. It eeama that no satlsfactory

deocrlptton of Buch Psoceeaes f.e poesi.ble hJtthout reference ts

subJectlve aepo¡ta. Besause of the tentatlvsneae of process

deacrlpttsne obtalned tn thf.a r^ray, no evldence ls avallable on

the relatlonehlp bEtuesn etrategles and PBrforrnEnGEi xndeedt

1t 1e llkely that Elfernannls method of lnfErrlng atrateglee

rnay lteelf havs an effect on perforrnanee" Byere and Davldson

(196?) have eher¡n that concapt ldentlftcatlon !s faci.lftated

uhEn subJecte ate ¡.Bqulred ts etate an hypothesLe of the eoncapt

on each trlaL. A ptlot study by the preeent author uetng the

Elfermann teshnlque conflrmed her claeelffcatf.on of atrateglee

nnt only for conJunetlon but alao for lncluelve dlsJunctlon

aa ue!L. Houleve¡, commente by aubJacüa afte¡ the experlment

eeemed to lndlcate that r.Bq¡lr.lng Ë reason fo¡ each card oholce

affeoted performance e!.ther by euggeetlng a Bolutlon uhlch may

not sthEruLsB have Þeen sBBn û1, In some caetear by tnterfertng

t¡¡lth the F¡ocess of evaluatlng and storlng informatlon aþout

the concept.
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Exper t IIIr 3electLon strate nlee and rmsnEle follot¡lno

tralni on 25 attr te-ldentf.f on srobleme fo¡ fsur

conceotual rulee.

Perhaps an alte¡natlue method of aeaeselng the strateglee

empLoyed by eubJesta 1s to ask the subJact at the end of a problem

to desertbe hor¡l he r¡ould tackle annthe¡ problem of the sarne type

if one LreE€ prgsented. Thle method auffers frsm the dlsadvantage

obse¡ved Þy Elfermann (1965h) that the ProcBEs of concept

attalnment fo¡ early probleme tendE to be qutte varLabl.a,

Accordlngly, [t |e unllkely that many subJecte could state

thelr method of attack untll they had EomB tronsldErable practlce

at soLving ptoblema of the same type. An axperlment uas conducted

ln ¡¡hlch subJects uere glven practlce at eolvlng a eerles of

25 eucceselve probleme before they uere asked to deecrlbe thelr

atlategy. Glearl,y any etrateglee lnfe¡led after thls amount

of practice are golng to dlffer from the eorts of st¡ategles

ldentlfied for nalvE subJeets. The maJor soulcs of dlffefencet

lt le hoped, r¡fll be the ell.mLnation of any rìtrn-sVstemattc or

¡edundant featurEs of respondlng. There ls also the poaelbllltyt

of couree, that eome subJecte may have developed a completely

nBùr apptoach to a problem from the one utlllzed at tha beglnnlng

of the sell.ee. gtlategles lnferred, theraforer cannot Þe regarded

ae neceasarlly lndlcatf.ve of the types ef etrateglea utlllzed

by nalve aubJecta. Nevartheless, clasetflcatlon of st¡ategles
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by matehlng r'rl.th Bruner et alts ldeal strategiee, for examplet

should be somedhat morE ¡ellabLe follor¡l.ng pracüiee than ln

the abeence of practltrB effEcts.

If thta technique is suseessful, the degree to r¡hlch

performanca mËy be predfeted f¡om the strategy enployed can

be evaluated. P¡ovldtng eubJecta uith tralnlng on the taek

hae an addf.tlsnal advantage here ln that performance can þe

expected ts reaoh a stablE trr aevnlptstlc level r¡hích should

facilltate nomparisone betueen actüal performËnce and PetformantrE

predictecl by tha eubJectte strategy.

Four conceptual rules ['re¡B Bxamlned. From Bsurne (1967)t

tt mlght be expected that any differ'Ê,ncea ln dlfftculty betuaen

ruLBs r¡hlch are evident on lnltlal prtblEms ehould dLsappear

ullth practlce. A consj.deraüIon sf the ldeal atrateglee poaeible

for Bach rule, on the other hand, leads to a differenü predictlon.

Acsordlng to an optimal (maxlmum lnformatlon per eholce, no loss

pf fnfsrmaùlon through forgettlng, ns risk) focueslng strategyt

the order qf dtfftculty of rul,es afte¡ tralnlng should etill be

conJunctlon, bteondltlonal and lncluslve di.aJunctfon, and

conditlenal, as aatlmated by the mlnlmum number of triaLs to

solution nEcBBsEty. Thts ordÉl ls calculated for an urderly

arranged stlmulus dieplay havlng four attrlþutea ulth th¡ee

values per attrlbutE. The tnltlal lnetanots En each problem

may be dra¡¡n from any of the poeltlve stlmulus clasees fur

each rule: TT for oonJunotlon, TT, TF, End FT for lnc1uslve
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dleJuncts.on¡ TT, FTf and FF for condltlonal, and TT and FF

for blcondLtlonal.

If the predlctlon der!.vEd from a trEnsf.deratlsn of ldeal

strateglas Ie true, then thle negateE the slmple famlllarlty

hypotheets about dlffe¡ences ÞethÌBen ¡ulee being due to differlng

famlllarlty r,rLth the rulea and thelr approprlate Et¡ategles

(Haygood and Bourne, 1965)' of coulasr the famllLarity

hypatheala can be nodlflad to trvercome thls dlfftculty. Thle

i"s to euggeat that the nunbet of cholcge brhlgh are redundant

to an approprlate etrategy can be øllmlnated by practlce.

At any late, Eny .rgtrount of dlfferenqea bEt¡,reen rulea uhlch

j.E baeed on the nstlon sf famlltarlty [s scLentfflcally

unteetable alnee a fatl,ure to altmlnate the dlffgDÉncea betuleen

ru1es rrllth practlce could aL'reya be att¡lbutEd to the posslblJ,lty

that a dlfference Ln famlllarlty etlll axlsted þetr¡een tha ¡ulee.

Ideal strategles for the four rulEa are outllned belou'

In llne ulth the formulatlen sf Bruner et aI., atrategLeE are

dlvtded lnto hypotheEle-teettng or Bsann!.ng and att¡lbutE-teet1nE

or foeussLng. Ltttle neede to be added he¡e to the descriptlon

of ecannlng gluen by these authpra. Slmultaneoua scannlng and

successlve eeannLng BEEm equally appl,f.cabl,e ln the forrn descrlbed

ts all coneeptual prob!.ema, lrrespectLve of thE ¡ul,e. The same

Ls not true, houever, for focusslng ln rrlhlch the ldeal plan

ehouE conelderable va¡latlon accordlng to the lule. Horeovel,



ev'n fÉx the eame rule, a etrategy uhteh la approprlate ,orttt'
ona type of lnltlal posltlve lnstance ls sometlmea lnepproÞtiate

r¡hen other typee of lnltlal poeltlve lnetancee a¡B Freeented.

ldhat ls neEded, of sourser le a strategy uhlch trtlll produce

the eencept under all condltlone sf lnltlal lnetance. The

obJectlves of the task may be aeEumed to be to ftnd the concept

1n the mlnlmum numbe¡ of choleear ulth mlnl.mum l,oad on memtrry

and tnference, and r¡lthout rtsk.

Far conJunctlon, the ldeal aürategy gtven theee oÞJectlvee

Le csnee¡vatlva foouaelng. 0n thtE strategy¡ catda ate aelested

r¡hlch vary from the focue card Þy ona attrlbute value. If
a card shosen ln thla r,ray ls posltlver then the ehanged attrtbute

value le lr¡elevant¡ lf negatlver tha changed value le relevant.

If after trrn aho!.ces, ttrro negatlves or tuo poaltlves have been

found, the concept conalsts of the f;u¡o attrlbute valueerln the

fscue found ¡elavant or the tr'¡a attrlbute valuea ln the focue

not found l¡reLevant reepectlvely. A further cholce la neeesaary

if pne poaltfve and one negatlve ca¡d are found ln the flret tt,¡o

ehotcee. Elnce half the probleme on the avErEgB ara eolved in

2 chslces and the othE¡ half ln 3 choleee, the mean number of

cholces ultF¡ an ldeal. strategy La 2.5 cholces.

For lncluslve disJunction, the ldeal focuaelng etrategy

depende on r¡hether the lnltlal lnstaneE contqlns both or one

relevant att¡lbuteval.ue. Thue the fl¡et stap ls determlne
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the nature of the ln1tlal lnetance. Thte la done by selecttng

trr¡o cerda ûJhlsh do not have any attrf.bute valuee In common ulth

each other Br r¡l.th the focua ca¡d. If theee tun ca¡d6 ErB

negatlve¡ then the lnltlal, lnetance contalne both relevant

attrtbute valuea. If only one La nÊqatlve, then the lnitlal

lnstance contalnr only one relevant attribute value. If the

former Le the trBËe, then the concept may be fsund by choosing

car.ds r¡hteh vary all but one attrlbute valuB of the focus.

If a posltlve lnstancE lssulta, then the únghanged value ls

relevantl tf negatlve¡ then the unohanged value le lrrelevant.

In thte Uay the concept may be feund on the 8vËr'898 after 4.5

chsleeE. hlhen the lnitlal lnatanee contalns only one ¡elevant

value, the focus muat be changed to the negatlve instance

aLreedy eelected. Earde ars then selagted ¡,¡hlch Vaty one

attrlbute value at a tlme from the neul foeus. If a porltive

lnatancE DEBultE, thE ehanged value is relEvant¡ lf negatlve¡

the changed ualue le lrrelevant. All, valuea on Each att¡lbute

ale teated untll one ¡elevant valuB 1s found. ff thle value

la preeent in the inltXal lnstantrBr then the renralnfng valuets

tested need be only thoee not ln the focus nor 5.n thE lnlttal

lnatanee. Sonversely, tf the obtained r.BlBVEnt va}ue ls not

ln the lnltlal lnetance, then only those valuee tn ühe !.n1tlal

lnstanee need be teeted to flnd the remaLnlng relevant valua.

Ueing thle strategy, the concept may be I'ound after an avÊFagE

of 5.9 cholcee.
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For condlttonal, tuo parte can bE dletlngulshed ln the

ldeal etrateqy¡ (1) a aearch fo¡ a negatlve inetance, and

(2) ldentlflcatlon of the ralevant attrlbute valuee uslng

the negatlvE lnetance tra a neb¡ foous. The etrategy outltned

he¡e uorke for the three posal.ble lnf.ttal Lnetaneas, but

dLfferEnt mean performaneea are pradlctEd for each. To ftnd

a negatlve lnatance, ea¡de a¡e ehosan uhlch vary al.l attrlbute

valuee Þut onE ln ühe lnltlal lnstanse" If no salevant valueg

are preeent tn the ln1tlal lnatance, then an avtsrage af 2.6

shoicea a¡E ¡Bquf.red¡ lf onE relevanü val,ue 1r present, 2.8

cholcee are requlred¡ and lf both rplavant valuea are preeent,

4.0 cholces ulll be requlred on the average. Having located

a neqatlve lnstance, relevant att¡i.bute values may be found hy

uaLng thle negatlve lnctance aE a nB¡, focua and varylng one

attrlbute value at a tlme, maklng a dlrect teet of each value

of eash att¡lbute. If all values of an attrlbute ylsld negative

tnstancea, then the attrlbute 1g lmelevant. If one value of

an attrlbute ylelde a poaltlve fnetance, then thle valr¡e Ls the

ItÈirenn part of the ooneept. If tr,lo valuee of an attrtl¡ute

p¡Bduce poaltlve lnetanees, then the value of thls attrlbute

1n the focue ca¡d lE the tLfr part of Ëhe concept. ThIe

stretegy raqulrea a mean of 5.2 t¡lals for ldentlfytng fhe

concept, Thue, lf no relevant valuee arB preeent ln the

tnlttaL lnEtancel the ovEral.l nean number pf chsloea requtred

1s 7.8¡ lf one value la preeent, the mean Le 7,21 lf t¡oüh

are praaent, the mean Ie 9.2.
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For blcondf.tlonal, an ldEal focueelng etrategy can be

developed uhloh can be used to ldentlfy the coneept lrreepectlve

of the type of lnltt al lnEtance, but BnEe agaln perfornance ls

predlcted to dlffel for the tr¡o types of tnitlal lnstances.

Ustng the lnltlal lnetance as a focus, tnetencea aDe selected

r,lhfch vary trnB attrlbute valuE at a tlma sÐ as ùo test all

values of each attrfbute. If all. tests for a partteulã¡

attrtbute are poettlve, then that attrlbute la lrrelevant.

If tr¡o of the three teEts for an attrlbute yiald posltlve

lnEtances, than the atùrlbute Val,ue r¿hlch g[t/Bs a negatlve

tnstance IE relEvant. tf ons af the three att¡lhuùe values

ytelde a poettlve lnstance (1.8.¡ the lnttlal lnstanca), then

that value Ia retrtsvsnt. Bn thls strategy a mEEn of 4.5 shqlcas

ate lËgulred to Bolution Lf both attrlbute values are present

f.n the lnItIaI lnatance! lfr houevsr, nelther of the relevant

valuae aDB present Ln the focue cald, 5.9 choLces are rEqulred.

In the experfment rrrhlch follaurs, on half of the prÈblems

the inltlal paeltlve lnstantrE uaa draun from the subset of

pasltlve lnstances contãlnlng both relevant attrlbute values'

For the remalnlng probleme the nature of the inttlal posltlva

inetance uas dependent on the type of conoept¡ for conJunctlont

the lnlt!.al poaftlve J.netantre Ðn the rematnlng probleme also

ctrntalned both ¡elevant v81ue8¡ for lncluslve df-eJunct!.on,

the remalnlng problems had fnltlal lnstsn6es t¡lj.th onlv BnE
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relevant attrlbute value; for the condlttonal.r half the

renalnlng pr'oblema had lnlti.al. posLtlve lnstancee ul'th one

r'elBvant Value, uhtle hal.f had nelther relevanÈ valuesg fo¡

the blcondltlonal, nelther ¡BIEVÉFt valuea brele pleeEnt ln

the lnitlal, posttlve lnstan¿B for the remalnlng prtrblema.

Theee proportions ürBlB adopted arbltrartly. Thls maanB ühat

the mean number of cholces pr6dleted hy an IdEaI focueelng

stretegy [s 2.5 for conJunct[on ] 5.2 for blcondltlonal and

lnulualve dlaJunctlon, and 8.4 fer Eondltlonal.

1. Metho4

R¡ peslqn and gubjects. Thls oxpË¡.lm6nt hrag Eonductpd as

a çlaee pl6cttca! fo¡ thlrd-yeËr paytrhology atudents at the

Unf.ve¡Elty of Adelatda. The klnd permlaeton of P¡ofesaor

i4. A. Jeevee ln runnlng thi.B experlment 1s Écknou¡ledged'

The 48 etudente htho took part aB subJects ürErB not completely

nalve to concept learnlng taska.

A 4 x 25 repeated-meaeules facto¡fal dealgn uas uBBd brlth

the varlables, (a) conceptual rula (conJunctlonr lncluElve

d!.sJunctlon, cendlttonaÌr and blcondltlonal)r and (b) prsblems

(25 for ãEtrh EubJect). Tr¡alve eubJects uBre assigned to one

of the four ¡ules. The attrlbute valuaÊ fnr the 25 coneepts

uere randomly trhoeen for eaeh subJect from the 5l+ posalÞIe

palrs of attrlbute-value eomblnatlona of tr¡¡o attrlÞuteE.

Turo experlmental seasione Éf apPfoxlmately tr¡o hou¡B BEEhf



FIEUFE 2. Effect of t¡ainlng on 25 problema on the mean

numbEr of eard cholcee ts attrlbute ldentlflcatl0n

for four conceptual rulea.
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trne u,eek ãpãrt, t,Jers requlred for eash eubJect.

The lnitlal posltlve lnstanoee on each problem ûJEIB

randomly chosen r¡Ith the folloulng provlslons. Half the

problema for each rule began t¡lth a TT lnstancs. For the

remalnlng problems the type of tnltlal i.netance presented

uas dapendent on the rule¡ for conJunctlon, these u¡e¡e TT

lnstances also¡ for lncluslve dtsJunctlonr the remalnlng

probleme had TF o¡ FT tnltlal lnstances¡ fo¡ tha condltLonalt

half the ¡emalnlng probleme began ulth FT lnetantresr uhlle

the other half began r,¡lth FF lnstancee¡ f,o¡ the blcondltlonal,

FF Inetances uerts presented on the other problems, The order

of the dlfferent types of lnltlal posltlve lnetantrBa uee ¡andomlzed

for eaEh eubJect.

b. Stimull. - The eame sttmull ue¡e used ae ln Experf.ment I.
cr PrEcedure and Inst¡uctlons. - Tha detalls of the procedure

and fnstructlona r¡erE the aame ËE ln Experlment I'

In acidltlon, after 25 problEme had bEen eompletedr the

subJeot u¡as aEked to rrlrlte dob¡n Bn account of the approach he

r¡ould use to flnd the concept lf he l¡JaB paesented ulth anothel

FroÞlem elmllar to those he had eslved,

2. Results and Dlecuseton

The mean number of ca¡d cholces to soLutlon on each of the

25 problems for the four rules may be eeen !n Flgure 2. An
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ana1ys1e of varlanca on this data transformed by a equare root

transformatlsn ao aB to make the va¡lancea more homogeneous

reveal.Ed a slgnlflcant effect of nulee, E (3rl+4) - 52.4O1

g(.00),r of problems, F (2411056) o 5.36, E(.0f¡1, and aleo

a slgntfl.cant lnteractlon betr¡een rules and probleme,

L (72ùtr56) = 1.56' P<.05. From the graph thls lnteractlon

aeemB ts be due to lncluelve dlsJunctfnn and blcondittonal

havlng almllar dlfftculty to condltLonol on earl,y problems,

but havfng lees dtfflculty on later probleme.

The ¡eeults for the laet 5 probleme arts summa¡lzed fn

TaÞle 10 ln tarms of the mEBn and standard devtatlon of the

number of card cholces to aolutlon fo¡ each conceptual rule

and problem. An analysle of varl.anee u¡ae carrlpd qut on

thle data traneformed by a equare root tranafo¡natl.on. The

effest of conceptual ¡ule uaa elgnlficant, F (3144) . 110.29¡

g(,.001. No elgnlflcant dlffarance uae found þetueen problema,

nor ürEB there a slgnlflcent interactlon effect betueen rule

and problEme. A aummary of thls analystE le glven ln Table LI.

A poet hoc analysle on ruleo uslng Nau¡nan-Keuls multiple ranqe

comparl.eone reveal.ed elgnlflcant differencee batu¡een conJunstlon

and athar coneBptual ¡utea (g(.0I), bett¡een blcondlùlonal and

condltlonal (g(.BI), and betr¡een lncluetve dlsJunctLon and

condlttonal (g(.01). Thue the ascendlng order of dlfflculty
cf rulee after 25 prublems Ls conJunctLon, [:lcondltlonal and
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inelualve disJunctf.on, and condltlonal. t¡hlch cloeely ¡esemblea

the orde¡ obtafned ln Experlment I and ln Laughlln (1968b, L969b).

The fLndlng of no dlfference betueen problems suggests that

eubJectæ have reached a etable or asymptotlc level. 1n thel¡

perfolmanoe. It ie evldenü therefo¡e that a almple famLllarlty

hypotheais cannot acoount fo¡ dlfferenoee beüt¡reen rulee on

attrlbute-ldentif loatf on.

Souroe of va¡latlon

Beüueen euÞJects

RuIea

SubJecfs r¡lthtn
q80up8

<.0t¡1.

t¡JLthln suÞJects

Probleme

Rules X Problems

Preblema X SubJects
r.ulthln gEqups

N.S.

N.5.

TAB¡-E Il. Sunmary of analyafe of vatlanqe an the trlale to

eoluttsn deüa f,qr the laet ftve probleme üransformed

ualng a BquËEe-root tranEfsrmatlon.
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It may aleo be noted that the obtalned order of rulee Ls the

eame order uhlch ues predlcted by ldeal focusslng strateglea.

Moleover, the mean number of cholses requlred over the laat flve
probleme closely reaemblee the predlcted mean for thE ídeal

atrategies. It ehoul.d not be aEsumed f¡om thls, houever,

that euþJecte Érs nÉEeasarll,y utll,lzlng an ldeal st¡ategy ot

svan a focueelng strategy Bn eash rule. ExamlnEtlon of the

subJeottve reporte gathered at the End of tha 35 problerne

lndlsates, nevertheleEa, that ln almeat every caae au[¡Jecte

d1d employ a focuaslng approach and ln eome lnatancee theae

resembled the ldeal atrategles outlined 1n the lntroduetlon

to thlE experfment.

For conJunctlon, 11 of the 12 subJects reported uolng

a st¡ategy elmtlar to conãervative fscuasing, that la, an

ideal focuesf.ng strategy . The remainlng subJact utlllzed
a elmulttneoue scannlng atrategy uhe¡e all poaelble hypothesee

¡emalninq after the glven f.natantrE LrErE tested. The obee¡ved

mean of 2.6 trlals to solutfon over the last flve problems

closely approxlmates the mean nurnber oî 2.5 trlale expected

theoretlcally for both coneervatlve focuselng and slmultan€sug

scanning.

For blcondltlonal, three strategles ùrEtrB reported.

Seven subJecte adopted the ldsal focueal"ng atsategy. One

subJect employed a slmila¡ apptoach except that he changed
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hie fosua to the fi.ret lnetance r¡hlch lndlcated Ene of the

relevant attrlbute valuee. Four subJecta began by aeeuming

that the glvsn lnstanoe contalned both ralevEnt att¡lbute

valueg. Uef.ng thle lnetance as a focusr they employed a

conEe¡vatlve focuealng etretegy almllar to that found fo¡

oonJunctlon. If three posltlve lnEtancee rdere obtalnedt

then nelther of the relevant valuea IJE¡E present Ln the glven

Ba¡d. In thla EaBs a dlrect test Bae mEde trn each attrlbute

velue ae tn the ldeel strategy. 0n the othEr handr tf tuo

nagatlve tnetaneee uere obtalned, 1t ulaa concLuded that the

tulo ¡Elevant attrlbute valuee uBrB Frelent in the g!.ven lnstance.

These valuas uere ldentlfLed to þe those ualues ulhl.chr uhen

changed, ylelded negatlve lnEtancee. It utll be reelleed

that the laet strategy lnvolvas an lnco¡r.eot aeeumptlon t¡hlch

r¡ould lead to an occaslonal lncorrect hypothesfsr vlz.1 that

u¡here turo negatlve Lnatancee uErE obtalned, the relevant

attrlbute valuec k¡eae Fressnt ln the lnltlal poeltlve lnstantrE.

A cornparleon betr¿een the rnean of 5.6 trlale tq solutf,on over

the laet 5 problema and the expected mean of 5.2 trlale

requtred by the flret or ldEal øtrategy utfllzed optlmally

ulth no IosE of lnformatlon through forgettlng Lndlcates

agaln a elqse approxlmatlon betúeen obEervEd perfortnance

and Èhat theoreülcally expeeted from a conelderatlon of

strateglea.
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Fo¡ fnclualve dleJunctlon, four klndE of etrataglea can

þe ldentlfled from the eubJectlve reports. None utlllzed the

ldeal stratsgy daec¡lbed ea¡ller. Stx subJacte reported ueing

a etratEgy urhlch tnvslvad changlng onerattrlbute val.ue at a tlme

uslng the plavlous card teated as a focua ca¡d Each tlme.

ùJhenever a change ln an attrlbute value of a posfttve lnstancE

reeultEd ln a negatlue lnatance¡ that attrthute value t¡as

relevant. lúhEnevetr a cttange ln en attrlbute value of a negatlve

lnstanee reeu¡.tad ln a paeltlve lnetanoe, the valuE of the

att¡lbute ln the poaltlve lnstance uaE relevant. Turo subJects

reported ualng the glven card as a focue, end ohEnglng one

attrlbute vel,us at a tfme unti.l a negatlve ÍnEtanee had been

found. That att¡lbute vaLue uhlch, uhen changed, ylelded a

negatlve lnotance, HaB relevant. The sEcsnd relevant attrlÞute

value tllaE thsn dete¡m1ned by taklng the negatlve lnetance as a

neur focua, and changlng values of Ethe¡ attrlbutea, onE at a

tlme, untll a poeltlva lnstance b¡as located. ft may be seen

that the mEthod employed hera fo¡ eeeklng e negatl,ve lnstancE

t¡ould be uneucceaEful t¡¡henaver the lnltlal poelttve Lnatance

sontalned both relevant attrlbute valuea. Three subJects

adopted tha gtven card ae a focus. and changed three attribute

valuaa et a tlme, holdlng snE attrlbute value conatant on

each trlal. If tr¡o poeitlve and tun negatlve lnstances lesulted,

then the glven Lnetance contalned both relevant attrlbute values,
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and theaa brere detErmtned ta be those valuEs r,rhtch, r,¡hen

unehanged, ylelded ptrãltåvg lnatances. If thts reEuLt dld

not uccur, the relevant attrlbute valueE uere found by ualng

a negatlve lnetance as E neu, focue, and changtng one attrlbute
value at a time ulth a dlrect teat of each attriÞute value.

It may be aeen that thls strategy too may occaelonally lead

to an lncqr¡ect hypotheels r¡hen the lnltlnl lnatanse contaLns

only one relevant value. The fact that tuo posltfve and tù¡o

negatfve lnstanceE ¡eeult f¡em the flret part of the etrategy

does nut nscestsBrlly mean that both le¡.evant valuEa uBsE prøsent

ln the lnlttal lnatance, Bne eubJect elected to change all
attrlbute yaluee from thaEe preeent tn the gJ.ven Eald" ThlE

uaa done turlce, uelng dtfferent attrlbute valuee in each caae.

If both eard chotEee ploved negattvet then the lnttlal t natance

eontalned both relEvant valuee¡ lf only one uae negattve, then

the fnLttal. lnetance contalned one relevant attrlbute value.

Irllth thie lnfornratlon, lndluldual hypotheEee ùre¡e testad unil.l

tha conospt had been attalned. It ls dlfflcult to provlde a

¡ellable predlctlon of thE mean trlale ta EELutlon for theee

etrateglee, but the thl¡d stratEqy (axcludLng the posa!.btLfty

of an lncorreot hypothasls) requlres a mean of 5.? trLale to

eolutlon uhlch can be compared r¡1th the obtained mEEn of 5.5

trlale over the laet 5 probleme.
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For the condItlonal, ae ln the ldeal etrategy tuo parte

can þe dletlngulshed In the strategtes reportedt (I) a eea¡ch

fo¡ a negatlve lnatance, and (2) ldentlflcatlsn af the lelevant

attrlbute values. NE cornplately eystematlc gearch etrategtes

uere ueed to locete É nBgatlve lnEtancÈ. filx eubJeete began

by adoptlng the gluen posltlve lnetance ae a focue ca¡d and

va¡1ed one attrfbute value at a tlme untll, a negatlve ca¡d uas

sElected. If thle nethqd r¡las unautrÊieseful, mssB than one

attrlhute value uEa changed and Lnstancea ürsre choeen ln an

apparently urtayetematlc fashÍon. The rsralnlng eubJects dtd

not ut1l.lze any clearly classlflable procedu¡e to flnd a negatf.ve

lnstance. An estlmate ean be made of the nean number of trlals
regulred to locata a nagatlve lnstanee fo¡ thoEe problamE ln

ruhlch both relevant attrlbute valuEg (i - 2.5 trlals) or nelthe¡

rslevant attrlbute valuee (Ï = 4,5 trlals) t¡rBPB preeant ln ühE

glven eard, &lhare sne relevant attrfbute value uaa praaent

ln the glven card, changtng sns attrlbute value at a ttme from

tha glven ca¡d r¿Ill never produce a negatlve Lnstance. In the

preeent task, therefore, a mean of 3.2 trlala shsuld he needed

to dlEcover Ë negatlvE lnatance fo¡ tr,lo-thLrdE of the problems¡

no rellable eetlmate can be made fs¡ the renaÍnlng problems.

Havlnq found a negattve tnetance, eLght aubJects uEed a negatl've

floeussing strategy almller to that found 1n the ldeal atrategy

descrlbed ea¡lter. Thla strategy requLree an aveleqe of 5.2
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trlala for ldentlfylng the eoncept, 0ther strateglea employed

a method of teetlng alngle hypotheses or uste untrlasalflable,

Thus, the.best estimate of the mBan number af lnetances selEcted

for a condltlonal so¡reept Is 8"1+, ¡¡¡hlch comparad ulth the obtatned

mean of 9.8 lnstantree over the laat 5 problems.

These therefore usre the selectf.on strataglee lnferred from

the eubJectlve reporte glven by eubJecta a'b the end uf tralntng

on 25 problame, Frsm the lnatructLonE presented ts tha eubJect

at the beglnnlng of the expe¡lment, lt may be aEeumed that the

aubJect had at least troo obJectfves on the taskt (1) that eactr

eelectLon ehould Enable the maxlmum poaat.ble fnformatlon about

the conoept to be ga5.ned, and (2) that the coneept should be

attalnEd ufthout ¡lEk of €trorr A thlrd ohJectlve mey also

be suggeated, nameLy, thEt the concept ahoul,d þe attaf.ned ullth

the mlnlmum load on mamory end lnference. Some obse¡vatlons

cen Þe made about the at¡ategles lnfe¡red hevlng these obJectlvee.

F[rstly, the nature Bf the et¡ategles for any concept type

ahoLls aDmE vatletlon betu¡Esn fndtvtdual subJects cn the preferred

method of attack on a problam, Furthercnore, lt f,a apparent

that the varlety of strategles fo¡ ldentlfyl,ng a paetlcular

type of concept lnereasEe ae the dlfficulty of the concept

type LncrEaE,eB. Not all of ühese etrategles, houlever, ura¡Ë

found to be effectlve under all condltlons. The maln factor

determinXng the effectlveness af a etrategy aeems to be the
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nature of the lnttlal posltlve lnEtance. In thte regardr E

hllleoxon slgned-ranks test lndtcated that, for blcondltlunal

signlflcantly more trlal,E to Eolutlon uere requlred aver 25

problema r,rhen nElther sf the relavant attrlbute valuea u,Bre

present ln the lntttal Lnatance than ¡¡hen both relevant attrlbute

valuee uBlB present (g (.Bl)¡ fo¡ cqndttlonal, fauer trlale
uJare ngsdEd r¡hen both of the relevent attrtbute valuee UEDE

present In the lnLtial lnstance than uhen one or nelthef, ürere

presant (g(.05); nB dXfference ln performance uae evfdent

fo¡ lncluslve dlsJunctlon bet¡¡een the tun typee of lnLttal
poeltlve lnstanses. ThlE reault extends the evldence obtalned

ln the prevloue chapter relatlng performanee to tha type of

lnlttal lnstanee preeentad. It may also be compared ulth

Haygood end DevlnerE (L967)flndlng thet attrlbute ldentlflcatlon

of þIcondl.tlonal and lnel,uelve dl,eJunctlve concepte uas

improved r¡rhen the proporblon of f.nstanaes ulth both attrLbute

values ü¡aa lncreaged.

Secondly, the aubJectlve Eeports pf strateglea lndlcate

that moEt eubJecta prefer a focusalng technlque to attaln concepte.

They do not, houever, ãuggest that conceptual rules dlffer ln
tha extent to r,lhlch focuaelng ls employed, as has been postulated

by Laughlln (1968b). Thls may elmply mean that utth practi.ce

aubJecte arE ahle to appJ.y focuestng teehnlques Bqually to all
rulee. AltE¡nat!.vely lt may maan that Laughltnra aesertlon

is a functlon of hls lndex of the amount of focussS.ng ulhlch hae
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already been eho¡¡¡n to be an Inval|d meaaurB of strategy usage.

0n conJunctlon and blcondltlonal a paeltlve lnetance ulas cornmonly

taken ae e focus¡ on condítlonal, eubJeots reported aeeklng a

negatlva lnetance ufrlch couXd then ba used ae a focue¡ on

incluelve dlaJunctlon, there uas no clea¡ pradll,ectLon for

elther poeltlve or negat!.vE lnstantree to be ueed ae focl.

These flndinge EaE compattble ullüh the reeulÈs obtalned in

the prevloun chapter. There lt ù¡ae noted that eubJecte on

conJunctlon dtd not gafn any lnformatíon about the concept

untll they had locatad e poeitlvE instance. PraEumabty the

poaltlve lnstance once sntrountEred r¡as used aE a focua to

determlnE the ¡alevant attrJ.hute vElues, Simllarly on the

condltlonal no lnfo¡'matlon about the concept uae galned untll

a negatlve lnstanca uas found uhlch, it urould geem uaa then uaed

aa a foeus. 8n the blgondltLonel, the clltlcal lnstancE uas

a poeltlve lnEtance conta!.nfng both ¡elevent attrlbute values.

From the strateqlea reportad ln thls experlment subJecte atlLl

prefer to aaeume a TT poaltlve lnEtance on thlE Dulef although

seve¡al apparently hava learnEd r¡lth practice to use an FF

poeltlvr lnetance as a focue. The flndtng of no slea¡ preference

for a poattlve or e ntsgatlve lnstanca for a focue 1n thla

expetlment fo¡ lncluElve dlsJunctlon !e agaln conelstent ulth

the earller evldence ürhete lt uraE ahourt that no dlfferentre ln

perfolmantre ReaultEd fo¡ thle rulE b¡hen the lnltlal lnatance

uae posltlve o¡ negatlve.



L42.

Brunet et al¡ (f956) and Byers (1963) have qbservEd t¡¡Ith

conJunctlve concepts that suÞJects dlsplay a marked tendency

to select carda r¡hlch dlffa¡ 1n only onE attrlbutE value from

tha focue eard. Bruner et al. alao noted thls tendency utlth

dlaJunctlve concepts. The preaent study suggggts that ühe

eame tendeney ta alsq to be found for othet trBneeptual rulee.

The exlstencE of thla feature ln the behavlou¡ trf subJects

accounta for the abeanoe of anythlng apprsxlmating a ctrmplamentary

focusalng strategy Buggested by LaughLln (lgge¡)" Tha sama

modlffsatlone reportad by Eruner et al. to a conce¡vative

focueelng apprtrach üo conJurrctlve concepte are alss obae¡vable

here, lncludlng changlng of the foeue and dlrect teatLng of

all attrlbute valueE; hlhilet theee modlflcatlons may Eerve

h¡ eEeenttal, purpoae ftr conJunctlva conceptar they are flequently

cruclal to euocesaful attatnment of other typea of conoepte.

Strateqles end nsmorv effeate

In the prevloue sectlon dlfferenoee ln difflculty betueen

rules L,€TB atrcounted for ln terme of the numbar of cholses requlred

by certatn lnfemed foeuealng strategles. It r¡as notlceable

that almsst all eubJecte elected to utll1ze a focusslng approach.

Eeveral rEaBBnË may [:e offered fol thls flndlng. Flrstl.yt

B¡uner et al. euggasüed that an ordered arnay sf inetancea

produced norB fEcusalng than scanningr ufrlte seannl.ng ¡¡Jas more

evldent ufth a tandom at¡ay. In the prevloue experlment an
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ordered ar.ray uJaB prÊBented. A second Fosãlble reaeon 1s

that scannlng {e more llkely ürhsn subJecta ale requlred to

Btats thelr hypothesls on Batrh trlal' A further poselblltty

le that the preeentatlon of 6n fnltlal lnetanse ls more cBnduc1vE

to focusElng than ecannlng. Another reason may be that focuealng

and scannlng have dlfferent memr¡Dy ¡squlrements. Byers,

Davldson, and Rohuer (1969) shsked Èhet EubJects glven lnst¡uetlons

on the use sf the censErvaùlve fscuesfng etrategy for attatnlng

conJunctf.VE concepta ehouEd no lmprovement ln Fel'for'mance ulhen

provldad r¡Ith a memory ald¡ ùrhereaa the perfo¡fiE¡Btrs of eubJects

not Elven focusslng lnstrutrtlona uae faeltrltated uhen a memory

ald u¡aE avallabl,e. B¡uner et aI. also reportsd no dearement

In perfolmance fo¡ focusse¡.s requlred to eolva problemts tln-the-

headn, but a dE6tEI¡Bnt h¡45 found fo¡ scannere unde¡ the eamE

condlù1ons.

Thts last polnt may be ¡Elevant to an experlment by Laughlln

(1968b) rrlhq found that provldlnq subJects ù,1th pen6ll and paper

durlng an attrf.þute-identlflcatlon task dtd not facllltata

thElr per.fotmsnce trtrmpa¡Ed ultl¡ a contlol group of eubJects

not pe¡mltted to uee such a memoay aíd. The a¡rangenent of

stlmull and the presentatlon of an lnltlaL ponltlve lnetantre

suggeets that hla EubJBctB may have been predomlnantly uelng

focueelng st¡.ategies, although they rrlere requlred to Btete En

hypotheele on Each trlal. If a focusalng strategy r,las employedt
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thEn thle may aecount for the fal.lure to flnd any lmprovement

rrrlth pencll. and p€par as a memory ald. Alternattvely the

fail.u¡e mey be elmply due to thE LneffectLve use of ühe memory

efd. ElncE LaughLln doee not lndleate the uays ln uhl.ch tha

penctl and pepe¡ ùrers utlltzed¡ lt la dtfflcult to evaluate

thte poselblllty.

From the experlrnenta ¡evteued 1n Cheper Zr lt ums concl.uded

that parfosnance la lmproved by lnc¡eaE1ng the degree to ¡¿h1ch

prlor lnfornatlon le auatlable to the eubJect durlng learnlng,

plovlded sufflclent tlme Le al.lo¡¡ed for lnapectlon and fnfe¡ence.

In ùheeE etudlas, houleuer, there uere tr¡o maJor procedural

dlffe¡encEe froÍr Loughltnts experlment. Flretlyr most of

them employed the ¡eceptlon paradlgm, uhereae Laughlln uged

the aelectlon procedure fer presentlng lnstantrEar Ulhethe¡

thls la llkely to affect the lnfluenoe of the avellabtllty

of prevlous inEtEnBBs on perforrnance Is uncertaLn. Houevett

one Bxperlment by Bourne, Ekatrand, and Hontgsmsry (1969) aleo

used the eelectton procedu¡e and thetr rEEulta supported the

concluslon made ln Ghaptsr 2. fn thelr experlnentr houevetrt

no lnltlal lnetaneB ù¡Ee preeented, hypotheaee uara requlred

after each flve sal.ectlone, and etlmr.¡l1 u¡ere randomly arrengedt

all of r'¡hlch have bean auggested to lnsresee the lncldence of

ecannlng. Thue, lt ls l,lkely that ecennlng ùJBs mol€ frequently

ueed ln Eourne et aI, than ln Laughlln uhere lt has been auggest,ed
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that moat subJgste employed a focuselng atratagy. Thla dfff,erence

may accBunt fo¡ uhy Bourne et aI, found a merßory aLd facllttated

performancB uJheteae Lauqhlln dld nof.

Secondly, tn the studtea ¡evlEued the form of avallaÞlllty

of pasÈ information uaE clearly proscrlbed¡ ln Laughllnre øtudy

the aubJect had to develop h1a oøn method of etorlng lnfsrtnatlon

ln an acCaasl.ble form. Mo¡eqver, uheleas the actuaL stlnulL

uere retalned tn preuloua studlea, Laughltnrs eubJeete preaurnabLy

translated the etlmull Into aome reFDeeentatl'onal oymbol. Thts

euggesta that retlleval of lnformatlon f,rom a mBmosy ald euch

ae pencll and paper ls llkely to be fa¡ ms¡e dlffi.cult and

thErefore lesE beneflctal to performance.

An experlment ulae conducted to explo¡e further theee

queatlone ralsed by Laughllnra experlment. Data from ExperLment

I r¡Ea ueÉd for the control group. It uae deelred to attempt to

replloaÊe LaughllnrE findlng of no lmprovement rslth pen and

FAFe¡r and to telate thle flndlngr !f conflrmed, to tha btayÐ

1n r¿hlch the rnEmory ald tE uaed. EuEh l.nformetlan may also

lndt¡ectly euggeet the atrateglea ù¡hlch aubJecto are utlllzlng.

It r¿ae aleo deelred to lnvestlgate the relatlonshlp betueen

memory Load and eonceptual rule dlfflcuLty. StudleE by Denny

(1969a) euggast that recogn!.t1on-nsmoDy €rlor for prevlouely

preeented etlmull r¡lthin a ctrncspt problem lE greater fo¡ ¡ul'es

of greater dlfflculty. trlhen the mgmory load for theee paat
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stLmult uae leducad, the dlffer.ence Ln dlfflculty betuEen ¡ules

uas alao attenuated (Danny, I969b). A eLmtler sesu[t ùras

reported by thepard, Hovland, and Jgnktne (1961) r¡fio preaented

eubJecte ul.th the taak of semenbgrlng tha category to t¡hlch

each of elght stlmulug Easde rdeae asaLgned for eLx dlfferent

typae of concepts¡ They found that renklng of BonBEpü types

by the Bssuracy and BpEEd r,ltth t¡t¡tch tha Eaalgnment of etlmull

dae memorlzed yl.alded the eEme or.dgr aa u86 O'btalned r¡hen

subJgcts had to lEern elaaalftcatlons fo¡ the varltrua typea.

Ëoth Denny and Ëhapard et aL' employed the receptlon pasadLgm'

0n the other hand, nelther Laughlln (f96eb) uslng the aelectlon

paradtgnrr no¡ Laughttn (tggg¡) ualng yoked Eeleotlon Bnd raceptlon

peradlgrne ùrEtB able to flnd any lnterastlon sffect betùrBsn ¡ule

and mwrsry ald. In the experl,nent to þe descrlþed four canceptual

¡ules uBDs Bxamlned and an ettempt uas madE to see ulhether any

lnteraotlon Bffect betr,¡esn nule and mErnory ald r¡¡Ee obtalned

r¡¡trlch mtght be ln agreemtsnt utth thE rEaulta Of Denny and

Ehepard et al.ç

Exoerlmsnt ÎU r llaaoe of oEn and Daoar aa É melnÐ¡v af.d ln concept

a

I Hethoda

a. Deaion and 8uÞJseta. - The eubJecta u¡ere 52 under'graduate

Etudonte from the flrot-year paychology subJect pool. A l+ X 5
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repeated-meäsures factorlal. deslgn bras uaed ulth the varlables

(a) conceptual rule (oonJunctien, lnclueLve dleJunctlon,

condltianal, and blcondltlonal) and (b) probleme (flve for

each suþJect). Thfrteen aubJects uE¡B aselgned ts aach of

the rulee at ¡,andom u¡lth the llmlt,atlon that there be approxlmately

equal numbers of sach Eex on each rule. The attrlbute valuee

fo¡ the flve proþlems ur€re randomLy drau¡n f¡om the 5t poealble

palra of attrlbute value oornblnatlone of tr¡o att¡lbutea. Íhe

inltlal poeitLve tnetance on eaoh problem u¡ae randomly eej.ected

from the Euþeet of poeltive lnstancee havlng both relevant

attrlbute valueg.

b. Stlmullr - The same gtlmulua dlsplay uae uaed aa ln

Experiment I.
co P¡ocedu¡e and Inst¡uetLonÊ. - Theea L,EEB aleo exactLy

the eame as ln Experlment I. In addltlon eubJeots ürere provlded

ulth a pen and a foolscap note pad ulhlch they uere told they

could uÊs aB thay pleaEed ln o¡der to fLnd the concept. No

lnEtruetlons uere glven on ho¡s they mlght utIllze the pen and

paper.

2. ReEulte and DlEcuEelon

The reaultg a¡e eummarlsed ln Taþla 12 ln terme of the

mean and atanda¡d devlatlon Ef the nunber sf ca¡d cholces to

selutlon for eaeh conceptual rule and problem.



Eonceptual RuIe

GonJunctlon

Incluelva dlsJunctlon

Eondltlonal

Bicondltl.onal

Froblem

l48.

4.0
2.L

L2.'î
7.5

2r.0
16.4

1l.t¡
LB.B

TABLE IZ. Number of card choleeE to so¡.utlon r¡han FEn and Paper

Ére pDBvldEd.

Uslng the data f¡om TaÞl,e I as a cont¡sl grÉup (no pen and

Faper), an analyale of varl.ance b,as e6trled out on thla data

traneformed by a sgusae-Dqút tranEformatlon so aa to make the

vallantrBe more homogeneoue. Slgnlflcant effetrts Ue¡B obtalned

fon çonceptual rulea, E (fr96) - 25.35r E('ffll¡ and for sucseEslve

pttrblemer f (4r584) - I4.1lr E(.00I' l\lo slgnlflcant dlfferenca

uas obtalned betb¡een the control grsup and the group provl"ded

ulth pen and paperl nf¡r, l¡rere the¡e any algnlfleant lntsractlon

effeete. A summary of thle analyale may hE found ln Taþl'e 13.

5.5
2.2

24.5

11. fl

28.2

?'5.6

214.4

18,6

f{ean

E.D.

$4Ean

E¡.D.

Mean

S.D.

Mean

S.D.

3.9
1.5

20.8

16.4

22.7

1,4.6

l¡..4
8.6

5.2
2.9

l¡.8
23.?

ll.8
29.2

?2.5

2L.9

5.5
2.2

14.5

7.3

zfj..8

L3.3

15.9
8.7

2I 43 5



Source of varf.atlon

Betueen eubJects

Rulea

Memory aid

Rulee X Flenory aLd

SubJects ulthln
BrouFB

üJlthln eubJects

Problems

Rulee X Problema

Memory ald X P¡oblama

Rulee X Memory afd X

Problems

P¡oblems X EubJecte
ulthfn groupã

I¿+9.

.0Û1

N.S.

l\1.s.

.001

N.S.

N.Ei.

N.S.

TAELE 11. Summary of analysla of varlantrB.

A pnat hes analysle ualng Neurnan-ñeulE multiple range comparf.aona

revealed for rulee, slgnfflcant dlffeFEncEB hatu¡een conJunctlnn

and othe¡ DU1BB (p(.01)r betr¡Een blcandttlonal and ctrndltlonal

(g(.01), and Þetueen lncluslve dlaJunctlon and condfttenel

(g(.05). Thus, the orde! of cllfflaulty of Dulss 1ø conJunctton,

blcondltlonal, lneluelve dleJunctlon, and condltl.onal frorn easleet

25.35

l,fr.lL

1,¡,8

I

1.86

I
¡.

L29,46

4.67

?..25

1?.50

1.0?

1.,03

L.2h

L.t2

5.1I

frfF

t+

L2

¿.

L2

38ll

96

t0l
3

I
3

890.04

388.38

l+16?

6.76

498.21

583.62

69.99

L'l.62

I+.II

15.82

b76.gg

Flu!rs.D.F.S.5.
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ts most dlfflEult. Post hoc comparl.sons far prablerns shorded

Problema L and 2 requlred efgntflcantly mtrre trlals to aolutlon

than other problems (94.0I).

Theee reeults eupport Laughltnfs (1968þ) flndtng that

t'he¡e fe no faellltatory effeot on concept ldentlficatlon of

provtdlng aubJecte urlth pen and paper durlng the task. An

examlnatlon þrËs therefore made sf the varlous methods ln uhLeh

tha pen and papeD ùras used by subJecta. A summa¡y of theee

methode may be found ln Tabls ¡.4. It can be seen for conJunctlon

that the moet frequently employed method uas üo dlsregard the

pen and paper altogether. Fsr theee subJects lt la not surprlalng

that there lE no Lrnprovament ln performantrB Þn the mamory afd

condttlon. Other aubJectE ehoued clear aLgne of uslng a

foeuastng strategy by llstfng only the attrlbute valueE ln

the glven poaf.tlve lnetance. Agaln lt may be expected that

thpee eubJecta ehsuld ehou ltttle lmprovament u¡lth pen and papet

avqllable. Fotr Lncluel,ve dlaJunctfon, condltlonalr and

blsondltional, the maJortty of eubJacte electEd to maka a

llst of the aüt¡Lbute values of eaoh cErd choaEn and uhethE¡

It r¡ea poaltlve or nagatlve. Short-hand syrnbole u¡e¡e typtcally

ueed to reprgsent attrtbutE valuee. Thua, trRr trepreeented redt

trg a reprasEntEd Bguare, and eo on. Sametl.meer the llet of

lnstances selscted r¡ae dLvlded l.nto tr¡o parts - a positlve

category and a negatf.ve category. 0n other accaelons, poaltlve
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It 1s clear that the maJorl.ty of subJecte attempted to

Etere altr the lnetanoes eelected. They ulere allou¡ed ae muoh

tlme aa they requlred to fnspect and makE lnFe¡encea from

these avall,ablE lnstances. Yet the auallablllty of paet

Lnstanoee dtd not facllltate perfounance. Thle suggests

a fu¡the¡ Llmltatltrn on the conqluslon mads ln Chapte¡ 2 on

the effeetE of provldlng eubJecte access to prevlous stlmull

encounte¡ed. The Breclae nature of thta llmf,tatlon cannot

be specifled from the preeent experfmentr but l.t wul,d ËBsm

most lLkely ts be tronÉernBrl ¡¡1th the problE¡u of ¡Etrteval,

uf lnformatlsn from the atorage dleplay. Tuo poeslÞtllttee

axlst. Flretly, the problem ln retrleval may be due to the

fact that the subJacte must tranelate eymboltcally the atßrlþute

valuee of the carde seleeted" fù rnay be that r¡¡henever eubJects

must rep¡eeent lnEtancEs selested aymbollcal.ly¡ the effect of

avallablllüy of theae lnstanc¡s thus tranEFsrmed 1s lees than

if the actual carda themselves ura¡E retalned. Alternatlvely,

lt rnay he that the storage of lnetaneea ùrElE not eo orderly or

rrrell organLeed as 1n other studleE and lt r¡las thle facto¡

r¡hlch hlndered retrleval, N¡verthe!.eae, lt haa aleeady Þeen

manttoned that several eubJeete lfeted poslttve and negattve

lnstancEe lnto trnn qroups. Msreover, three aubJecta i.n the

present experlnent developed a method of Eto¡lng lnstances

r¡hleh uae clearly ayetematlc' These subJecte d¡eu¡ on thelr



153.

paper a 9 x 9 matrlx slmlla¡ ta the sùlmulue atrrayr and

then proceeded to lndlcate uhEther an inEtance selected fron

the stlmulue array ulaa poel,tlve or negatlve by puttlng a mark

Ln the ctrrrespond1nq cell of the rnatrlx array" If the degree

of orderllnEss of stored lnformatlon ls the prlnclpal facto¡

hlndering retrleval of lnfo¡matlqn about the concaptr then

thl.a mEthod uelng a feqs1mllE array to reprEeEnt etlmull should

Lead to eome lmprovement l.n perfotmancs. Thle should tla the

more so because only ce¡taln apetlal conflguratlqns are posslÞle

for each type of concept for a syeternattcally arranged etlmulus

dleplay, so that lnspectlon of the lnstances etored uslng the

sarne spatlal featutes aE the dlsplay should Enable eubJects

to parcetve moDB readlly the ¡e¡.atLonshlp betueen the attrlbute

values of posltlve and/or negatlve lnetantrEg.

An experlment uaa cqnducted to teet this sEoond acoount

of urhy the provlslsn of pen and paper dld not fEcLlltate concept

ldentlflcatton. In thls experlment aubJeote ulerø provlded

rrrlth pen and paper ruled up ln the form of a I x 9 matrlxn

It uas explatned to tham that they h,ere to regard thls matrlx

aB rc¡preEentlng the stLmulus dleptay ln front of thern and that

uhen an lnetance uaE selected they ahould place a mark ln the

approprlate sell of the mstrlx lndlcating ulhether 1t uas E¡

posltlve trr a negatlve lnptance. Apatt from thls modlflcatlon

the procedu¡e uas ldentlcal to Exparlment f¡ r¡hlch formed the
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control condl.tlon as in the prevlous explrlment. If the

performance of the experlmental group 1s auperlor to ühe control

Ërt¡up, then clearly the orde¡llneas qf the etorage dleplay is

a etgnlflcant factor lnfluenclng the effEct of the avallabtlLty

of past lnstances on concept ldentlflcatlon. If natr then

the flrst alternatlve dlscuEeed above r.,rould eeem to be prlnclpally

affeetlng retrfeval, It should be noted that the form of

storage dleptay recammended ln the experlment to be deecrf.bed

atltl requlres symbollc tranelatlon, ln that lnatansee are

tepreeented here as calle In a matrlx.

ExnErlment Ur The o¡derllneee of thE eto¡aaa dlsnlav as a

factor affectlnq concatrt ldentlfloatl.on

I Methoda a

a. Deslqn and Subjects. - ThE subJecte ulere 52 nalve unde¡-

graduate students from the flrst-year psychology eubJecÈ pooL.

The deetgn uras ldentloal to that used ln Experlment IV.

b. 5t1mu11. - The sama stlmulua dieplay uas used aE ln

Experlment I.
c. Procedure and Instructlon. - These ùJeDe alao exactly the

eame aE tn Experlment f. In addLtlon eubJaots r¡ere Frovlded

r¡lth a pen and a quarto note pad ln t¿hlch each pags ürae d¡aun

up lnto a 9 x I matrix ãrra!/r It r¡as polnted out to tha

subJect that thls €rray could be regarded as a facslmlle of

the otlmulus dtsplay In that each cell ln the mat¡lx corresPtrnded
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to a card 1n thE dlspJ,ay. The eubJeet üraa lnetructed to

Iabel hls facslml.ls mat¡lx and ta lndlcate ln the approprf.ate

ceLI ßyeetr Er $nLn each tlme an Lnstance ues eelscted.

2. Results and OlecuEeion

The reeulta are eummarlzed ln Table 15 tn terma of the

maan and etandard devletlon of the number of Ëard cholees to

sol,utlon for each conceptual ¡ule and problem'

Ualng the deta from Table I ee a control group, m aneLyele

of varlantrB bJaE car¡led out sn thls data traneformed by a

Bguate-root traneformatisn. SLgniflcant effecte uera abtalned

for conçeptual tulae, f (3196) - 19.91r E(.m1, and for

succeeslve problemer E (4r384) - lg.lZr E<.001. Tha only

other slgnlflcant ftndlng uaa the lntelaetlon þetueen rules

and prob!.eme, f, (fZr384) = Z.LLt p(.05r A summa¡y of thLs

analyale may be aeen ln Tab1e 16.

TheaE ¡esultE tndloate that performance has nst been

lmproved Þy ùhe prov!.slon of a etorage dlsplay uftlch ls an

analogue of the stlmulus dlsplay. It r¡ould aPFBar therefore

that the maJor factor preventlng faellltatlon of performance

aa a reeult of the avallabltlty of paet lnetances ln thls and

the prevloue expgrlmgnt and {n LaughlLn (I968b) [a thaù thE

lnetancee have had to be recoded uslng a eet of symbols to

repreaent att¡lbute values r¡hlch are dlffetEnt f¡om thsse ln

the stlmulue dlsplay.
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Concaptual RuIe

DonJunctlon

Inel,uelve
DlsJunctfon

Eondltional

BfcondltIonaI

Betureen eubJecüo

RuIee

Mamoly ald
Rulea X Memory AId
SubJecte urtthln grtrupe

kllthln eubJects

Froblems

Problema X Rules

Probleme X Memory al"d

ProbtEme X Rules X

Memory ald
ProblEms X SubJects

r¡i.thln groupe

5.L
I.B

8.8
2.8

10.5
5.3

I3.g
If.l

TAEI-E 15, Number of card chofces to solutlon r¡hen pen and

mat¡tx Fapes Bre Froulded.

8ource of va¡latlon P

.f¡01

N ¡S.
ru.8.

.001

"05
N.5.

5.2
2.2

l, J.l
5.4

1.9.3

L2.3

I8. f+

L6.?

5.1
2.O

L2.E
Rcl

1.4.9

9.4

¡.0.9
5.5

4,8
2'6

¡.4.9

9.7

L5.2
6.6

18.L
L2..L

Hean

S.Ð.

Mean

5.0.

Mean

S.D .

Mean

S.D.

9.0
5.4

23.8

1.0,5

zf¡.0

7.0

17.3
L2.5

5432,I
Psablem

l.g.gl
t
T

19,12

2.11

I

I

81.14

2.62
3.52
4.87

L6.57

l.8J
9.77

[¡.87

9.51+

4I6
4

lz
t+

384

L2

t
I
3

96

10,6,+7.?4

2¿+3.4I

2.62
r0.57

391.14

4ï¡.52
66.26

2L.92
3.O7

332.74

6.53

FH.S.D.F.S.5.

TABLE 16. Summary of analysls of vatlanee.

N.5.
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0f couree, !.t hae ettu not been Ehou¡n that the fallure

to obtaln eny facllttattng effect le not dua t'o the uEe of a

focuaslng strategy 1n thaEe experlmants¡ the task condltlone

Ln theae expellmenta havE been guch aa to maxlmlze the use of

focuselng, and lt haE been argued that momory af,ds have Llttle

trr no effect on perfotrmance uhen euÞJects are utllizlng thle

type of atrategy. A teat of thte hypotheels could àe made

by arrangtng the taek condltl.ane Bo aa to Increase the l.lkellhood

of scannlng etrategles lnetead of focusslng. Thus, the etf'muluÉ

dleplay could be randomly arranged, hypothases uequlred on each

trl.al,, and the fnltla). paaltlve lnstantre ellmlnated or replaced

by an inlttal hypothaela. unde¡ thEee condttlone control and

experimental groups c6uld be compared In the same uay as ln

Experlment IU.

The flndlng of no algnlficant lnte¡actlan bett¡een memo¡y

ald and ¡ules 1n thls experlment and ln Experlrnent IU fails to

conflrrn the reault reported by Denny (1969a, I969b), but ls ln

agresment utth Laughlln (lUGAf, 1969b). Several reasons may

be offe¡ed to aecount fo¡ thlE dlserBpancv. Ftratly, the

fallu¡e to flnd a slgnf.flcant RuLa X Hernory ald lnteractlon

may be due to the factore already referred to above In accountlng

fer the lack of lmprovement ln performancE u¡1th pen and paPer.

In additlon, lt may be noted that Denny employed a leceptlon

procedure uhereae the present experlmente and those of Lauqhlin
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hEvq utlllzed the eel,sctton paradlgm. The aElectlsn prooedure

uaE alae uaed by Eaunne et al. (tggg) rerho reportad a atatlstteally
marElnel RuLE x Avallablltty lnteraetlon, g(.18. Thaec ünrkere

consldered fou¡ lev¡la sf eval¡,abtltty - norla¡ all posttlve¡

ell negatlva, snd all lnsüanca! r 8E that thelr lnteractlon

effect may uall be due to the type of lnetanees avallabler

It should alas bE noüed that DEnnyfa raEulta peetalned ontry

to afflrnatlont rneluaive diaJunctlbn, end exelus!,v¡ dleJunctlon

for reeognltlan-m¡Bory er8o8, uhlte the attenuatlsn ln thE

dlfferencse betugEn ¡ul,ea uaa d¡mon¡trated only for the raEt

tuo of theea ¡ule¡ mentloned. The generallty af hfE ftndtng

for othe¡ ¡ulee may therefiors aL,ss be Ln queail,onr, Furthe¡

t¡¡o¡k !.c naesêacry to account fo¡ Dennyls fl.ndlnga.
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EHAPTER 5

HYPOTHE5Is TESTINE

ldithln concept atÈalnmsnt tuo maJor typea of processes

may be dlatlngulshad - ÉDßFonent-centred proeaseea and concept-

cent¡Ed procegaee (Elfsrmannr 1965þ). In the prgvloue chapter

moat of the dieeuael.on b,aÊ concernEd tllth Componant-Centred or

focuaa!.ng apprtratrhEg. Thls ¡¡aa mainly becauee thE condltt ons

of the taeks examlned ùrere su6h es to eLlclt tn rnost caaee thls

type of strategy. Equally taak condltlone may be mani.pulated

to glve rlee ts pradomlnantly concept-centrEd or ecannlng

etrategles. For example, Bruner¡ Goodroul, and Auetln (1956)

have euggeated that scannlng ls mo¡e evldent r¡ûren the atlmulus

a¡rav ls randomly ar¡anged. Alao, in the prevfoue ehapter, lt

urae suggtsGted that focuealng Ia leEE trommon urhen nn tnltlal
poaftive lnstance is preaented. These modlflcatlons to the

pracedure uere empì.oyed In some sf the experlmenta to be deacrtbed

In ùhle chapter ln an atùempt to LEa¡n msre about contrBPt-

centrEd behavlour, For euch behavlour tbro aspectg may be

dlscerned¡ (tr) thE eempllng of hypotheeee, and (2) the evaluation

of each hypothesle sampled.

A. Hvnoùheels 6amollnq

PrEeEnt lntereEt Xn the Eelectlon of hypotheees Eomes f¡Brn

a model, orlglnally propoaed by ReatIE (1962). In thle model

it 1s aeaumed that aach problem daflnes a pr¡pulatlsn of hypothesee
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for the aubJect. The eubJect samples one of these hypotheses

at ¡andom and then makEa hle responae by predtctlng on the

baEls of thta hypotheol.s r¡hEthBD a partlcular fnetance i,a pasltlve

ol negatlva. If hle pgaptnge le oorrect he contlnues to iree the

hypotheele on the next t¡lall 1f hle rerponee 1e lnco¡rectt

then he ¡eturne the hypotheele to the pool of hypothaaeE and

randomly reeamplee.

Levtne (1969) hes polntEd out that Restlefs modal may be

dtvlded lnto tt¿o parte¡ (I) an aeee¡tlon about hou hypotheaee

are Éampled and that the hypotheale determlnes the cholce rBBFEnsEf

and (2) atetements about the effects of feedback upon retalnf.ng

and reJaottng hypotheees. Xt la posatble to aubecrlbe to the

ftlst, otr as Levlne celle ltr baelc part of Restlers theoryt

r¡lthout necessaally aubecrlblng to the sEcond,part on tha effecte

sf feedback. A eurvey of experlmentel etudlas uhloh have

examlned the varlous aaeumptlons made by Reetle lndlcatee that

most of them have conoerned thumsElvea u,lth the second part of

the theoly. Thle la not to eay that some Ef the aasumptlons

in the ff.¡et part cannot ba challenged or ale bcyond queatlon.

In the dlscuaalon to follou¡ an attempt r¡1ll be madp to ravleu

thoee etudlEs rthlch have Examlned Reatlets asBumptlone.

Examlnatfon of aEEumptlonE ln ReetlefE modsl

Random sampllnqt a

Studlee l.n a number of BDBE¡B of peychology have consi.dercd
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the questlon of the neffectlve etlmuluan and these suqgest

that, Ln many experlmental sltuätlonsr the subJect does not

reapond to all trtrmponentE of the stlmulue sLtuatlon (hlntacht

I9?0). RelatlnE thls to the aampll,ng of hypotheees, lt t¡ould

sBEm llkety that the set of hypotheees from r¡hlch the eubJeet

ie sampllng le actually a auþeet of the total numbsr poealbl'e'

Mo¡eove¡, lt la l!.ket y that thls subeet ls not mBrely a landom

llst cf hypotheeea, but ¡athBl a gtoup Df hypotheaas hevlng

cettaln character!"stlce ln common¡ for exarnple, they aII may

lnvolve the eamE stlmul.ue dlmens!.on. ülhlch etlmulus dlmenslon

ls tnvolved may depend on the sallence or attentfon value of

the dlfferent stlmulus dlmensl0ne. TrabaEeo and BOLTET (1968)

have dlscussed the effecte of trelghtlng sttmull accordf.ng to

thelr attEntl¡n value on the lÍkellhaod sf aampllng dlfferent

hypothesea. Houlever, Even ¡,Jhen the attantlon valuee of the

Vatltrus dlmenelons arB the same, a subeet of hypothases le lfkely

to be used t¡Jlth certain featurea ln eornmon.

For the flrst tri,al of a problem¡ ntrnBthBlessr tc the

experlmenter tha a prlorl probabltlty that any pa¡.tlcular.

hypothesis ls eampled ls the samE a8 for any othe¡ hypothesle,

unlEBB he hae lnformatlOn on the slza and neture of the subset

befsrehand. Hou¡eve¡, uhen the probabtllty of neu hypothesea

belng rampled on eubaequent trlals 1a coneldered, a better than

chanse predlctltrn shtruld be able to be made on the hypothesla
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EBlBCtBd. Accordlng to Reetla¡e model' hypotheËes atre eeleoted

from thE po61 at random, Eo that tha chotce of an hypotheslE on

a partloular t¡flal le lndependent of prevloua cholcea. The

eoncept of eampllng proposed hete, houaver, suggestø that

hypotheals eempllng le not ¡andom and that successlve hypothaeae

may ueII pBSEsBs featu¡eE ln eorrnon.

xndeed, Bny suggeetlon of ¡andEm aal,ectlon muEt surely bet

et beat, an apPloxlmatLon ln vieu of conelderable evldence that

sUbJEetE seldom prodUoe a random sequense of eventE end that

conaletent blases occur eVBn uhen eubJeeùa are lnatructed to

be random (GhaFanler. !.953¡ Ture, 1964¡ trlelaa, 1964¡ Baddeley,

1966). f,loreover, the sxtent ts brhtch a aerl"ea of aelEctlons le

rroñ-DêFdsm has been found ta be a functlon of eush varlablea as

the numbsr of ltema from r¡hlch Eelectlgna are made, the apeed

et bihlsh eElectlona ale mader and the age of the peraon maklng

the eelectisns.

A pllot etudy by ùhe present r¡¡lte¡ t n r¡hlch eubJects

uete aet the taak of idsnttfylng conJunctlve cencepte ualng a

aelectlon procedure uhe¡e they usae ¡Bgutred to state thel¡

hypotheelE after aach trlal, sgems to eupport the auggeatlon

that sampltng IE not landom. fnepectlon of auÞJect protoeala

S.nd1cated that, for Eelae eubJaats at leaetr h,hen a neür hypotheels

uas FDoposed. It frequantly had some characterlsttc l.n common

r¡Lth the pravloua hypotheslE testEd. lften the nau hypothesls
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dlffered from the prevlouo hypotheals by onl,y one attrlbute

vaLug. Thue, fo¡ one eubJeot Er p¡optrttlon of 0.6 of all

succeaelve hypoth""15-palrs ehauad a dlfferentre ln only ona

attrlbute va}ue. The probabtllty Bf th18 event occurrl'ng

5.f hypothesets are randomly EeLetrtod frgî thE total untve¡se

of conJunctf.ve hypotheeee po581ble tn thls expelf.ment lE 0.1.

Ineufflclent subJecta ura¡B U6ad to rellably demonEt¡ate that

the sslectlon qf an hypotheete tn thIE taEk u¡aE not lndePend@nt

of prevloue hypathases, but the rEeuLts tentatlvely suggeat

that REetlers random sarnpllng aseumptton doEE not hoLd for

some EubJecte on c.onJunotlve eoncept tdentlflcatlsn. Slmllar

BuggB8tlon8 hEvB boen made by Buy, Van Flent, and Bourne (1966)

for alngle-cuB hypothesle eampllng and Deffenbaches (1970) for

eonJunctlve hypotheels sampllng. 0n the other hand¡ evldence

eupport!.ng a random aampllng aasumptlon haa been recently

provided for oonJunctlve trBntrEPt ldenttftcatf.on by Nahlnsky

and Slaymaker (f969), and Nahlneky, Penrod, and Slaymaker (1970).

Lovlne (1966, 1969) hae Examlned the aagur¡Ftlon that the

hypotheate determlnee the eholcB ¡gaPonee nade on each trlalt

by meane of a technlque developed for lnfe¡¡lng the Pqrtleular

hypothesls held by the euhJect f¡om hla r.esponeee to e serlas

of congecutlve trlale (ËblÉnkÛ trlala) on r¡hlch no faedback ls

glven (Levlne, 1963). A descrlptfon of the method of tnference



FIGURE 3. Etght patterne of choteea Eorrsapondlng to

aach of the elght hypotheaea for a Eet of

four stlmull (from Leulner 1966).
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u8sd l.e aFproprlatB.

tonside¡ a subJect glven the task ef ldenttfylng the

relevant attrlbute value from a etlmulus unlverae havlng four

atùrlbutea ulth trr¡o vaLues pBD attrLbuÈe. At the outeet of

a trlal tlre subJect aelecte an hypotheels from a eet of hypothegee

t¡h1ch le deflned by the atlmulue dlsplayr that lar a eet ef

elght hypotheaes. Xf no feedback le glven to the subJect on

hle cholce on thls ÈrleI, thEn It iE aaeumed that the hypothesle

ls retalned for ùhE next trlaJ.. Evidencs to eupport thfe

aseumptlon hae been provlded by Leviner LettenÞerg, and Ríchter

(lS6tr¡ r¡ho shor¡ed that no feEdback haa thE eame pffect on

¡Bsponae probablll.tlea as posltlve feedbaEk. For a atlmuluE

unlveree euch aE coneldErad hera, lt lE poaetble to present

four conEecutlve et1mull to ufrlch the cholce respsnae patterna

ylelded by each of the eight hypotheses Ie unlque. An lllustratlon

dieplaytng the elght hypotheeee flo¡ a Eet of stlmulf. llkE thls

and ueed by LevfnE (1966) ls ehoùrn ln Flgure J. Noutr lf theee

four atlmull or anothe¡ aet of four Etlmull poeeesolng the

BBnE preparty are preBented to the eubJect utthout feedbackt

then the parttcuJ.ar hypotheele belng utlltzed by the eubJect

may be lnferred from the pattern of eholce Deeponaee produced.

Thue, Levlners technlque lnvolves a sequence of t¡lals Ln uhlch

eaeh feedback trlal le eeparated by fou¡ blank t¡lals.
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Uarng thle technlque¡ Levlne (1966) uas able to lnfer the

hypotheele eampled on 92.49á of thE four trlal eets. F¡om the

inferred hypothesf.s, thE cholce responsÊ, on the nExt fEedback

t¡lal urae predlcted and Levlna f,ound that thts predlctlon uae

correct an 9?.5% of the feedback t¡lals fallou¡lng blank trlals

r¡here hypotheaee could be lnfe¡red. It seeme trleat that on

the maJorlty af occaslonE the oubJectte behavlqul Ectroldlng

to thls method of inferønce uas ayetematlcr t¡lÈh the r'esFtrnse

made on a partlcular trtal dependl"ng on the hypothesls under

test. Nonethelesen 1t r,¡aa not PoselþIE to dete¡mine tha

hypotheets fo¡ 7.696 of the four trlal aets, r¡hlle the predlcted

xesponae ur€s Inporrect 2r5|l af the tlmE. ThLa reeuLt may bE

att¡fþuted elther to the aubJect changlng hls hypothesfs

follor¡Inq a bLank trlal (uhlch le a vlalatlon of the blank-

trlala assumptlsn) or to thE eubJect iaecidentallyt meklng

the rrlrong cholce rBBponEB aceordlng to hle hypotheala. Levlne

hae euggeatarl that tt r¡¡as the latter and ¡eferred to tlrla ast an

troopa-emotn. The probablllty of an oBpB-EFr'D¡. on Eny trlal

for Levinere (1966) data rolaE .O2. A slmllar prohablllty haa

been obtalned by LevlnB (tgbg) uelnE Bn elght-dlmenelonal

problEm, although lt uae apparent thaù the probablllty of an

Bops*EtÍor dec¡eaeed durlng a prablern. It uould appear' than

that ReEtlers eaeumptlon that tha hypotheeLs dete¡mlnes the

cholce responee le true for alL excepü a vexy amalL propoltlon
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of trfale fa¡ r¡hlch e small ca¡¡Ectlon ùerm can be esttmated.

The htgh degree of consletency ln Levlnere ¡esulÈs f'e

important not only to Restl.afe theory but aLes ts hlE oun

method of lnfe¡rtng hypotheses elnee It le cruclal to thte

method that the hypothesla hel.d by the euhJect should determtne

his response. hlhere oúFs-etrore do trccut durlng blenk trlelet
tr,to coneeguenoee can happenr elther a seøpanse pattern r¡111

be fo¡med f¡um uhlch a dlffe¡Ent hypotheals ls lnfe¡red f¡orn

the nna cu¡rently held ot a ¡EeponÐe pattern r¡¡1ll be forrned

frem r¡hlch no hypotheate can þe tnferred, Tha probabllltles

af eaoh of thsse oeËurtEnoee f-s úntre agaln ema1l. and able to

be eEtlmated. Further evldence favourLng the hlank-trials

aaeurnptfon and Levlnere technlque for lnferrlng hypotheeee

has been provided by Frankel, Levlne, and l{ampf (197f¡). They

presentecl eubJeets ulth probleme ln each of r¡htch uas¡ a Eerlee

of 30 coneacutlve bl,ank triala. It urae found thet aubJects

reaponded ln a manner eoneletent ¡¡1th only oné atlmulus value

on 25 or mtrEe blank trla!.s for 80% of the probleme.

Jo Leasnlnq Eurve

Accordlng to Reetle, the aubJact may narnple elther lnco¡rect

hypothesee ot the correct hypotheefe. Xf an Lncorrect hypothesle

la eampled, then the probablllty that a correct response Le

made ie 0,5 fn a tuo-category taek. If the correct hypothesla

ls eamplad, then no furthEr B¡rot DesponFBE otrsur. The theory



L67.

thue Impll.es an all-or-none p¡ocesa u,htch glvea rlae to a

Iearning trurve euch that prlor to the last Brrsr the probablllty

of a correct responee le statlonary at 0.5, Thls lmpllcatlon

differe f¡om the lncremental assumptlon of earller eondltf.anlng

theo¡les of concept ldenttftcEtf.on (Bourne and Restle, 1959)'

r¡hlch pradlcted that the probabtllüy of a couect reepsnse

lncreaseE untll the flnal error Is raade.

For reaponae probabllltlea, evldence aupportlng the all-or-

none assumptlon hBs been found by Êor.ler and Trabasao (L96lr 1961+)t

Erlckeon, ZaJkouskl, and Ehmann (1966)r and Guy et al. (1966).

Levlne, Mtller and StElnmeyBt (1967)f Levlne, Yodar¡ Klelnhergt

and Roeenbe¡g (1,968)r and LevlnE (1969) have also confirmed

the all-or-riohe nature of the learnlng cu?ver but unllke the

other studles thelr reeults lndleatEd a probabfltty of a correct

responee r¡rhloh uas algnlf!.eantly bal.orrl 0.5 prlo¡ to eolutl.on.

Levine and hls co-u¡orke¡s have arguÉd that thla lmpalrmant ln

presolutlon pe¡fúrmance 1s compatlble urith hypothesls-sampllng

theory, and ls att¡tþutaþle to the lnternally orthogonal stlmulue

BequBncEB employed (1.e, nD stlmulus dlmenelon ùJaE correlated

rrrlth any othe¡ dimenslon for tuo or three trlaLe). Accordlng

to Levlne, earlLer etudles dld not obtain a slml¡.ar lmpalrmpnt

þecause they used randoml.zEd Etlmulue aequentree ln u¡hlch lr¡elevant

dlmenelona ùrete cor¡elated u¡Ith the relevant dlmenelon for DUna

of varylng length, Thue, the llkell,hood that a subJect holdlng
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an lncrrrÊct hypstheste may pluduee cüxreet reepunsea fnr

several coneecutlve trlale ls lnsreased for these aequenÉss

compared uLth the orthogorral stlmulus eequÉnÉes ueed by Levlne"

A detai"led expJ,anation may þs found ln Levlne et aI. (t"968).

Latency date caets a dlfferent llqht on the all-or-ntrne

vereus lncremental process cont¡overey to the chslce data.

An experlment by Erickeon et aI. (1966) eho¡ued that not only

ds latencies decllne durlng the presolutfon perlod, but also

durlng the crlte¡len run folLorrrlnE the laet Error r¡hen the

subJect la suppoeed to be holdfng only ühe cor¡ect hypcthesle.

A elmllar result hae been cbtalned by Falmagne (L97G). It
appeara therefore that although chofee reÉponees ehou a audden

change ln etrength, latenel.es shoüJ a greduol decreaee eE mlght

be expected fo¡ a contlnuous condltlonlng Ðr lncremental process.

Tu¡o attempts have been made ts account fo¡ this cnnfllatlng

evidence. Trabaeso and Bot¡¡er (1968) propoËB thet qn eanh trlal
the subJect attenCs to a subeet of the poeelble hypotheees

(called the foous sample), lnstead of only one hypetheEls.

The reeponse probabllltlee depend only on the hypotheses ln

the focus, and anly these hypothesee ere affæcted by the sutË¡me

of the t¡LaI. An er¡oneous raaptrnse lnltlatea rE sampllng of

a neur focue Éf flxed eize N. flfter a correot reeponse, the

hypotheses uftloh ere lneompatfbl.e ulth thEt reeponsB are ellmlnated

f¡om the facus, r,¡l,thout replacement, 1.8. lnformatlon processlng
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doee take pJ,ace aloter Ë tromect response. ThE slze of the

focus thua deerÉEaes On tfie BVer'EgE durlng a seguenoe of correct

responsaa. 0n the aseumptlon thet latency le a functlon ef the

number of hypothEses ln the foeua¡ Trabasso and Boular conoluded

that latancy urould decreaee ovsr the flrrt fe¡'¡ trlale qf a

crlterlon run. It ls apparent that the modlfloatlon made to

the orlgtnal theosy requlree the eubJect to process esnetderabJ.y

no¡e tnfornatl,on on any trlal. Dlscuselon on the meana by uhlch

eubJects may evaLuate hypstheses r¡1ll be lntroduced later In thle

chapter. For the preaent, houevel, lt can be suggeeted thatt

tuhlle auch lnfo¡matlon proceselng requlrernente may be feaelble

for atmpla tronceptE and a small stlmulus unive¡ser doubüe nust

be axpreeeed about ltE uBB on more complex problemel Bolfrr t^lhen

suÞJecta ÉDB aequlred to solve several concept fdentlflcatlon

problema ooncurrently. It ta not cleEr therefore ho¡r¡ Trabasso

and Bquer r¡nuld atrtrount fo¡ E¡fckeqn and ZaJkotusklte (1967) flndrng

of a doeltna ln tatEnclee ln the postcrlte¡lon perlod for

conourrenü conoept ldentlfleatf.on¡

Falrnagne (t97t¡) hae propoaEd an altE¡nattve ascqunt ln

r¡hlch an lncremental ptoceÉB le poelted, In her model every

hypotheela ls assumed to haue aseocr.ated r¡lth 1t a trsÈrengthfl

or subJective plauslblllty r,rhlch 1s modlfLed by the feedback

provlded on each ùrlal. A Etmll.al obJectton may bE ralsed

to Falnragne ats to T¡aþaeeo and 8ooel, that the amount sf
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lnfo¡matlon protrÊselnq demanded by her aesumptlon ls not

feasible except for very simple problems. The dllemma facing

theee tus modele ls the coneequentre of thelr conceptlon of the

prtrcese of evaluatlon of hypothesea as a ptoceea of acoeptlng

one hypotheels by reJecting others. An alternatlve method

of teatlng an hypotheale r¡1ll ba propoaed later uhl"ch resolvee

thls dXlemma.

4. Effect of feedback

E. Poaltlve feedback

The aesumptLon that hypothesee are changed only after

Error responsee hae recelved attention in seve¡al studles, and

unequlvocal evldence has Þeen obtained that subJects sometimes

do change thefr hypothesee after co¡rect responsea, although estimates

of the probablllty that a subJect urlll revlse his hypotheeia

afte¡ a correct reaponse valy. The range of the eetlmates

appears to be a functlen of the type of procedure employed.

Dodd and Bourne (1969) have esttmated the probabtLity

value, eI, to be .03 ln an Bxperiment ln uhlch aubJectsr

xeÉponeea to stimult varylng on flve blnary dlmenelons urere

randomly relnforced. Theee authors aleo re-analysed data

coLlected by Trabaaso and Bor¡rer (f966) uelng a procedure lnvolvlng

multiple shlfte In the relevance of tr¡o stlmulue dlmenslona

r¡j.thln a set of flve binary etlmuluE dlmenelons durlng the

EoutrBB of learn1ng. The value of F" ln thls experlment t.¡as
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estlmated to be approxfmately .2L. The dlfferentra oþtalned

betueen the tuo eetlmatee led Dodd and Bourne to suggeet that

EI *", n6t be eOnatant acloaa Bonaacutlvely cor¡ect reeponseÉ¡'

6uppea and Schlag-Rey (J,965) found that thE pnoportlon

olr correct trtals on ùrhich the hypotheels uaa changed uae 0.20

uslng a strlng of three lettere, each lettEr belng elther D or

l{, as etlmulL, br¡t ulhen the stlmull conelsted of strlnge of

1, 7.) 3) 4t and 5lettera, the propo¡tlon ¡gas much hlghert

ranglng bEtueen 8.48 and 0.6?" Suppes and 6ehlag-Rey suggest

that the hlgh val.ues of P, obtatned ln thel¡ experl.mente may

þe accounted for by the fact that eubJects h,sre constantly

lnformed of all paet relnforcemente.

Levlne haa aleo found that subJeete changø thelr hypothesls

after a trDrretrt reaponse, but the probablLlty est5.mated tn hls

Etudlee is mueh louer, of the older of .tl5 (Levlner 1966) for

a four-dl'menelonal problem Etr .06 (Levlnsr L969) fo¡ an alght-

dimenalonal problem. Dodd and Bourne (1969) have euggested

that tha loul value of F." may be due to the hleh degrea to uhich

the ploblenr and the reeponeea qf the eubJeat ugrs structured

by pretralntng. If eo, thls hae a bearlng not only sn Reetlefe

assumptlon about the effects of posltlve fEadbackr but alao

Levinere blank-trfala aesumptlon ln uhlch no feedback le eupposed

ta have the same effect ae poaltlva feedback, an aeaumptlon uhlch

fo¡me the baete of hla technlque fql lnfer¡tng hypotheses. It
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should be noted that tt ls eometimee posElble on LEvlnere

procedur.e to Infer Ën hypothesls from a Eequence of lBePonBEE

on blank trlale, even though the subJect ls reaponding randomly.

QbvlousLy furthel uork la needed to ehou eyetematLcally

hot¡ P- le affectad Þy Var.latlon Ln the taek procedurÉ ueed..¡-r

nt ani rate, lt eeeme that Reatlers assumptlon that an hypothesis

Ie not changed after a co¡¡ect responee haa baEn made ie nOt

etrlctly correct. l¡lhere Eg t" only very amalJ.; changes ln

tha hypotheala may be acosunted fo¡ ln a slr¡fla¡ faehlon to

Levtneia notlon of oope-Br¡o¡e. For larger valuee of %r
houavsr, 1t seeme thaü perhapo the eubJect may be Elmultaneously

sampllng a subeet of hypotheEee strme of r.¡hlch are equlvalent and

lnterchangeable fsllsr¿lng Ê coarect sespl¡nËe.

b. Neuatlve feedbaek

A feu¡ studles have also Examlned the anal.ogoua probablllty

that the hypotheels ùrlll remaln unchanged uhen €n sxlol rBsponae

has been made. Uslng the method of i.nfer¡lng the eubJectte

hypotheets through hls reeponsgE to a eerlea of bLank trtels¡

Levlna (1966) has abtalned 6n ovErall prohablllty that thE

hypotheeia ls unchanged after an lncorragü lesponsg of .02

fsr a four-dlmEneional FlobLBm. The fact that the hypothests

ls unchenqed after an Elro¡ need nst caueB ãny emba¡raeEmEnt to

Restlete theory slnoe he poatulatee that the old hypothEsle is

¡eturned to ühe pool of hypatheees bafo¡B reaampllng takes place.
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Thusr the probabillty that the responee should be unohanged

1n thl.s oBEB aecordlng to Restla la .L25. It can be seen

that the mgan probablllty obtalned by Levine (lggg) lE less

than that theoretlcally expeeted, ouggestlng that Restlere

replacement assumptton Ie not cETretrt. Levlne furthE¡ demonstratld

that lf negatlve feedback ls admlnletared after both the flrst
and second responses, the thl¡d hypotheEls tendE to be dlfferent

not only from the second hypothesle, but alao the flrst hypothesis

ae l¡Jell.

Levlne (1969) repllcated ùhle reault uefng en elght-dlmenelonal

problem. In thls expertment for a repl.acement aasurnptlon the

theoretlcal probablLlty that an hypoüheele r¡1ll þa sel,acted again

after an error ls.0625, but the probabiltty obtalned by Levine

uae.0L on the ft¡et trlal, and even after flve tntervanlng

feedback t¡lals and 28 bl,ank trlale tha probablllty r¡ae belour

.03. It uould appear then that Reetlera assumptlon concernlng

the effect of an Errot lE fncorrect, thet replacement doee not

octrur bEfore reaampllng.

5. Retentton of lnfo¡matton

In addttlon to thE u¡ork of Levlne reportEd above. oeveral,

other EtudLea have aleo ralsed queatlone about tha valtdf.ty of

the sampllng-¡¡X¡h-¡BPlacEment aaaumpÙton. Lev1ne (1962) End

Holeteln and Fremack (1965) Ehar¡ed that a þlock of random

¡elnforcement trlala follor¡led by conotatent ralnforcament

produced a decrement ln the eolutlon of problems Xnvolvtng
tr¡o-dímenelonal and slx-dlmensional atlmull. Trabaeeo and
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Bouer (f966) found that shtfte ln the relevance of tt¡,lo dlmenslone

prior to eolutlon ¡etarded learnlng. Theee findlngs suggeat

that subJecte do retain eamethlng of thelr paet reinfo¡cement

hletory r¡hlch Is contrary to the ldea that there is ntr rnelnory

of paet Informatlon lmplled by eampllng-ulth-replacement.

Trabaaso and Bor'res (196tb) and Bou¡nE and 0f Banlon (f969) have

alsn demonatrated some retantlon of lnformatlonr allbett small¡

durlng concapt ldentlftcatlon. Recall of etlmu'Ll and the

asEoclated feedback uaE best for the flrst lnetanca (prlmacy

effect) and the laet lnstance (recency effect) preeented.

A revieu sf other studlee ufilch heve lndlcated an lmportant

¡ole of memory [n eoncept tdentLflcaülon may þe found ln

Domlnor¡Ekl (1.965). E¡lckeon and ZaJkouekl (J967, compared

subJeetsr performance ù¡hEn thrEe concepte ulere ldentLfled

concurrBntly rrrlth perfortnance hJhEn these EEmE tronoepte ulere

Iearnad succeeElvely, From thElr reeults, Erlckeon and

ZaJkorrrekl concluded that ths concurrent procedure led to

lnterferance ln the aho¡t-tErm storage of hypothseEs trled

but dlsconfl¡med, auch that data obtal,ned uelng thls procedure

conformed more cloaaly uf.th the predictlone of a sampllng-ulüh-

replacement aeEurnptlon.

If the aampllng-ulth-repJ.acement aseumptlon Ls to be

¡evleed Eo aÉ to take lnto account the retEntlon of lnformatlont

the¡e Ere at leaet tuo uraya to procead. One approach le to
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suppose that the eubJect rernembers EomB prevtous lnetancEs

entrountBred. An alternatlve apF¡Ðach ls to eupPoEB that ha

temembera atme hypoùheees that he has teeted and dlaconflrmed.

Uslng the fo¡mer EFFroaEhr It may be aeaumed that the

subJect samples only tho6É hyptrühesEa ¡¡hlch are trEnnlstant

r¡ith the Laot lnatancE ennsuntered. Thle has been referrEd

to as a Local-coneletency as6umptlon (Bragg and Elmon, 196?)'

Equally, Lt may Þe poetulated that the hypothesls eampl,ed Ls

oonsletent u¡lth the laEt tr¡P lnEtange Presanted - referred tO

by ErLckaon (1968) aa local canglstgncy plua melnary fsr one

stlmulus back, It ean be leadlly eeen that these assumpttona

concernfng memo¡.y for paat stlmull may tn fact be extended

untll thE neu hypotheeLs seleeted ls conalstent ulth all the

lnetancas ulhlch have been presented to hlm (global coneLstencv).

Uelng the lattel apprÞatrhr lt may he aesumed that {¡he

EubJBct eamples from el.l hypotheses exDBFt the ona hBld on the

IaEt trlal. Thls hae been raferred to aa a local-ntrnxBplElcemant

asaumptlon (Gregg and Slmon, L96?). In tha seme b,ãy ae ùraÉ

ehobJn r¡¡1th the lscal-constettsncy aseumptlon and mBIîorV fon past

stlmult, the locEl-nonreplaeement aeaumptlon Gan be extended

to allorrl for mo¡e than sne hypotheela. Thuc a tuo-hypotheels

memory aeeumptlon brould poatulate that the ner'¡ hypothesls

sampled lE d¡ar^¡n from the PBtrI of all hypothesea except the

laat turo hypothesee tested.
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A comþlnatlon of the tr^ro øppeoaches ls also poaslble.

From these esaumptlone, guantLtatfve pradlctlsns mey be derlved

fo¡ the probabfllty of a tluæ hypothests over a serl.es of

trlal,a and thase predlctions can be compared trith emplrlcal,

evldence to sae uhlch oF the easumptions provldes the best

flt, Fo¡ stLmuLi. havlng four bLnary dlmenalons, Eriekson

(1968) obeerved thatlocal-cnnsietency models flt the data

falrly r'rell, t¡1th the beet fft by ùhe local-conalstencV-r¡lth-

trlo-hypothesl s-memory aBÊumptlon.

LevXne (196?) has euggeeted a technlque for eatlmatlng

the elza of the hypotheafs pool for any glven triaL. Essentlally

thle estLmate ls de¡lved from the reciprocal of the proportlon

of aubJeefe atartÌng the c¡iterfon run at thaù trl.al. Uslng

thle techntque on data colLected by LevLne et aI. (1967) far

a four-dlmenelanal problem, the eize of the hypothesls set bras

found to decraase for the flrst th¡ee trfals to about three

hypotheaes, thereaftar oselllatlng around th¡ee on sutrtrBedlng

trLale, This reeult can be compared rrlfth the prerllctisne

made by the varlous memoty aesumptlone. Once agaln¡ E LEcaJ.-

eonelstEncy-ulth-tuo-hypothesle-memory aeeumptlon aeeme to I'f.t
the data falrly Hell. fln thls aeaumptlon, the number of

hypethesea i.n the eet r¡suld be I and f+ on the flrst trrro trlals,
and atther 4 or 3 on the eucceeding trlele" AIso provldlng

a raaaf¡nable fi.t 1s a local-ctrnslstency-r,¡lth-memot!/-fs¡-6¡9-
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etfmulus-þack assumptlonr tln thls asaumptlon, the nunbEr

of hypotheEea in the set unuld be I Énd 4 on the flret tuo

trials, u¡lth a mean of ?.25 on the eucceedlng t¡lals.

Levf.ne (1969) hae eetf,mated the elze of the hypothesls

eet fqr an elght-dlmenElonal proþlam, Ha found that tha

number of hypothesee dee¡eaaed fo¡ the flrst three frlals to

stlghtly more than flve hypotheses. 0n later tr!.als the

number of hypothEses appeared ts reach an aeymptote at about

thls level and then to lncrEaEe ellghtly. Thls laat obeervatlon

can aleo þe aeen In Levi.nera (1.967) eattmate although to a

lesEer extent. Cornparisone r¡¡lth the vartoue memo¡y assumPtlona

thle tf.me ¡evealE that the beet flt te provlderl by a local-

ctrnB I s tentr!-r¡i l6dnemory- fOt-ona-s ti.mUlus-b ack ass ump t lon.

For thle aaeumptlon the numþe¡ of hypothEees ln the Eet Le

16 and I on the fl¡at trso trIals ulth a mean Bf 5.1 hvpotheaes

on Eutrceedl.ng trlale.
Eloee¡ examlnatlon of the eubJectrs hypotheeear houevern

lndlcates that the propo¡tlon of hypotheses constatent wlth

the lnformatlon from the lmmedlately precedl,ng feedback trial

fs nevet equal to 1.0¡ and indeed decreasea over tel'alst

suggeetlng an lntraptoblÊm proactlve lnterference affect.

If the proportton of hypotheaee conEtetent ulth each of the

precedinq feedhack trtala ls plotted for each trlalr lt ls

evldent that the aubJectre hypothesle lE never perfeotly consistent
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r,rlth eny trlal, but greatest conelatency le apparent for thE

flrst trlal f.n the se¡iEs (f,.É-¡ prlmacy effEct) and the trlal'

ímmedlately prlor to the hypotheals (1.e.r lecency effect).

Thf.s ¡neult te rem¡.nl,Etrent sf the flndlng of TrabaEso and Bsuer

(I96t b) and BournE and OrBanlnn (f969) of prlmacy and retrensy

effeete ln the lmmadlate recall cf the etlmull and thet¡

aesoclated feedþack ln concept tdEnttflcatlon. It therefore

appeara that a mr¡te llkely memorv aeeumptlon la Iscal, consletency

r,¡lth memory ftrr thE flret etlmulus Freeented, al.though lt should

Þe emphaaized that even thte aaeumptlon ls at beat an appsoxlmatlon

only elnee perfect eonsLetency ls not found urlth any trlal.

Extenslon ts multidl.menElsnal csnoepùs

Thus fE¡, dlecusaton of the aEaumptlona underlylng hypothesle-

sampl!.ng modeLs haE consentnated maLnly on the tdenttflcatlon of

sLngle-attlbute coneepts. Some attempta have þeen made recently

to extend flndlnge f¡om theee etudles ts concepts havLng morø

than one relevant ettrlbúte.

An early study by Trabasso and Eouar (19644) provlded

evldence to aupport an asEumptlon ollglnally made by Bourne

and Reatle (1959) ttret ln a l¡ldlmenelonal problem thE subJect

analyaes the tr¡o ¡elevant dlrnenelons sE tt¡o lndependent

unfdlmenalonal eubprobleme and that theea tr,¡o subpeobleme aDE

r¡o¡ked on concurrently. Trabasso and Bou¡er found thatr !.n a

four-cetegtrry concept ldentlftsatlon taek uith tt¡o lndependent

reLevant dlmenslons, the perfutmance of subJecta csuLd be



L1g.

predlcted from the performance of othe¡ subJecta uho l¡ere

presented r¡1th onl,y tho unidlrnenslanal eubprobleme.

An unpubllshed study hy Ml.ller (1970) attempted to apply

thle model of hypotheels-eampLlng to diaJunetíve concept ldentl-

ficatlon. In her experlment she preaented post-ehlft problEms

involvÌng both (tntradlmeneÍ.onal ehlft)¡ one (half-ehlft)r or

nelthBr (inte¡dlmenslonal shlft) of ttuo dlmanslone relevant

in a pre-Ehf.ft problem. Fcom Trabaeeo and Bot¡errE model it
uas pledlcted that the o¡der of lncreaolng dlfflculty of past-

ithift problems r¡ould be lntradfmenslsnal, shtftr half-shlft,

and lnte¡dlmenslonal shlft. The resultE lndf"oated that the

lntradf.menelonal ehtft probleme ue¡e leas dlfflcult than bsth

the half ahlfù and the lnterdlmenalanal shift probleme¡ but

no dlffetence u¡ae obtalned bet¡.¡een the laat tuto typee of shlfts,

Thls suggeeted that, lnetead of treatlng the bLdlmenelonal

problem as tulo eeparate elngle-dlmenslan subprobl,emsr euhJects

must be uslng esme method of sampllng paira of dimenslons

cuncurrently. Hence, ulhen one membe¡ of a palr fs lnound

to be lrrelevant, both members qf the palr are dlscarcled.

ldhether pafus sf dlmanElone are Eampled randomly la a question

r¡hich hae been ¡alaed earllar.

Nahlneky (196e) lnvastlgated t'he ldentlflcatlon of

conJunctlve concepte havtng tuo relevanù attrtbutes by aeklng

subJecte to gueae the concept after a fl.xed numbe¡ of trlale.
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He found that a algnLff.cantly hlgher proportlon of eubJects

attalned the conoept r,rlt,hqut er¡o¡s than uould be expected lf

no lnformatlon plocassing ùraa assumad folloulng a correct

reBponae. Furthermore, the data r¡iere not oompatlhle uLth

eIühe¡ aanrpllng-r¡lth-replacement or local-conslstency-ullth-

mEmory-for-orlg-Btlmulus-back aeEumptlona. These flndlnga

Lrere ctrr¡oborated fn e later study by Nahlneky and Slaymaker

(1969) ln uhloh blank t¡lals hrer'e uEBd to lnfer the subJectra

hypotheses. In thls experlrnent each aubJect ttBB Preeented

r,llth an l.nftlal poeltlve lnstance follo¡,¡ed by a random eelles

of stlmull. Each posltlve lnstanee uae folloued by a serfes

of blank trlals. The reeults euggEeted that subJecta eample

randomly and lndependently atrme eubeet of poeeLble hypotheeee

compatlbLe ulth informatlon provlderl by the flrst etlmulus

and then redutrE the number of hypotheaee In thle Eubeet on

the basle of lnformatlon prov!.ded by succeedlng et1muLl. A

model beeed on theae ¡esultE hEe þeen reported by l{ahlnsky (1970).

DeffenÞacher (197t¡) aEaeeeed the flt ef modele lncorporatlng

fsur of the mamory aeoumptlons dlscuaeed earLlea - ZBto memoryt

Iocal nonreplaoement, local consLetency, and global conslstency

- to conJunctlvE concept ldenttfteatlon data obtal.ned fsr fou¡

levele of sttmulua complexLty. In exarnlnt ng Bach qf these

assumptlons, 1t r¡aa furthtr aaaumed that subJecte uere able

t¡ recaLl the lnttlal lnatance. Analyala of the tesulte,
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houlever, lndlcated that none of tha aeoumpttone satlsfactorlly

fttted the data for aII fou¡ leveLs of etlmulue complexf.ty,

although thp best approxlmetlsn uaa provlded by the local'-

conalBteney (Btrlctly¡ local-conslstency urith rnerÊory for the

flrEt etlmulue preaented) aaaumptlon. TuÐ reason€ uaDB advanced

by Deffenbache¡ as poeslbl.e explanatlona r,¡hy a good fit uaa nst

obtalnsÉ¡ (f) the aubJects may not hava ratelnEd lnformatlon

from the lnltlal exemplar ovBr trlals, and (Z) hypotheees may

not have been aelecüed ulth equal probeblllty.

Gsmnent

It 1s apparent frsm this rev!.eu of hypothaale aampllng

thet Reotlete o¡lginaL aeaumptlone have beEn tested and ln a

numbel of l"natancea found to lequlre aoma modlficatfon. ldhe¡a

poee!.ble ln the dlscuselan partlcula¡ modlficatlone have been

consldered. Houova¡, an lnteg¡ated account Ls yet to emetge.

One of the dlffleulttae seame to be the paucÍ.ty of lnforrnatlon

¡elatlnÐ procedural canat¡atnte and taak condltlone to thE

sarnpllng pDqcBBs. Unt!.I more La knoun of thetr effectr exceptlons

to any samplLng msdel a¡e llkely to be found.

B- Hvnothesta Evaluatlon

It haa bean typlcally aasumed !n the foregolng d!.scueslsn

that hypotheees a¡e evaluated acso¡dlng to an Ellmlnatlon process

tn r¿hlch thE coneept (1.e., the true hypotheale) le establlshed

by the reJectfon of alL alternatlve hypotheseg lnoonelstent ulth
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the stlmult preeented¡ This may be termed an informatlon-

proceeslng approach. Thege ls an alüernatlve approach to

hypotheel,a Evaluatlpn uhlch ehould aleo bE conelde¡ed. Thle

ptopoges that evaluatlon of tha truth of an hypotheele proceeds

by a atatletLcal declelon-maktng process. Regrettably feul

studlee havE compared theae approachea or examl.ned tha aseumptlons

underrytng then. rn the eucceedinq pageg ãn argument rr¡tlr be

developed to suggeat that, sxcept f.n a fer¡ epeclal caagg, subJecte

tend to utlllze the latte¡ ¡ather than the formar approach. If
thle ls aor then centain lmpllcatf.ons for aome of the phenomena

reported durfng tha prevloús dlEcuaElon on eampllng follo¡¡,

For example, the obEervatron that ratenciea decreaee during the

crlterlon run of correct trBeponses may be att¡lbuted to lnc¡eaelng

confÍdence ln the declslon on the t¡uth of the hypothea!.s. The¡e

1e conaequently no neEd to aEeume here that eubJecte are slmultaneously

monlto¡lng several hypotheseE aE proFosed by T¡abasso and Boue¡

(1969).

An lnformation-procEeslnq aos¡oach

Esaentlally thls approach prqpoeee that the eubJect ar¡Lvea

at the trua hypqthaelE by ellmlnattng by some m€ans all other

poeslble hypotheeea. Thle assumÊE therefore that a concept_

cent¡ed subJect FtrsBBBsBs lnfo¡matlon about (l) the populatlon

of hypotheses frcro rúhlch the concept !s d¡eun, and (z) the truüh

value qf each hypothesra ln the populatton on any trlal. rt
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le plauelble ln most coneept ldentlflcatlon exparlments to

aaaume that the number of hypotheees le deflned by the

lnst¡uctlons and atlmull presented, but a numbet of teËEtrng

can be glven to euggest that the sEcond aeeumptlon la untenable.

In the flrst plaee, Bruner et al. (f956) reported that

no auÞJeet employed a slmultaneous acannlng strategy¡ 1oB.¡

examfned all hypotheses slnulÈaneouely, but rathar dealt

succeselvely utf.th alngle hypotheaes for conJunatlve concept

attalnmenù f¡om a four-attrlbute¡ thrae-valuE stlmuluE dleplay.

Secondly, theoretfeal modale of hypotheele sampllng (aee

earller) have postulated that eubJectc are able to rEcall

up to only tr.ro prevlous hypothaeea durlng eoncept ldenttftcatlon

fo¡ unldlmenEional concepts. It r¡ould be Interestlng to knor,l

the maxlmum number of hypotheeee a suhJect can ¡ecall, aeeumfng

hypotheeee are aampled lndependently of each other (Nahlneky

et al. f I97f¡). Thls eetlmaùe u¡aa mada fn en experlment Ln

r¡h1ch lmmEdlate recall of a llst of ten random bldlmenelonal

hypothesee baeed on one of fou¡ concaptual rulEe uae teEted

for a stlmulue populatlon r¡i.th four th¡ee-val,ue att¡lbutee.

The eatl,mate ulll be, of eout6e, an uppet llmlt slnce there

Is ns teatlng of the hypothesea requlred, nor do eubJeota have

to rEeall the truth value of each hypotheale.
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Expe¡lment VI¡ fmrnediate recall of random llste of bidlmenslonal

hvpothesee.

I. Plethod . - The eubJecte uere 36 undergraduateE randamly

drau¡n f¡om the llrat-year psyehology eubJect pool at the

Unlveralty of Adela1de. Theee eubJeats NeDB aeslgned to one

of four gsoups eo that there rrle¡e 9 eubJects ln each graup.

Each group uas preeented r,rlth hypotheaee lnvolvlng a dlfferent

concaptual ¡ule. The four rules blere conJunctlan, tncl.uelve

dlsJunetlon, condltlonal, and blconditlonal.

In frsnt of the subJect urae a etimulus dlsplay conslstlng

of geometrlcal dealgne prlnted on ? x L0 em, uhlte cards,

Ðeslgne varled aceordlnq to fou¡ attrlbutes, ulth each attrlbute

havlng th¡ee valuee, maklng 81 df.fferent patterna. The

attrlbutes and thelr values ue¡e colsur (redr Ereen, and black),

shape (crose, clrcle, and square)r flumbe¡ of flgures (I, 2r and

3), and number of bordere (0, I, end 2). The 81 ca¡da uere

syetematlcally arranged ln a 9 x g array.

The lnst¡uctlone expl.alned to the aubJect that he uould

be presented ¡rrlth a numþer of hypothesee u,hlEh r¡ould oonslet

of comblnatl.ons of palrs of attrlbute values f¡om the ntlmulue

populatlon before him. Each pafr of attstbute values lnvolved

tho eame form of coml¡lnatlon. For oonJunctlon, hypotheaee

uere of the fsrm, trgreen and equarerr, fo¡ lnslusLve dlsJunctlon,

trelther green or Bquare or bothtr, fo¡ condltlonal, ttlf green
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then squarerß and for btcondf.tlonal, Pgtreen lf and only lf
squalen. ThE meanlng of thE ¡elevant eoncaptual ¡ule uaa

demonst¡ated for the example plovlded ueLng the etlmulus dleplay.

No lndlcatlon ù¡aB proutdad on horrr many hypotheaee br€r'E to be

presanted, The aubJecte uEue told that they ehould try to

remember aE many of the hypotheseË Ês they cou1dl and that

opportunlty r,lould be glvan them tE urfte doun thoae they trould

remember uhen all hypotheeee had been read out' Ten hypotheEee

uErB read aloud at lnterval,a of 5 eeconda. Eaeh of the ten

hypothesBa b¡aa randomly aelected fsom the 54 patee of att¡lbute-

val.ue eEmhfnatf,onE of üt¡¡s attrlbuteE. EuÞJecte tdere not

requlred to recall the order ln uhleh the hypathEees ¡¡,ere

preaented, only the hypotheaEs themaelves.

2. Reeults and Dtacuggten. - The ¡eeulte ars summa¡tzed ln

Tab1e 17 tn terme of the mBEn and standa¡d devletLon of the

number of hypotheses eorrectly reeall'ed'

S.D.

fl.6

I.5

0.9

0.9

2.2

2.1

2.2

t.0

EonJunctton

Incluslve dlsJunctlon

EondLtlonal

Blcondltlonal

!4eanConceptuaL Rule

TABLE I7. Number of hypothesee recalled for each rule.
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An analysls of varlence r,rae performed on thls data, but

no elgnlf!.eant dlffe¡enca u,as sbtalned þetuean rulee. ThE

maan numÞer of hypotheses recalled over all rules uJas 2.4,

A curve ehorllng the probabfllty ùhat an hypothesls uras correctly

¡ecalled plotted agalnst the posltlon of the hypothesle ln the

IIst may þe eeen ln F1gure 4. Examlnatlon of, thle curve

suggesta a ¡nËrked Decsncy effect 1n recall, þut no prlmacy

effect uas obtalned.

Er¡ore made by subJecte suggeet thet for bldlmenelonal

hypotheees, a hlgh deEree of confueabtltty exlste betueen

hypotheees. ThIs can be seen ln that each attrlbute value

i.s aesoclated r¡1th another att¡fbute value sn 9 occasLone

t¡rithln a complete Liet of 5¿+ hypothesee. l{oreovsrr there

are t hypotheees Involvlng comblnatlons of valueE taken from

the eame palr of attrlbutes, The effect of thle uas ehobrn

b¡r the number of tlmes ln r¡hlch one sf ühe tu¡o comptrnÊnts bras

lncorrectly recalled. 0ften the error consleted of elmply

chooelng the r.¡rong vaLue r¡lthln the rlqht dlmenslon. Some

subJects reparted trylng to connect each hypotheets brlth a

card f¡om the stlmulus dlsplay uhlch contalned þoth rElevant

attrlbute ualuee. Thle method apparently dld not lmprove

recall, hor¡reve¡. The ¡eaeon for no Lmprovement ls probably

due to ùhe fact that recalL of cards ls not very much better

than that for hypotheses¡ and anyuray, should the card Þe



FTûURE I. Probablltty that an hypotheala Ia correctly

recalled plotted agalnat the poeltton sf the

hypothaete Ln the preaantatlon llst.
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racalled oorrectly, lt Etlll, has to be dEcided uhich of

six possible hypotheses uaË the basls for chsselng the tratd.

It ls avtdent thet for thls stlmulus populatlon, recall

of a random llst of ten hypotheees brË¡s only sllghtty mo¡e than

turo, a ffndlng uhloh muet be regarded as the uppet J.lmit of

recall fo¡ the reasons stated earller. Thls result, r.rhen

soneldeled along ulth the other evldence cf.tedn strongly auggests

that a Logical ellmlnatlon method Is not used by eoncept-centred

subJecta 1n evaluatlng a hypoühesis. If suÞJects are not

abtre slmultaneously to test all hypotheees, and lf they are

not aþle to recall all prevlous hypoùheses tested, then 1t

is dlfflcult to see ln urhat uay they can logtcally ellmlnate

all hypotheses except the true hypothesla and consequently

establlsh that thls ¡emainlng hypothesls ls true. ff subJecte

uere uelng an ellmlnatlon strategy, then one urould expect them

to be able to descrlbe, ulth moae peecielon then hae been

commonly found, the approach they used"

Moresver, the flnding that only tuo hypotheses krere correctLy

¡ecalled ln thla task also casts doubt on the subset-sampLlng

assumptlon ruhlch etates that the subJect samplee and evaluates

severql hypothesee at the same tlme (Levlne, f970). Clearly

in thle task the elze of the subset muet be only one ol tr,lo,

r¡lth one belng morB llkely since eubJecte here ue¡e regulred
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only to retrBll.hypotheeee, not to evaluete them. It should

be admltted, houever, that the present task ls someuhat more

dtfflcult than has generally been conslderedr lnvolvlng Es

f.t does a larger populatlon of hypotheees klth a hlgh degree

of confusabillty betr¡leen them, Perhaps for slmple ploblema

subaet eampllng ls ettll a poselblllty. Houleverr other

evldence suppooedly favourlng subaet sempllngr for examplet

the decreaee ln latensles durlng the crlterlon run of respondlng

can aleo be accounted for ullthout thls aseumptlon. It t¡ould

seem the¡efore that most of the data can be adequately explained

by assuming that the subJect handlea onLy one hypothesls on

each trtal. The strongeat evidence aqalnst the slngle-hypothesls

assumptlon r¡oul.d seem to be thE flndlng of a hlgh probabtltty

that the hypotheslE 1s changed fsllor^rlng a cotrect responE¡e.

More r¡ork ls needed to detErrnlne the condi.tlons under ulhlch

thls observatlon gtrEUtse

Eonslde¡atlons such as the above do not applv to the

aubJect r¿ho eleets to utlllze an att¡lbute-testtng etrategy¡

for example, conservatfve focueslng. For this strategy the

subJect effectlvely eJ.lmlnatee all other hypothesee by

examinlng the relevance of lndivtdual" attrlbute values ln e

focus card. The capaelty of the subJect to retaln LnformatLon

about tha concapt I,s not exceeded r¡lth thls etrategy. Indeedt

Byers, DavLdson, and Rohuler (1968) have Ehoun that thE memory

load for subJecte glven lnetructlons on r¡onsetvatlve focueelng
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le less than fsr other suÞlecte not gtven these lnptruotÍqns.

Attrlbute-teetlng Þt foougglng etrateglea may be uEed on all

conceptual rules (see prevloua chapter)r bUt thelr UEE aBEmB

tronflned mtrBtly to apeclal taak candltlone, ErÇfr a oystematieally

arranged a¡Fay of lnatancsa f¡.om r¡hlch onB Lntstanga lB Ðlven

for a focuE.

A atatlatloal daclsfan approaoh

5lnce lt Is evf.dent thst many subJecte dn uag ân hypothesls-

teetlng or contrtspt-centrad strategy, and alnce It Le also evldent

that thle atrategy cannot be one tn ulhlch all alternatlve

hypothece* aBE ellmt.nated, thEn clearly FBme other approach

[e necaeEary fgr them to eolve the problem. It te suggeuted

that thls other apFrsaqh may bts termed a statlaüleal decl,slon-

maklnq ptrDcesa.

Eaaeni;lat1y the subJect glven an hypothEels to teet la

vier¡ed aB havlng to makg a detrlElon betueen tue alternatlvesr

(1) the hypothesls le true, or (2) the hypotheele le falee.

Any lnstance ¡¡h1ch cenflrme thÊ hypotheels may be rsgarded

ae lnfluencLng thlE deelslon ln fevour of the fo¡mEr alternatlve.

Any lnstance uhlch dlsconfl¡ma ühe hypotheEla rnny be regarded

aa Lnfluenolng t'he declelsn in the dlrectlon of the latter

altE¡natlve. fn fact the crlterlal number of dlsconflrnlng

lnstances for chooslng the alternatlve¡ the hypotheels ts

false, 18 onE. Thp crlterlal numþBD of conflrmf,ng lnatanues
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fon Ehooetng the alternatlve, the hypothesls le truen urlll.

vary r'rlth thE contrBquencsts of maktng thLa decLelon.

A nodel of thta Eo¡t te not aubJect to the demandE on

m6mosy requlred by a plocgoe Of loglca! ellmlnatlon. Apart

fron aeeumptf.ons made consernLng the role of nemory by

hypotheels-eampllng rnodels, the only requirament Le thaü the

subJect remember hou many confl¡mlng lnatanses of the hypotheals

under teet have beEn found. Furtharmorer It doea not euppoee

that the subJect knqr¡s the number and type of hypotheeee from

r,rhLch the conoept hea þeen cheeen. ThlE aesumptlon raleee

the poaetblllty that some hypoùhesas may nat þe aLlmlnated

duelng tha proceae of evãluatlon. Evldenpe llluatratlng thts

poealble BvEntuaLtty hae been provlded by lrlason (t960, 19684).

The degroa of ¡lsk Involvad ln decldlng that a partlcular

hypothesis fe true depBnds on thE number of conflrmlng lnstanEes

obta!.ned for the hypotheels. The flndtng that subJects meyt

Bn oceËslonef EhBngE thelr hypatheel"e aflter tronflrmlng feadback

(eee aarll.er) doea p¡lBssnt ecme dlfftcul.ty to thLs model of

hypotheala-Bval.uÊtlon¡ unlesa 1t may be eupposed thst theee

rcuuatrentrBs are due to ottpa-ErDotror

The Eueceea bllth t¡hlch an hypotheels 1a evaluated clearly

dependa not only on the number of lnstançBs selected, but alao

on the type of lnstaneea üdì|ch are chosen' B¡uner et al.

(L956) have euggeeted that eubJecta Frefsl a dlrect teEt of
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dn hypqtheets. The example they glve to llluet¡ate the

dtfference betueen a dlreËt and an 1ndl¡eet test of an

hypatheele Ie to conelder a eubJect faced utth decl.dl.ng uhether

a uhlte door o¡ a black doo¡ ts the cor¡ect entranee to a

reu¡ard chamber, Xf thE oubJect adopte the hypotheele that

ùhe uhlta dsor ls eotrect¡ then e dl¡ect teet of thls hypsthesLs

le to try the uhlte dool¡ an lndlrect teet ls to tty the black

dso¡. BrunE¡ et al. auggeat that eubJeeta are elther unu1115.ng

o¡ uneble to employ an lndl¡ect method of teetlng tha hypothesle.

In effectr thla meana ùhat eubJeuta prefer to select lnstancee

t'¡hlch toould be posttlve lf thEt¡ hypothesls rdas t¡ua.

In Eruner et alse lnveetlgetlon the apparent preference

for dl¡ect teetlng of hypotheees may be releted to the fact

thet for conJunctLve concepts a dl¡ect teEt or poaltfve lnatance

transmlte more lnformatlon about the concept than an lndlrect

teet or negatlve lnstance. Thue lt may ÞE that subJects do

employ a partlal fnfo¡matlon-ploceeslng strategy by chooalng

lnetancee uhleh sonvey tha maxlmum amaunt of lnformatfsn about

the truth of thalr hypothesls¡ lf the hypotheale ehould he

false, sn the other hand, llttls lnformatlon le llket.y to be

gaf.ned abouù the true hypotheals through a dlrect test.

Evldence from matchlng probJ,ems (Donaldeon, 1959) and compound

code-i,tem taeke (Eampball, 1965) ln u¡htch the optimal solutlon

lnuolved tha uee of negative or lndlrect lnformatlon, auggests,
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houever, that subJects prefer the dlrect test method even ulhen

thls conveys onLy a amall amount of lnformetlon toü¡arde the

eoIutlon,

An experlment uras perfo¡med to lnvestlgate some of the

characterlstf.ce of hypothesle evalua'Llon dfEcuseed sbeve.

Hypotheses lnvolvlng elght rulEe ùrErE preeented to subJeets

to test. Accordlng to a statletlcEl-dectelEn msdel the numbe¡

of lnatancae chosen to evaluate an hypotheelE Is independent

of the tula, belng a functlon only of the crfte¡lon adopted

for acceptl,ng the hypotheEla. ThuE no dlffeDence r,lee expected

betr¡¡een rules qn this tesponss mBEauDB. Thle ls conÈrary to

the predletlon sf an lnfo¡matl.on-ploaeealng model. A slmultaneoua

scannlng strategy for a atlmul.ue populatlon r,¡lth fou¡ three-valuB

att¡lbuten requlreE 2 chqlces for eonJunctlqn and dleJuncttve

absence, 3 fol lncluslr¡e dlaJunctlon and conJunctlve abaence,

and condlttonal and excluaton, and lr fo¡ blssndlùlsnal and

exsluslve dlsJunctlon ln order tn determfne the truth on falelty

of a glven hypotheeLe, aasuml.ng that the true hypotheela Xnvolves

the eame rule aa the glvsn hypnthesle. Secondlyt lt uae also

desl¡ed ts lnvestlgate the type of lnstances chosen to evaluate

hypothesee fsr esch rule. From Bruner at 41. lt may be expected

dlreot teet lnstancee are preferred fol all rulee. Ifr houevert

the lnformatlveneas o{'lnstances le alao taken lnto account by

er.rbJects, then on sone trules, Erpr¡ oqndLtlonal and dleJunctlve

abaenca, lndlrect teat lnetanceE may be preferred.
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Exner!.ment UIIr An lnveEtloatlon of the numl¡er end tvpe of

lnstancEa eelected to test an hvpotheele.

I Meùhoda

Err Deslqn and Sub.lecte. - The aubJecte ustrB 24 undergraduatee

rendomly selecüed from the ft¡st year psychology subJect pool

at the Unlverslty of Adelalde, rulth the provlalon that there be

equal numbels of eash sex.

A randomized atngle factorlal deef.gn rrras employed ln uhlch

the 24 subJects þ¡ErÊ presented ullth eiEht hypotheeear one qt a

tlme, each hypothasie lnvolving a dlfferent ¡ulE for comblnlnq

tr¡s attribute values (conJunctlon, lncluslve dlaJunctlon,

condltlonal, þloondltlonal, dleJunctlve aþaEFCB¡ conJunctlva

abEence, excl.r.rslon, and excluslva dleJunctlon). The o¡der

of the ¡ules ueE balantrBd ovar all aubJeots. the palr of

attrlbute vaXues presant ln esch hypotheele uere dlfferentt

belnq randomly d¡aun from the 54 posslble palrE of attrlþute-

value comblnatlone of tr¡o attrlþutee.

b. Stlmult. - The stlnull Eoneleted of geometrlcal dealgns

prlnted on 7 x IO cm. r¡hlte ca¡de. Daolgns va¡led accordlng

to four attrlhutee r¡tùh each attrlt¡ute having th¡ee valuest

maklng 81, dÍ.fferent patterne. The attrlbutea and thelr valuEs

uere colour (red, greenf and black), shape (croas, circle, and

squarB), numbet of ffgurea (1r ?) and 3), and numþer sf borders

(0r Ir and 2). The 8I cardE urole ElDlanged on a table befo¡e



l94.

the subJeet ln a ayetematlo 9 x I array.

E¡ Procedure. - The detalle of the taek Uare explalned !.n

the lnst¡uctlons r¡htch ù,era prBsent@d on a typed eheEt. The

nature of the attmulus dleplay uraa deacrlbsd and a deflnitlon

given of an ilhypotheslsn aE a rule specifylng the p¡'esgntrB or

absenee of turo of the attrl.butee of thE cards ln the dlsplay.

Three examplee of hypotheeEs ue¡,a P¡ovldedr vlz. ¡ DBd and

sQUEr,€¡ one boldet Br not croea¡ ntrt tt¡Jo flgures or, not black.

It r¡ae pofnted out that hypotheses such as these dEscrlbEd

dlffe¡ent BBts of câtdg¡

Elght p¡robl,Ems u,efg prBeented¡ and at the start of each

problern the subJect bras Qlven an hypnthasls; He h,as told that

on Batrh problBm therE 6EE one and one trnly hypothesls t¡hlch

Bould deecrlbe End lnclude the BEt of trarde uhlch had been

adopted by the Bxperlmente¡ as the correct sEt. The aubJeËtfs

task uas to chsose those calds uhlch ùrould 6naþ1e hlm to declde

r¡hether the hypotheals he u¡ae glven LIas the 6nE uhlch deflned

the correct set. The¡e uaa ntr llrnlt to the tlme the aubJect

Çould Bpend on eatrh probl.emr nol blBE¡ there a llmlt to the number'

sf earde he cou¡ld choose, but he uas lnetructed to endeavour to

polnt only to thoEe he consldered necseeary to teat the hypothesle

he uaa Elvgn. The subJect ùras told that the purPose of the

expertment r¡ae not merely to eee r¡hether he obtalned the rlght

anc¡h,pr, but more lmportantty to ses hok¡ he r¡ent about flndlnE
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thl.a aneuer. Thua, uhen he coneldered he had chosen enough

cards to test the hypotheels, he should lndtcate aecardlngly,

and that r.rould end the problem, No rleclsLon uae requhed absut

the t¡uth or faleity of the hypotheeie, and the¡efore no

feedback uae prnvided for the carde selected.

Hypotheses ürBrB presented to the subJect typed on

7.5 x 15 em, file cards" Tha hypotheses ùrete¡ fo¡ conJunctlon,

nblack and croea0; fo¡ lnslusfve dl.aJunctlon, ftthree flgures

or cflcl.e or bothr; for condlttonal, ngreen or not no borderrr¡

for ÞIcsndltianal, Itone flgu¡e and tr.ro bordere, or, not one

flgure ancJ not tuo bordersn ¡ for dlaJunctive ebeence; Énot

rsd or not one bo¡dsrr; for conJunctLve abeence, mnot square

and not tr,ro figureerr; fsr exclusLon¡ figreen and not squarert¡

and fsr excluslve dleJunctlon, 'rElthEr no border ar clrcle but

not no border and clrcl,e.Ë

2. Reeults

The reaulte are eummarf.zed ln Table L8 in te¡ma of the

mean and etendard devlatlon of the number of card choices

requlred ln order to teet the hypothesls provldad fo¡ each rule.

Eaelc Rule

EonJunotlon
IncI. dlEJunctlon
Condltlonal
Bicondltl.onal

S.D'

9.1
4.5
¿+.9

6.7

DtaJunctfvE abEEnce

ConJunotlve abeence

Excluefon
Excluelve dleJunctfon

l.g
6.2
5.0
5.9

5.6
8.6
7.2
8.4

9.8
6,9
?.4

7.6

MeanEampl,ementary RuleS.D.F4ean

TABLE 18. Numbe¡ of lnetancee requl¡ed to test hypotheals.
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An analysle qf varlance uas uEEd to analyae thls date-,

but no slgntflcant sffBct r¡ae obtalned for rule6 - ãEB Table l'9.

Eourse

Betueen subJects

l¡11Èhtn eubJecte

Rules

ReEi.dual

Total

3536.0[¡

3527.25

26L¿42

3265 83

7863.25 lel

TAELE 19. Analyels of va¡lanee on number olo ca¡d choleea

Thue, the mean number of lnetances eelected for at,l rulea Lras

7.'? r¡lth a standa¡d error of the mean of 0.4.

The natu¡e of the lnstanses Eel.ected uas examlned and a

sunmgty may be found !n Table Z0 ln terms of the maan percentage

of dl¡ect teet lnetances selectEd for each rule. Theee

percentagee UetB compared r¡lth the percentage of dtrect teet

lnetances present ln the stlraulus populatlon. A slgn teat

ehor¡ed that more dlrect tast tnatances uere sel.ected than t¡e¡e

present tn ths etlmulus populattsn for conJunctlon (g('.0I)r

lnc1uE1ve dlsJunetlon (g (.85)¡ blcondtttsnal (g(.85)'

excluslsn (g( .01)¡ and excluslva dleJunctton (g(.05).

1.81+t?.35

?Ã.2A

23

168

t"61

7

M"S.D.F.5.S. F



No dlfferencea ue¡e obtalned for dtaJunctlve abeencet

conJunctlve abaence, and condltlonal.

Baslc Rule

EonJunetlon

Ineluaive
dfsJunctlon

Eondl.tlonal

Bleondttlonal

Lg?.

D1¡ect
test

preaent

98.9

¿14.4

?'2.2

44.4

TABLE 20, Pe¡cantage of dlrect teEt Lnstencee seleçted and

pteeent In the stlnul,ua populatf.on.

Instances eelected u¡ere furthel elasslfled accordlng to tha

percentage of lnetenceE EelEcted contaLnlng both (TT)r onB

(TF and FT), s¡ neLthe¡ of the attrlbute val,uEs epecfffed |n

the hypotheels for Each rule. A summary of thls deta l.s glven

f.n Table ZL. These percentagets r¡Jsre compared a¡Ith the percentagee

of each claes af lnstance otrcurrlng tn the stlmulue populatlon.

For alL cules there ue¡e ll,ly, TT lnstancesn 22.2iú TF lnstancBEt

22.29/n FT lnstancee and 44.4y, FF instantreg. A aign test ahsuedl

a hlgher percentage of TT (g(.01) and a louer praportlon of

FF (g<.gfll) lnatancea u¡BlB selected for conJunctlon¡ a

55.â

77.8

55.6

Ll.I

72.L

6?.6

'79.9

4g.B DleJunctlve
aþeence

0snJunctive
abeance

Excluslon

ExelusIvE
dfsJunetlon 62.5

75.2

46.6

sts.9

Dtrect
teEt

present

Dllect
'best

selected

Dtrect
teat

seleoted
lomplamentary

RuIE
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hlgñsr percentega qf IT (g(.05) and a lo¡¡ar parcanûega of

fF (g<.8) ln¡taærs fo¡ lnelustve d!.sJunotlon¡ fs¡ þtestdltlonelt

tho propE¡È1on of fT (g< .83) lnetsnscs ¡slested bna higrhgr udrlle

a luqr peroontcgs büûr fsr¡nd for TF (g(.05)r FÍ (g(.fEl)r and

ff (g(.85) lnatamree¡ for conJunetlus abasnccr a lmn¡, psrcentege

of TF (g(.05) anü FT (E{.Ol} lnatanæs û¡ers sstsctsdt no¡s

tF (g{.Ol}r and leaa ff (g(.81} Ena Ff (g<.00tr) lnat¿nacr

on sxolual,m¡ and mre TT (g<.05) and rT (g{.95) erd lesa

FF (g(.81) l¡¡¡tano¡e sr rx¡¡lurlus dteJunaÈlut. flo algnlftoent

dlf?eruEBt ùpae fd¡rld btûBtt tüo pnaintsp sf aadr typc o?

tnotorgc a¡læt¡d and pleaslt ln ttr atlm¡lus ru¡lEùfon fsr

dieJunattw EbsÉræs ard fs¡ asrdl,tlonal.

Becle Ruls

ConJuncütur

Insl.
0!eJunotlon

ÊBnútttonal

{tü¡r¡rtttts¡pl

TAq,f 21. Forosntagp af ?T. TTf fÎr s¡rf FF lnaterpcs eelected.

In¡tmc¡r @y ¡lo b¡ olr¡el?t3d aa brtng lagioally ln?ormatlve

o¡ rsdr¡ndanÈ aocortllng to rùstlisr ot not t'hrg rllalnctn eny

alternetlue hypotrlrstsar AltarnaÈlve hypothsges f.n ttrls onelyete

r?.0

?ß.2

t2.6

l2.g

â.7

!.6
L?.?

t6.t

h0,ß

15. I
lt6
!6.1

æ.1

L?,.2

I0.?

29.lr

L?.'

rt.2
5û.9

]t.l

*.?

t?.9

21. t

29r5

DleJunetlue
aboünfs

[Enjunatlve
ebaaræs

ExetsEIsn

txcluelv¡
dtaJunctlon

9"5

n.a
56.t

Yr.O

17.6

$6.6

17.1

11.9

FTIFTT FÏÏF1TüæFl¡-
aentaly RuleFF FF
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refers ttr those haufng t¡¡s attriþute values csmbineC by the

same ¡ule ¡¡hi.ch Ls present in the given hypothesls. It shauld

be noüed tha'b sutrJects kle¡e not told to assume that the rule

uas correct. Huueve¡, eubJectle Etrmments folloulng the task

suggesüecJ that the majorlty did not consider testÍng the rule,

only the ¡elevance of the attributes" f{ summary of thfs

analyste may be found ln TebLe 22 tn terms nf the mE an nurnbar

of i,nfq¡matlve and redundant lnstances chosen for each rule.

Easic RuIe Redun-
dant

Ëunjunetlon
¿+.0

Incl.
dlsJunctlon

Gondi tfonal

Bicondltlonel

2.7

3.2

3.3

TABLE 22, l4ean number of inforqotlve enct redundant cholcgs,

An analysls of varlanee ulas performed on the number Efl

lnformatlve cholcea and on the number of redundant cholces

made. Na dfffetgntrE ¡¿¡ae found betr¡reen rules for ¡edundant

cholces, but a elgniflcEnt effect uae obtal.ned for ¡ules for

the numbe¡ of lnformatf.ve lnstances selested, E (7116l) * 5.41r

E. .801. NEr¡man-Heuls poet hoe comparleone Ehsued that thLa

4.3

5,8

4.2

q.e

Disjunctlve
abaence

DonJunctlve
abeence

Exclue:. on

Excl.usive
dlsJunction

3.9

2.4

3.'7

2..9¿-I

ù L5

l¡. B

4.8

Info¡m-
ativeEomplenentary

RuIe

Redun*
dant

fnform-
etlve
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effact uae due to fer¡¡er lnfsrmative chotcee belng made for

conJunctton tl¡an fo¡ othEr tuIËE.

The tlkellhood that a subJect mlght bs coreEot tn hla

evaluatlon of the hypotheals provldad can be eetlmated by

aseurnlng that al,L l.netaneee choeen confirmed the hypothestrs

and then detamlnlng the number of alternatlvE hypotheses

r,lhlEh could alau acaount for the eequEnce of tnstances choaen.

Accordlng to tha atatlEtlcal declslon proeeae modEl" undee theee

clrcumetaneee the aubJeot urould conclude that the given hypothesle

ls true, ThuE the greeter the number of alternatlva hypotheees

t¿hlsh sould alEo have produced the sequentrEt the moÍE ltkely

le It that the subJeet r¡ould have been Lttonq ln hle concluelon.

Teble 23 ehou¡s the frequentrV dlstrf.butlsn fo¡ the number of

posslÞla hypotheeeg remalnl.ng at the end of the evaluatlon

procasa. Elearly moDE than half thE aubJecte dld not completely

elimlnate all alternatlve hypothesea. A cht-equale teat

lndlcated horrlever that there uaa no dlfference In the freqUBnEV

dtstrfbutlons for the dlfferent rules.

Elaelc BuIe

DonJunctlon

IncluslvE
dlaJunetlon

CondItlonaI
Blcsndltlonal

Number of subJects and the numbe¡ ef hypotheeea not
eLlmlnated.

5

g

IZ
7

5

5
5
6

t4

tl
7

¡"r II

7

7
{+

?

B

TO

L?

DlaJunctlve
abeence

GonJunctLve
aÞgantre

ExcluElon
Excluelva
dLeJunctlon

1D

7
I
5

tÌ/5z<HsH=1 2<H<5H=lGomplementary
Rule

H)5

TABLE 23.



?;0L,

3. Dlscusslon

ThE reEults tndlcata that there lE no diffe¡ence ln the

numÞer of inetancee chosen to evaluate an hypothesls for dlfferent

¡ules. Thls ftndtng conflrme the predictlon made by a

atatlstical-declelon proceas model tn uhlch 1t 1e aseumEd that

the number of lnetances requlred le lndependent of the type

of hypotheeis. It ls not consletent, hourever, ulth an lnformetlon-

peoeeaeing rnodel for r,¡hlch some dlfferance üJas expected betueen

rUIEs. In thlE regard a dllFferentrE Ílgy Þe noted betu,een the

preeent rEeult and the ¡esulta fn earller experlmente uhere

fscuseing strateglea uere Lnfe¡¡ed ts Þa utlllzed.

An analyale of the type of lnstancee seleeted confl¡me

B¡uner et alrs auggeatlon that oubJecüE tend to make direst

teete of hypoùheaEs and extends thle euggeation to nonconJunctlva

rulee. There ùJäs nB evi.dence that subJecte preferred an

indirect method even Ën rules ll.ke dlsJunctlve absEnce and

condltional t¿here such lnetances LIB¡6 1,1kely to yleld

substantlally mErB lnformatlon on the t¡uth of the hypotheela.

Furùhe¡ analyele shou¡a that a preference fsr direct tests

and an avoidance of tndl¡ect teeta ls not general. for all ctraases

of dlract and i.ndl¡ect lnstancee. Indeed there te evldent for

aomE rul,es a tendency not to aelect eome claeses of dlrect test

lnatancee and also E tendeney to select ssme claeeee of lncllrect

taEt lnstancsa, For example, for the þlcpndltlonal the propo¡tlan
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of lnatsncae ullth nefther of the att¡tbute valuee In tlre

hypotheele ùras Lese than that cccurrlng ln tha stlmulus popuLatlon¡

for axcluslve dleJunctlon. a hlghar proportlon of lnetanees r¡lth

both attrlbute values ln tha hypotheafg uele aelected than uere

present l.n the etln¡ulue populatLon. For thE latte¡ rule, ft

mlght perhaps bo argued that lnetanceg poeseeelng both of the

tr,n attribute val,ueg speclfled fn the hypothsEls ara ln fact

dl¡act teet lnstanceE Elnce the bro¡dlng of ths rUle doee eayt

n... but not þotha. A slrnllar expLanstlun cannot be glvent

hourever, for the blcondltXonal.

For thEse rules on r¡hloh a dlrect test Is a loglcell,y rnore

lnformattve method fgr evaluatlng the hypotheste, [t may be

expocted that subJecta urera more ãuccggefu} ln ellmtnatlng

all other hypotheaeE than for thosa rulae on r¡hich an lndlrect

approaoh ls the loglcally more lnformatlve. The reEults shouedt

hourever, thaü the¡B hrae no dlfferBnce þetueEn r.ules fsr the

number of eubJeete uhs ellmlnated all but one hypotheale ¡r¡f.th

thelr cholcea. Thle suggeats therefole, thst elther a greatar

number of lnfor¡netlve shofcee uere made on thoae rules ln uhlch

a dl¡eot teet r¡Jae lese lnfo¡mEtfve than an lndlrect teat ort

lf a dtrect tsst ytetded motrB lnformatlonr then a greËter

number of redundant oarde.uete ael,ected' Analysle of lnformatLve

and redundent cholceE lndlcatad onJ.y that the former al.ternative

uaa true for conJUnctlon fo¡ t¡hlch fer¡er Lnfsrmatlve cholces
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urere mËde than for other rulee, but no othE¡ dlfferencas üre¡B

oþtaLned beturean lulee. Thle analyalar houever* dld not

dlstlngufeh beth,een the extent to r'rhlch an lnstantrE utao Ioglcal,Iy

lnformatlva¡ an lnatanee uhlch eltrnlnataa one hvpsthealE le

clasalfled equally uith an LnEtance uhlch ellmlnatee 84.

More lmportantly. the assertlon that eubJects are uelng

e atatleülcal-declef.on aB Epposed üo an lnfo¡matisn-proeeaslng

approach reflecta on the meanf,ngfulnesa of loglcally cleealfyl,ng

each card oholca as lnfo¡matlve o¡ rEdundent ln the 'senee that

the uhotce ellmlnetes one or more altarnatlva hypothEEee" The

analyels of the number of lrrforrnablvE and ledundant choices

made on each rule descrlbed ln the ¡eeults ls baeed on the

falee aasumptLon tl¡at the aubJect le utlllzlng all the lnforrnatlon

r,¡hlch ls eontainad ln every tneùEnce, and may therefora be

disregarded ae havlng any ralevance to a deEcrlptlon of any

subJectre behaviour during the taek. To eay that a Isgtcal

analysie of choicae mede ¡eveaLe that tn tha course of thetr

seLectlona 4I.794 af subJecte ellmlnatEd all Þut one hypotheel's

is meanlngful, houever. It la meanlngful not due to any

ileecrlptlsn of' the process of avaluatlon, Lrut becauee, ãE¡ 3

conaequence of efl'ecttvely rernovl.ng all aLtarnatlue posatl¡lltttes

r¡hleh could also have produced a sl¡nl.lar outoame Dn eaeh geleetlont

any declsfon nrads by these euirJeuts coneetnlng the truth of the

hypotlresla ahsuld Þe ve¡ldlsal.
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At the end sf the task all þut three subJects indlcated

uhen queetloned that the task ùEuId have been eaefer lf feedback

had been provlded on eEch inEtance aeleoted, Añ experlment

uae carrlad out es a follor,r-up to thle study tn t¡hlch such

feedback ùras Eupplled. Obvloualy, tf feedback fs to be glvent

the experfmenter muet knot¡ the solutlon to BÊch problemr and

hence, for EomB prel¡Leme the lnltle1 hypothesla uas t¡ue, but

In othere lt uaa falae. If the hypotheefa ls true, then

accordlng to a statlstfeal-decl.alon model, the subJect ut1l]

tend to eelect n conflrmlng lnstantres of the hypothsele afte¡

r¡¡hlch he r¡1II Judge the hypothesla to be ülue. The valup

of g urlll depend on the erltE¡lon fo¡ helng rtrght held by the

aubJect. In the experlmente descrlbed here the Er't.te¡lon

u¡as eet by the lnatructlone¡ subJecte hJsre to UBE a hlgh or

eafe crlterlon fo¡ EuceEseful ealvlng of the plqþI€m. No

dlfference le expected þetueen rulee for thlE model r.lhen the

hypotheste Le t¡ue. If the hypotheele ls falser then s neu

hypotheels must be eampled and teeted tn alrÉllar fashlon to

the old untt t an hypotheEla le found r¡hlch mEets ths er!.terlon

for acceptlng lt ae true. ff no memory of lngtantrBs tE

aeaumed, than no dtff,a¡ence ehould be expetrted bet¡¡een ruLes

for the numbEr of fnetanceE selected þefore arrlvlng at the

eolutlon. Houever, 1f a consletency aseumptlËn fs operatlvet

then some dlffe¡enoea may aPpear betu¡een rules r¡hen the glven
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hypothæsi-s ls found to be falee. If, houevet, eubJecte üend

tg evaluate thE hypothcsle by loglcally elf.rnfnatlng other

possli.ile hypotheeee ualng a focuaslng etretegyr for examplet

then lt cen Þe predlcted ùhat the numbar of lnetancee laqulsed

!.s dependent on tha loglcal rule of whlch the hypatheeLa conel,sts.

Tr¡o othet mlngr modlflqatlons tdp¡'e made ln the experlnant

ts be descrfbed from Experlmant UII. The flrsü r¡ae to pretssnt

eubJects rrllth th¡Be FtqbLeme lnstead of one invnlvlng the aame

rul,e. The aubJeets uele then lnstructed tlrat the eolutlon to

each prrblem tnvolvad ühe BamB rule comblned by tuo attrfbuts

values. All they had to determlne rlaa uhether the tuo attrlbute

Values ln the hypoühesls ùrete tha same t¡¡o attrlbute valuas ln

tha solutlon¡ and lf not, t¡¡hat the trr¡a attrtbute Val,uBB ldere

for bhe Ëol,utlon, Thus, the type of Eolutlon lnvolvEd ln thls

etudy uae more deflned than ln the pnevloue experlmant.

Accordlng tB a statl,gtlcal-decialon model., thls ehould not rnake

eny dlfferentrÉ üo the number or type of lnstanceeì choeen to

eval,uate the hypotheels' Secondly, lt uae destrEd to lncreaaa

the likellhood of hypotheais-teeting l¡ehavlour ãnd so the

stlrnull ürete landnmly placed Ln a 9 x I array S.nstsad cf bnlng

syatematically arranged. Follotulng Brune¡ et a}. (1956)r

thte ehould inc¡Ease the lncl.dense cf scannLng.
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Exnerlment UIII: Hvootheels- teettno ulth true and falae

hvpotheses

1. Method

E. Subfects and Deslon. - The eubJecte trle¡e 96 undergraduate

students urlth equal numbers sf l¡oth sexes ¡andomly nelected

frorn the flrst-year psychology aubJect pool at the Unlversity

of Adelatde. An I x 3 repeated-rreãBU¡ea factorlal dealgn

rdas used utth the vartablea (a) conceptual rule (conJunctiont

lncluelve dlsJunctlon, condttlonal, b1cond1tlonal, dlaJunctlve

absence, conJunctfve abeence, excluslon, and excluslve dlsJunctlon)

and (b) prtrblsms (three for each subJect). For all eubJectst

on the flret tr^n problems lnltial hypothEaEa ulere true, u¡hlle

sn the thl¡d proÞJ.em the inltlal hypothesle uas false. No

aubJect Nas auargr of course, at the beqlnntng of a ProbtEm

uhethe¡ his hypotheaie uas true Ex false. Tuelve subJects

LúE¡e randomly asalgned to one of the elght rules t¡lth the

slngle tfmttatlon that the¡E be equal nurÍbers of each sex

on each ¡ule. The attribute values of the lnitial hypothesee

urere rendomly choaen from the 5k posstble palre of attrtbute

value comblnatlonE of tr¡o attri.þutes, and a dfffsrent lnttlaL

hypothesís ùraE presented to each subJect on each problem for

each rule. blhele the lnlttal hypothasle uas fa18e, the

concept uae randomly selected and uae dlfferent for each subJect.

b. 5tlmu11. - The stlmull conelsted of geometrlcal deslgne
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prlntÉd on ? x 10 sm. uhlte cards. Deslgns va¡led accordlng

ts four attrlbutes r,rlth each BttrlbutE havlng three vÊIuest

maktng Bl dtff,erent pattelne. The attrlbuteE and theLr valuee

uere coloUr (¡ed, green, and black), ehape (cross, ølrcle, and

square), number of flguree (], 2, and 3), and number of bo¡de¡s

(0, I, and 2). The 8I carde uete arlanged trn a tBble before

the subJect ln a rãndon I x I aDralr

cr. Pr-ocedu¡e. - The detalls af the protrBdure ùJerÊ ex$lned to

the subJact ln the lnEtructlons r¡hich ùi€re PEBsEnüEd to him on

a typed Eheet. At the beglnnlng¡ the lnst¡uctLone noted that

the experiment ln r¡hich the subJect uas al¡out to take part

uras dEBlBnBd to tnvesti.gÉte uays In rr¡hlch people form Concepts¡

It r¡as not an lntelllgenee teet, nor þ¡truld the r.Bsulta be used

to aeeese lndlvlduals for Bxamlnation purpoEesa

the naturB of the etimulus d!.splay uas then descrlbed

and a deflnttlon glven of a ñconcepttr as rra cE¡taln eet of

theEe ca¡dE determlned by the preaentrE Bf @ of tha above

attrlbuteEn. The relevant type of ctrncept u¡aE then explalned

r¡Lth the aXd df an examPle' The examples uerec for conJunctlon,

Ëall carde u,hlch are gresn and aquarer¡ for incluelve dlsJunetlon,

aall cards r¡h1qh are e!.thet grtsen o¡ aquãre or botha¡ for

condltlonal, üall ca¡de ¡¡F¡tch arg gregn sr not aquaran¡ for

bl,oondltlonal, nall carda rr¡hlch are g¡,een and sqqa¡tsr BFr

not green Bnd not squarer; for dlsJunctlve abeencel nall
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cE?dB r¡hlch are not green or not squaret ¡ for oonJunctlve

absence, rall ca¡da r¡hi.ch ars not green and not equaler;

fo¡ excluelon, ilall ca¡de ùJhieh are grean and not aquarer;

for excluelve dleJunctLon, rall cerds u¡htch arc elther BFeBn

or squaDe but not bothË. It r¡as aacertalned that the subJect

understood tha relevant eonceptuaL rule concerned by polntlnq

to eevelal teet lnetancee, randomly selected from eash truth-

table category.

It uag then explatned to the aubJect that ;hla task uaa

to flnd concepts Just l.lke thE one dEscrlþed. Three prablerns

uere tE be presented, and on each problem a nÉu, concept ulaa

fnvolved. The eubJect ù,aB to attempt to ftnd thE concept

by eelectlng carda, onE at a ttme, to r.lhtch the experlrnentar

r¡ould lndlcate r,rhethar or not lt ¡,¡ee E membar of the eet of

cards determlned by tha concept. The subJect u¡as tsld that

he could at any tlmE volunteer hls concept to the experl.manter,

but elnce he u¡ae allor¿ed only one attempt et the conceptr he

uae advleed not to make auch an attempt untll he had eetabllshed

beyond reasqnable doubt r¡¡hat tha concept roas¡ tlme uraa nst

lmportant.

Eaeh probl,em r¡as startad by presentlng the aubJeot u¡lth

an hypotheele of the concept typad qn a 7.5 x Il cm. flle card.

It r¿as explalned to the aubJect that thfs hypothesls may be

elthsr true, l.E.¡ ft u¡ae the actual concept he uas trying
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to flnd, or falee. If the subJect dlseovered that the hypotheei-e

ùJas false, then he uaa r'ecommended to form Ë¡ nBU hypotheela of

hle oun maklng and test that to see urhethe¡ lt u¡as trua or faleet

untll he coneldered the concept to be i.dentlfled.

ldhen the aubJect had flnlshed readtnq the typed lnat¡ueùiona,

the experlmente¡ agked hlm tf there bJEDe any guestlons. An

asgutrance krae sought that the subJect understood the dlfference

betueEn an hypothesla and a concept. The lnstructlone brBFB

then eummarized ontrE mBDe verbalLy. t¡lhen the eubJect lndlcated

that he uaa teady, the flrat problem u¡ag begun by presentlng

hlm uÍ.t,h the flrEt hypotheels. The lnst¡uotlon sheet üraE

avallaLrle to the uubJeet throuqhout the taek.

2. Resulte

The ¡eeults a¡e aumnarlzed in Table 24 1n terms of the

mEan and etandard devlatlon of the number of card cholcee to

the criterlon of propoelng the concept for each rule and probLem.

Baelc Rule

EonJunctlon

fnclualve
dIEJunetlon

Problem
I

omplementary
Rule

Problsm

one th¡æ

Eondltt onal

Blocrdlttonal

5.6

6.2

6. ¿t

J.5
?.2
4. ¡+

6.5
3.2

a lt
5.9

7.9
6.3
7.2
l+.6
9.1
6.I

M

5. D.

M

E.D.
M

5.D.
M

S.D.

LL.2

6.3

If.0
12.8
?.2.9
21.6
25.7
3t.t

7.9
5.3
7.8
l+.2
6.3
2.9

7.L
3.6

l,:,

Con.lunctive
abËenee

ExcluElsn

ExclusIvE
dlsJunctfon

DleJ
abc

a

)

a

a

unctlve
ENEB L6.7

11. 2

L217
Lr.2
12.l+
d.l

17.0
1¿+.I

4.6
7.3

5.8
3.0
6.8
4.1
5.t
?.2

tuo tr¡oone th¡ee

TABLE 24. NumÞe¡ of trlala ts crlterlon for each rule and problem.



210.

An analyef.a of varlance toaa performed on thle data

trsnaformed by I aquale-root traneformatlon Ln srder to make

the var1ancos motre homogenBoLtc¡. A elgnlflcant effect ues

obtaLned for the numbe¡ of tr1alE tq crlterlon ove¡ Pr'oblernet

L (2)L76) - 4Br4Z, Ê(.BO1r but therB u,as no ei.gnlflcant effect

ovel rules, naî any lnteractlon bettleen problems and rulee.

A summary of the analyals of varlantre may be found ln Table

25. A post hoc enalysle ustng Neurnan-l{eula mul'ttple sange

comparleons (t¡llnerr L96?) teveeled slgnlfleant dtffe¡.Ënces

betu¡een P¡obleme I and 5 (g{.0l)r and 2 and 3 (g(.01)r but

no dtfferencB betueen Problems I and 2.

Source 8.5. P

Betueen subjectq

Rulee

SubJecte ¿¡¡lthln gDoupa

ldithln Eubleets

PrsbIEme

Problems x rulEE

ProblemE x eubJaots
r¡ithin grqupe

N.S.

<.88I

N.E.

TABLE Z5o Bummary of anal.yela of varlance on number of card

choLcee to ert terlon t¡anaformed by equare-rotrt transformatton.

1.6t+

1.78

46.9?

1.00

970L?6

L92

14

2

8g

7

95168.1+6

lr,5l
156.95

279.6L

93..94

13.99

170.68

8.92

h8.ì+Z

1.03

FD.F. M.9.
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An examlnetlqn uas made of the number of aubJects urhoee

propoeal of the eancept btes colrect - eee Tabla 26. A Eochran

Q test (5legel 1956) uae usEd to deterfilne r,¡hEthel the numbes

of subJects a¡rlvtng aÈ the co¡ract eolutlon dlffered on esch

probl,em. Thla analyals ehoured that algnt ftcantly dlfferent

numbers of trogBct solutlone u,E¡e provldËd on Baoh prgblem

fo¡ lnolustve dlsJunctton, condf.tlonal, bicsndftlonal, EonJuntrtfve

abaence, and excluslve diaJunotLonr For these EUIEET lnepectlon

sf Table 3 lndlaatee that there ¡¡lere feuBl trolract solutlsns

on Problem J than on P¡oblems I and 2, For the flret tus

proþIEmsf ln udrlch ühe lnittal. hypothesf.E ürËB the concept uhlch

aubJeota b¡ErB sesklng, the probablllty of an lncor¡ect eolutlon

taken pue¡ all tulee r¡aa 8.05. 0n Problem 3, hounver, the

probablllty of an Inca¡rect solutlon computed for all ruLEE u¡as 0.39.

Eealc Rule P¡obIem Complementary RulE Problem

DEB three

EonJunctlon L2

Incl.dlsJunetlon 10

llondltlonaL

ElcondltlsnEl

L2

9

6

1f¡

eL2

7

5

9

5

u
l2

l2

u

DlaJunctlve
abEEnce

EonJunctLve
abaenca

Exclualon
Excluslve

dlsJunctlon

11

L2

LZ.

I1

L2

L2

L2.

L2

tr¡oonB onB tulo

TABLE 26. l$umbEr of aubJeots attatnlng the cqncept on each problem.
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A loglcal analyels ùras performed on the lnatanceE selected

by each aubJect on each problem to deterrnl.ne the numbe¡ of

hypotheeea cemainlng at the tlme the eubJect pcopoead hlE

solutlon to the problem. A eummary of thte analyøle ls ln

Tabtre 2? shoutng the numbe¡ of eubJecte on each rule uho

Baelc Rule P¡ol¡lem

ttu ee

EonJunctlen

Incl..
dÍsJunotion

Eondltlonal

BlcondltloneL

TABLE e7. Number of subJecta loglcally ellmlnatlng all but

one hypotheslE.

ellmlnated all but the correct eoluüIon r¡Ith thel¡ card choLcee

accordlng to a loglcEl analyela. A Gschran Q teet (Slegelr 1956)

uas csnducted on each rule but no dlffeÍBnoB uae obtatned betu¡een

p¡oblems exeept for condltlonal, (g(.01) end dtaJunctLve absEnce

(g(.01). Inspectton of Table 27, houever, doea not lndl.cate

that the frequency rrrlth r¡hlch only one hypotheale loglcaLly

¡emalned u¡ae leaa for Prsblem 3 than for Prohleme I and 2 a€

mlght be expeoted from the prevlaue analyele of thE number of

7

6

1T

I

I

5

3

6

t8

6

3

7
9

¿l

4

I

DlaJunctlve absence

EonJunctlve abeence

ExcIuslon

Excluslve
dlaJunctlon

I

tg

5

t0

5

9

2

7

tt¡oonB

Froblem

three

Eomplernentary Rule
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eubJects attalnlng the concept. Indeed, for the condltlonalt

the frequentry ¡raa hlgher on Problem 3 than on L and 2. It

is evldent thet a loglcal analysia ie not neeeaearlly a gð6d

predlctor that the concept r,l1l"1 be tdentlfled. Claarly a

numba¡ of subJectE ldenttfled the concapt r,rhen the lnltlal

hypotheals h¡ae true even though they had not ellmlnatEd alL

alte¡natlve hypothesea. ldhen the lnltial hypothesls uas

false, hourever, aubJects r,¡ho Loglcally ellmlnated aII but

one posÉlble aolutlon dtd dlsplay a elgnlflcantly greater

tendency to attaln the concept than other suÞJecte. Xn thls

BaaBr uhen one hypotheeia logIcally remalned, the probablllty

of a correct eol¡¡tlon uas 0.?3¡ urlth mor'e than ona hypothesle

remalnlng, the probablllty uaa 0.37. A 2 x 2 chi square uslng

Vetee correctlon on thts data ytelded ¡1 = 9.85r E(.01.
The naüure sf the tnsüEnoga eelEcted rrlae enal'yeed and a

BummÊry may be found ln Teble 28 ln terme olF the medlan

percentage of pseltf.vË f.natancee chosen on each plobX,em fou

each rule. Theee percentagee hrere compared r¡lth the FestrBntage

of poeltlve XnstEncEE¡ preeent ln tha atlmulua populstlun fo¡.

each rulet conJunctlon Il,.I%, lnqlualve dlaJunctlon 55.6%'

condLtlonaL ??.81É, bl.condltlenal 55.6y". dleJuncti.ve abEence

BB.g?¿, conJunctlve absence 4l+.0%r excluglon 22..2% and excluslvE

df.sJunctlon tr4.4%. A elgn teat uae used for thls Purptree

r¡1th a co¡reetlon on the slgnlftcance level for eash compasiBÉn
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EonJunctlon

Inol.
dfeJunctlon

Esndltlsnal

Bicondltlona

2L4.

Problem

tlr¡ee

76.4 62.8 96.4IOD.E

B?. t+

69.4

6f.4

{6.5

95.5

31.0

g5. g

52.4

b5'3

66.7 69.l 43.7

TABLE ?9. Hedlan percentage of poeltive lnstancea aeX.eçted,

ts eneu¡e ühat epulloue dlffe¡enceE dld no'L occur by chence

(Duncan, L955). The cs¡rEctEd slgntflcanos level for sach

comparlsqn ulag el - .ûfl5 (tuo-tall) obtafned ualng the fo¡mula

!( = I - ( .95)'/8 u¡here k repreeentg the number of comparlsons

madB. 0n thte analys!.e lt uas fsund that a hlgher percentage

of poeltlve instancee uere aelected than ue¡e preaBnt ln the

Etlmulus populatlon trn all problama for conJunctlon and excluslont

and on the flrst tr¡o problems f,pr lncluelve dlsJunctlon and

exclusLve dlsJunctlon. A lor¡er percentage of poaltlve lnatances

ue¡a cheaÉn Bn Probleme I and 2 for dtaJunctlvE absence. No

elgnl"flcant dIfferenc@a r¡e¡e oþtalned for condttlonal, bloondltionalt

and conJuncùlve abeence.

The type of j.netancEe selected on ühe flrst trrro problems

DlaJunctlva absenca

0onJunqtlve abeeneE

Excluslon

ExcluEtve
dl,aJunctton

35,4

62.3

62.9

59.4

1.08.0

79.2

7l+.6

63.1

th¡eet¡¡oonE trr¡oona

Froblem 0omplementary Rule
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r'rere fuather analysed Ìnto thuge conùalnlng both (TT), one

(TF and FT), or nelther (FF) of the at'brlhute values glven

ln tha lnlttal hypoùhesle. It t¡111 be recalled that on tha

flrst trrro problems for each tula the lnitlal hypothesls hras

ttue, The medlan percentage of eaeh of these four cl"agses

of Inetance eelected may be found 1n Table 29.

RuIe P¡obIem

tr¡o

EonJunctlon

I ncl.
disJunctlon
Eondttlonal
Elnondltlonal
Disjunctlve
abeenee

Conjunctive
abaence

Exclusl.on
Exclusiva
disJunctlon

FF

0

29.9

.0
33.7

6.1

t¡

0

f¡

TAü-E 29. Medlan percentage of inetancEa BËlstrted rrrlth both

(TT), one (TF and FT)¡ Bnd ngLther (FF) sf the attrlbute

valuea i.n the Lnltlal hypothesÍs.

u¡0.9

r7.t

25.O

14.3
0

?2.5

a 324

¿+3.I
29.2

26.9

25.u

25.9

22.5

95,9

33.3

0100.8

19. I
L7-5
3J..0

3?.2

L5.5

?.2

28.6

J"2,?

25.9

33.3

46.5

tt

t¡

t¡

4.b

3a.2

29.3

14. f

2?.8

uo.0

0

3l..fl

0

19.5

22.O

95.5

Jg,8

CI

a

a

t¡

6

g

25

2T

I

30.4

?3.6
11.8

19.4

22.5

0

33.3

t

FTTFTT FTïrTTFF

one
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These percentages ùrere compared u¡lth the percentage of

each claee of lnstance oçcurrlng Ln the stlmulus populatlon

- TT ll.l",¿, lF 22.2Yo, FT z?.rytr and FF 4l+.4% - uelng a eLgn

test ulth a trorrected slgnlflcancE level of o< - .003. For

conJunctlon, the slgnlflcantly hlgher percantage of posltlve

(TT) lnEtances uae due ts a louBr percentage of TF, FT¡ and

FF lnstanFss belng chosen. Fo¡ exclueion, the hlghgr pertrEntaqe

of poeltlve (TF) lnetances eeleeted uas rElated to a louer

percentage of FT and FF lnstancea only. The hlgher propgrtlon

of poslttve f.nstancea eelected for lncluEfve dlsJunctlon u¡as

broughÈ about through a hlgher percentage of FT lnetanclea belng

shoeen. For excluelvE dlsJunctlon, the pereentage of beth

TF and FT lnetanceE ealected uas hlgher then that uhlch oceurred

1n the etlmulue populatlon, but thle uas ¡elatad to a lourø¡ percentage

of only FF negatlvE inetancae, For dfeJunctJ.ve abaence, a louer

percentage of FF poeltlve lnetanceg bJao foundr A lor¡er percentage

of FF Instancee b,aa ales obtelned on condltLonal and Þlcondltlonal,

even though the overall reeult of thE analysle of poaltlva

lnetances uraE not slgnlflcant for these rules.

Aa r,¡111 already be evldent, ths etght rulee coneldered ln

thls expe¡lment fall lnto four palra havlng the property that

any lnstance r¡hlch ls posltive undel one member ðf the palr 1s

negatlve under lte complement. Thls mEane that a posltfve

lnstance under, sÉtVr conJunctlon hae the same lnformatlon value
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aB a negatlve fnstance under dleJunctlve BÞsence. Prevlouely

it haa been shor¡n ln thls expertment that tha number af lnstancee

selected to crl.terlon hae not dfffEred betueen rule palrs.

A comparleon betulEen the membe¡s of each pair uas also made

fo¡ the type of lnstances eelested on Êach. For thls comparlson

a Mann lrlhiùney U test u:as performed on the percentage of poeS.tlve

lnetanees eelected on eaeh lrbesicrt rule and tha percentage of

negatlve lnstances eelected on lts cornpLementary rulE for each

rule palr and problem. A correctisn r¡ae made üo the algnlfllcance

IeveL adopted for aach comparlaon beeauEe of the numbet tested.

0n thE fLret tuo probleme slgn!.flcantly more posltlve instences

blere selectad for conJunctton, condLtlonal, and blaondttlonal

than negatLve lnstancee for dlsJunctLve absence, excluelon¡

and excluelve dlsJunetlon reapectlveLy. Thls lmplles aleo

that the percentage of negatlve lnetancee selacted fo¡ conJunctlon,

condltlonal¡ and blcsndltlonal ulEe lou¡er than the percentage

of posttlve lnatances for df.sJunctlve abeenee, excluelon, and

excluelve dlslunctf.on respectlve!,y. No dlffereneq hourtsvett

u.¡ere found bathreen Lncluslve dleJunctlon and conJunctlve abeenee

at x = .084. 0n Problem 3, r¡here the lnltlal hypothesls braa

falee, slgnfflcantly mote posltlve lnetances t'Jere chosen for

conjunctton and lncluslve dlaJunotf.on than negatlve lnetaneee

for disJunutlve abeence and conJunctlva absence reapectLvely.

The ¡Eclprocal of thls ls therefore also tlue. No dlfferenBEet
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hourevel, uere obtalned on Problem 3 betueen cpndlülonal end

excluslon, or betr,æEn bloondltlonal and Excluslve dLaJunctlon

aù ?l - .[Ð4'

J. DleeueElon

The reeultE lndlcate that tha¡e aDE no dlfferences ln thE

numþe¡ of lnaüaneee ehoeen for the va¡lous ¡ulee examlned uhen

subJecta are aEked to test an hypotheels uhtch¡ unknou¡n ts them

at the beglnnlng Ef the problem, ls true. Thte flndLng ls

remlntEcent ef Experlment UII.r¡harE agaln no dlffeaence rrtaB

found betueen sules i"n the number of fnstanees Ehogen to evaluate

an hypotheete, although ln the experLnent no feedback ¡,¡Ba

provided on the truth vãlue of the selectlong. Moreover,

ln the preeent task elmoat all subJecta evaluated ùhe glvsn

hypotheel.e succeesfully for all ¡ulEE.

ThEee flndlngs may be teken as Buppoltlng the nsdel propoeed

ea¡ller uhere hypotheels-rvaluatlon lns Eonelda¡ed ae a dectslon-

maklng ptrocess, ae dlstlnet flom a FrocEBs af loglcal ellmlnatlon

of alte¡natl.ve hypotheaea. Accordlng to a logloal-ellminatlon

process model, the mlnlmum numþer of Lnetanees neceesary to

teet an hypotheelE varl.es bJtth tha rule. Îu¡o choLeeE sle

nEEEeBEry for conJunctlon and dLsJunctfvø absenee, 3 for

lncluelve dlsJunotlon and conJunctlvE absence, and condLtlonal

and excluelon, and 4 for blcondlülona1 and exc}uEl,ve dlaJunctf.on.

A etatlstlcal-declslon ptotrBsg model, houlevetr lt rrl111 bE recalLed
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ls tndependent of the rule and La a functlon only of the

crlterlon for succEsaful eveluatlon of the hypotheele hEld

by the subJect. In thls task subJecte on the dlffelent

rulee uere all glven lnstructlonE tu adopt a eafe ol tronservatfve

crf.te¡lcn tou¡arde auccess. Asaumlng that these lnet¡Ucttons

ùrere Bquatly effectlve for the dtfferent groupa of aubJectst

and the results auggest they uere, tt san be expeofed that

no elgnlflcant varlatlon ehsul.d take plaea betr¡een rules.

0ther flndlnga a¡e alee eonaLsteüt r¡lth thls model.

Thua, Lt hss been ehor¡n that more 'lnetanoea urE¡e requlred

uhen aubJects Lrere provlded rr¡1th an lnf.tlal hypothesls uhich

r¡as false than r,rhen glvtsn one r¿hleh uae true. Thla effect

has been obtalned 1n aplte of the daelgn of the experlment

ln ulhlch Probleme L and 2 aluays began r¡tth a true hypotheela

and Probl,am 3 r¡l.th a falee hypotheaJ.s. Thls reeult le of

intereet uhen conalderlng aubJectat perfornance ln Experlment

U I In the ltght of thte neu¡ data. The netsna and standard

s3ttrrs of the mean of the nulobal of chslcee nade ln Experlment

VII end ln thls experlment for an lnftl'al t¡ue hypothesle

upte 7.7 and 0.4¡ and 6.9 and 0r3 respeÊtlvtsly. A t teat

on these tuo sete of ¡eeulte ahoue that there ts ns dlffeDBnce

betueEn them. It EeEme llkely, therefore, that the subJects

Ln each caEE urere behevlng slmllarly¡ even though thoee fn

the preaent experlment ürara provlded u¡lth faedback on each
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lnstance chogen uhgreas ln the 88rl1er taek no feedback uae

avallabl€. The almoet unanlmous report by eubJecta fn

Experlment VII that eome feedback on thetr lnstances kould

have heXpad them in thElr taEk is not refLËcted 1n the numbet

of lngtancee Belected.

The ftndlng that the mEans of thE numbea uf instantrEe

selEctgd for thE varloue ¡'UIÉg lle betu¡een 5.3 and 9.I t¡tth

an ove¡all mean of 6,9 Ls ¡emlnl.ecent of Ì¿lllLerrs (1956)

obse¡vatlon of a ll¡nLt to the number of lndependant ltems

u¡h1ch can þe Btor.ed ln Immedlate me¡nory of betueen 5 and 9

r¡[th a ¡nBEn of ?, thls may lEad one to apeeulate that thE

number of tnetancsa EBlBctEd undar e hlgh ctltÉtlon fol suBce€eful

evaluetign of the hypotheel.a may be related to ehort-tesn mêmo¡.y

EaFatrLty for atortng lnfosnatton abEut Èhe hypoÈheals. Ualng

MLlle¡ts lnfo¡matlonal mBdBI of memory, thla meane thatr lf

the fesdback gtven trn an lnatangg aq¡reea ¡¡lth the predlctlon

made by the hypotheeie under. teet, then one ttem of lnformatlsn

consesnlng the hypotheela ls atsred ln the fl¡st plgeonhole ln

sho¡t-tefir II¡E¡IIBFIr If the seoond lnetance selectEd conflrms

the hypotheale, ansther ltem of lnformatlon ls storEd tn a

sEcond plgeonhola,, Thle pFBqesE 1a repeated untll' elther

all ava!.lable plgeonholes ln sho¡t-tErm meuory have been fllled;

or a dlscrepantry Eceur.o bEtr¡een the predletlon of the hypotheole

and the feedbaok gtven by the expertments¡. If the forme¡
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takes place, then a daclslon r¡Lll be made to eccept the

hypotheais. If the latter, then all evaluatlve lnfo¡matlon

ln the pigeonholee is elased and a nerrl hypothosls sanpled

tn the mannel dlseuseed earlter ln the eectlon on hypotheels-

sanrpllng. Thls model. aesutÞea, of course, that the lndlvldual

ie operattng under a htgh crlte¡lon for correct evaluatlon of

the hypothesls. At other tlmes r,¡hgn a risky evaluatlon ls demanded'

a decislon rr¡11l be mada bafore all plgeonholEe have þeen fllled.

Thls propoaal fe formulated 1n terms of $4111errs informatlonal

nodeL of lmmedlate memory, but lt ulll be reallsed that thls ln

not the only model of eho¡t-term memory u:hlch could be applled.

It may r¡eII be aeked r¡hat le the Xtem of lnformatlon

u¡hlch ls eto¡ed ln each plgeonhole. At least tto posslbllltles

exlst. The flret comee from the dEelslon-maklng model and

suggeete that only an lndlcato¡ f.e placed In the plgeonhole

to shorr.¡ that one confl¡m1ng test of the hypothesls hae been

made. In othe¡ r¡o¡ds, the only lnfErmatlon stored ta the

numbBr of tnstances Beleeted tronflr.mlng ühe hypothesls. þJe

may r,nnder 1n thle çase uhy 7 pLgeonholee are naeded fo¡ thls

FurFoBe, r'rhy the numbErs I to 7 eould nBt equalJ.y uell Þe

stored J.n a slngle plgeonhols ts shotr the number of conflrmlng

teeta completed. If the latter syatem uae employedr than the

remainlng plgaonholEa could be utlllzEd for retentlon of lnstancea

ealected for uee ln aampllng. Thle leada to the second rnaJor
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Foesl"bl¡.tty, that the eubJeet seeks to stqre ln the p!.geonhole

the lnstance selected together rr¡ith the assoclatad feedback.

fn vteul of the hlgh degree of confuEabfllty of the etfmullt

1t seeme unllkely that the subJect can ramsmber 7 randsm lnstances.

Houever, lf eome slmple etrategy 1s employed for chooaing trards,

then It may eaelly lre poeslble to remembe¡ more than 7. Thta

tl¡ould accaunt for the occaalonal subJect uho eelected almost

all poeltlve l"nEtantrEa before making an affl¡T ¡atlve declslon

on the hypothesle. Elaarly¡ thta dlecusaion lE ¡ather epeoulatlve.

More r¡111. be sald on the .¡ole of memory ln hypotheaf.s-teatlng

foll,or¡lng the next experlment.

Analysle of the natu¡e of the lnetansee eelected for theae

probleme on r¡¡hlch a true hypothesLe b¡as glven lndlEates that

thele lE a tendency for subJeete to selEct lnstancee uhlch are

pos1tlve accordlng to the hypotheele under teet. Thls IE

evldenced by the number of rulee for r¿hlch a greatør proport!.on

of poeltlve lnattsntrÊE u¡ere selected than uere pDtsBenÈ ln the

stlmulus populatlon. The result for dlsJunctive aþeence Ls

probably related to the fact that negatlve inatantrËs prgvlde

greater lnformatlon and a¡e therefore a ¡note effective test

of the hypothealp lnvolvlng thls ruJe. That the loglcal

effrrctl.vgnBss of a teet of an hypotheELs 1e not a domlnant

consldaratlon, houeverr nrsV þe seen for Incluelve dfsJunetlont

condltlonal, and blcondltlonel. Eomparluone beüuleen Eomplementary
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rulês also lndlcatee a otrong tendency to chosse posltlve

tnstanses b,hish constitute a di¡ect test of the hypotheuis

aE Buggeeted by Eruner at al, (1956). The flndlng of no

diffe¡enee þetürEen the proportlun of posttive lnetancee eelected

for insluolve dieJunctlon and the proportlon of negatlve

lnstancEe eelectsd fEr conjunetlve&aence may be e ¡efleutlon

of the csmmenta of a numba¡ of subJecta tuho found the urordlng

of tha conJunctive absenee rule ccnfuelng and tended to rephraae

It aE a nagated lnclustve dlsJunctlon. Eomparlson þetueen

the preaent data and the data obtalned tn Experlmant UIX for

the propo¡tlon of dlrect teat inEtances ¡eveale a close almilartty

in the percantagae. The only apparent effEct sf feEdbaek sEerils

to þe a sllght lncreasE ln thE percentage of dlrEct teet instances

for oonJunutlon, exclualon and perhape lneLuslve dlsJunctlon.

Further analysls of the inatancea selected lnto fou¡

categollee according to the presentre or absence of the cttnibute-

values speclfied ln the hypotheele treveala addltl.onal elmlla¡ltles

betuaen the tr¡q seta of resultg for feadbaCk and no feedback.

Thus tn both experlments thera þras a tendency to eelect inetancee

havlng sne att¡ibute value fol i.ncluai.ve dleJunctlon and €xtrlu8lvE

dtejunctlon, and a tendency not to Eelect FT s¡ FF lnsùances for

excluslon. The ol¡ee¡vEtfon made folloulng Experlment VII that

a preference for dl¡act teatfng sf an hypothesls dses not appear

to appty equally to all dtrect teEt lnstances noe agalnst 81¡.
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lndl¡ect teat lnettrntrBs rnay be relterEted here. In ùhle

experlment, houever, thls flndtng 1s someuhat lees genelal.

For example, only FF lnetancee uËre found to be lnfrequently

chosen ln the ea¡ller axpellment for conJunctLont uhtle tn

thle experlment there ú¡as a algntflcant tendency not to select

any of the f types of lndlreet test lnetance fol thia rule.

gn the third problem, ruhen an ini.tlal falee hypothesis

Lras pretsented, no dlfference rrras agaln found betueen the

numbe¡ of lnstaneaa eeleoted ts erlterion fo¡ dlffelent

conceptual ruleE. ThIe ¡eaul.t t e somEuhat unexpected for

both models of hypothesLs evaluatlon, ft nay be predicted

from en hypothesis-earnpJ,ing modeL ùrhfch aBBumEs reeall of tuo

instancae eelected that the probabtllty af aampllng tha correct

hypotheele klll vary accordfng to tha rule slnse the number

of hypotheaaa coneietent ulth tr¡s lnstances depende on the

rule conearned. Thua, if tr¡o poaltlve lnstancea are eelectedt

a maxlrnum of 6 conJunctlve hypotheees ùr11I be avall,able fo¡

aamplingn but thE mlnlmum numbEr of condltlonal hypotheees

from uhlch a cho1ea can þe made ls 60. A aimLl.ar expectatlon

may be seEn lf recall of only one lnstance ls assumed. Even

Lf no memtray f.s aesumed and aampLlng ts random ufùh replacementt

a dlffErenuE betùreen rulea u¡ould be predlcted because thE

hypothesls pool slze fo¡ eondl.tlonal and excluslon 1a tulee

that for the othe¡ ruleE.
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Tha flndtng of no dlfference betueen rulas ullth an

lnlt1al falae hypothaele cannot be taken as conoluElvs eLntret

although moat aubJecto brase ËBrnect 1n the ldentfflcatlon

of the eoncept u¡hen the lnltlal hypotheale r,las tlua, thla uae

not thE saae on lncluelve dl.eJunctfon, eondttlonal, blcondltf.onal,

conJunctlve aþsence, or excluElve dfaJunctlon ¡¡hen the lnlttal
hypotheals u¡aa felae¡ It rnay ba that 1f aubJects uhase flret
attempt at tha concept uae Lncorrect, olere allouad to contlnue

untll they had attalned the conceptr then eeme dlffe¡Bnces

may have bEen found. Furthe¡ r¡ork le nEEEBaary to ansh,Br

thle qr-'eatlon. The resson for allourlng onLy one attempt

at the concept ln the present experlment u¡as to mlnlrnlse

gueeslng, and hence ts determlne uhat la ecceptablE evldenee

for the truth of an hypotherle uslng a hlgh or eafe orlte¡J.on.

The flndlng of a dlfferEnee Ln aucceseful eoneept attalnment

betueen lnltlal t¡ua and false hypotheeea may lndfcete elther

that thE orlterlEn utlllzed by aubJecta on the probleme uf.th

the false hypotheses hraa dlfferent fron that utlLlzed t¡llth

true hypothesee or that subJeote attempted to ¡ecatl pravlous

lnatanses prlor to aampllng of the true hypotheale and thet

Br¡org In the reoall, of thece lnetances ùed to e¡roneous

attempta at the concapt, CommEnts apontaneouel.y made by

e number of aubJeete on eneounterlng an lnvalLdatlnE lnetance

of an hypotheal.E after a aErlee of conflrmtng Lnstancea euggeet
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that the farmsr may be more llkely. Theae subJacts reported

that they had forgotten r¡hlch cards they had selectsd and so

they r,roul.d have to start all ove¡ agaf.n.

A number of questlsns on behavlour durf.ng hypothesls

testlng have al¡eady been ra1Eed ln the precedlng dlsauaelon,

and the¡B are other obse¡vatlona u¡hlch alss need fu¡ther

examlnatlon. For example, it uas nqted that subJEcte seemed

to pereeverata thelr reepondlng to the ln1tlal hypathesis

even aftar an lnvaltdeting l.netance. SomE aubJectø

spontaneoualy repErted r¡hen thEy belleved the hypotheslE uas

falee and Ln aeve¡al traaes more than one dlecenflrmfng lnetance

had been choeen, Adequate data to anEluer theEe queattnns

le not poeslbl.e u¡Ith the methodology employed 1n the preeent

experlment. A further experlment le propoeed hele to provlde

more lnformatlon about the proceases of hypotheeLe sampllng

and evaluatlon.

In thls experlment lt fs auggested that auhJecte be

preeented uith elther true or false hypothesss EB before.

True and falee hypotheees should be counterbalanced over

succesaLve probleme. The eubJectf e task ¡¡rouLd be to deternlne

tha cancept by teetlnq hypotheaee. Bn each trtal the subJect

ls requlrad to eelect an lnstance for r¡hlch the expe¡lmenter

provldes poslt!.ve or negatÍ.ve feedback ulhlcheve¡ ls approprlate.

Then, before the subJect may eelect another lnetancet he ls
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regulrÉd to verbaltze the hypothesls he ls nou testlng together

r¡lth eome ratlng of hls confldence fn !t. Trlals shoul,d

contlnue untll the eubJect ls extremely confident that the

hypotheela he !e holdtng Is the c6ncept. The lnt¡oductlon

of confldænce ratlnga should provfde a fu¡ther teet sf a

statlstlcal-deolelon model. of hypothesla evaluatlsn. Accordlng

to thls model, the confldence that a aubJect has In hle hypotheals

should lncreaEe r¡1th tha number of instancee choaen, rnostl.t kely

ln the Ehape of a learnlng trurve. Mo¡Eover, not only should

the number of tnstancee choEen to OompletE confldence be the

same for each rule, but also the curve shoulng confldenCe

plotted agalnst number of lnetanc4s ehor¡ed be elmllar for the

varlgue rulea. Thls method ¡¡11I snable us tE follor¡ the

suÞJectrs confldence Ln hls hypothasts at the Pqlnt of ¡e'-sampllng'

to see r¡hether ntrre than one dleconflrmlng Lnetance 1s requlred

and to eee r¡hethEt eonfldenee for a nerrl hypothesls returns to

zertrr Some explanatlon rnay than be found uhy more E¡rorä

uere made 1n concept ldentlflcatlan r,llth an 1nlÈlal falee

hypotheale. AIso, aome addttlonal data can be collected

on dlffergnc¡Bs betuleen ¡uIee h¡hen the tnltlal hypathesls 1s false.

Another nÊtt6¡ for further tnqulry conce¡rnË th6 ¡ole of

memory !n hypothesle-teetlng. Both hypotheels sampllng and

hypothesls eval.uatlon rnodels make aome Éasumptlons absut the

retentlqn of informaüLon. 0f the hypotheele sampllnq models
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dlscueeed earller¡ the onE u¡hlsh seemed to f1t ùhB deta beet

poatulated mernory for tuo prevfoua Lnetances, vlz., the first

and tha laet ln the sequence PrEEentEd. A etatlstlcal-declslon

model fo¡ evaluatlon of the hypotheels doeE not requlrE that

any lnatance be recalled. Nevertheleea¡ the posetblllty

haa been ¡alsed ln the prBcedlng dleeuasten that some.attempt

to reca}l, prevloue lnåtances may have been made. Acoordtnglyt

an experlment uea conducted to lnveotlgate lrnmedlate recall

of lnatantrEe and thel¡ aesoclated feedback t¡rhen testlng true

and falee hypotheses. A elmllar procedu1.e bras empnroyed as

ln Experlment UIII, except that the numhe¡ sf lnatances the

eubJect could aelect uas determlned by ths experlmentet.

Ths number perrnltüed uae arbltrarlly set at 10 fo¡ both t¡ue

and false lnltlaL hypotheses. The eubJeet hlas nqt ürarned

hefore the problem that he r¡ould be asked to try to recall

aB m6ny of the flrst LB lnstancee selectgd as he uas able.

Exoerlment lXr Immedlate recall f lnetaneea durlna hvoothesls-

testlno.
r-

1 Methoda

Er. Sub.lects and Deelarìr - The subJecta ur€re L92 undergraduate

students randomly selected from the flrat-year psyehol'ogy eubJeet

FsoI at tha Unlverstty of Adelelde.

An B x 2 factortal deslgn uJaE uaed r,¡fth the verlableet

(a) conceptual ruIE (conJunctlon, lnsluslve dlsJunctlont
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Eondltftrnal, blcondttlonal, dlsJunctive absencer conJuncttve

ahaence, exclueLon, exclusive dleJunctlon), and (b) lnttial

hypothesls (t¡ue, false)' Tuelve subJecùs uere randomly

assl.gned to each of the 16 experfmEntal sondltlonsr ultth the

Ilmttatlon that thele be equal numbere of eaeh Eel on each

candltlon. The attrlbute values of the lnltial hypotheses

ulere randomly ohosen from the 54 PossLÞle palrs of att¡lþute

vaLue combtnatlone of tr¡o attrlbutea, End a diffe¡ent tnttlal

hypothesle uras presented to each subJect r,¡lthln eaoh condltlon.

hlhere the lnltlal hypotheele uas fEIË¡e, the concept rnras rÊndtrml.y

selected and t¡as different for sach subJect. AII subJeots

rrlere glven one practlce ptoblem r,¡i.th ns recall of lnstances

before the teet problem uas prBaented. Agalnt the attrlbute

values of the lnttlal. hypothesis for the praetlce problen

urere tandomly eelecÙed and dtfferent for eaoh subJeut ullthLn

each conditfon.

b. Stlmull. - The stlmulus d1apJ.ay uas the sEmB aB that used

In Experlment UIII.

c.- P¡ooedurE and Instructlons. - The detalls of the Procedure

and lnstrutrtlons r¡ere ldent1cal to Experlment UIII t¡lth the

follor,¡lng alteratlons. Flretly, subJecta u¡BrB not told hot¡¡

many Flablems r¡suld be preeanted. Thls uas deslgned to

prevent guesÊlng of the truth or falsity of the Lnltlal hypothesis.

SecondLy, aubJects ueDe lnetructed that they uould be alloued
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to select only a Llmlted number sf ca¡ds, but they uere not

told exactly horrr lnartlo After thle, they r,rere told they uould

be aEkad to eay u¡hat thay thought uaa the concept. It uas

explalned that thle uould conplete the probl.em. Elnce the

BXaEt numbar af carda permltted tE be eel,ected hÐuld not þB

glven at tha beglnnlng of B problem, eubJectø üre¡'e enetrurag€d

to try to r¡o¡k aE efftclently aB pe88IbIE. If, by chancet

they happened to dtecover the coneept before the axPelLnentel

regulred them to etop, then they ahould check thelr eolutlon

by chooalng further ca¡da untll they uere lnterrupted.

Tuo problems ù¡are pteeented to eaoh euþJect uho r,¡aa a1l'oued

to ealect l0 lnstangee on each probl,em. 0n the flrst or

practlce prsblgm, the lnltlal hypotheels uee truE¡ and the

eubJect kas slmply requlrsd te glve hle attempt at the concept

aE lnst¡ucted. 0n tha aeeond or teat pltrblemr befoce he uas

allqu,ed to proposE the concept, the BubJBct t¡as asked to polnt

to thoee caldE he Uae abls to remember havLng Juet choaan ln

the eecond problem, and to say r,lhether they uBrE mBmbers of

the concept ot not. No spaclal order of recall t¡ae requlred.

After he had recalled 68 many lnstances aB hE could clearly

remember, the Bxpcslmenter aEked hlm to make hls attempt at

the concept.

2. Reeutrte

The mean and standard devlatton of the numbea of lnatancgs



trosrÊctly recallEd out of I0 uras calculated for Each rule

and eaeh type of lnttfEl hypothealer A eummary of üh1e

data may þe found In TaþLe fl.

Baelo Rule

EonJunotlon

fnol.
dleJunctlon

Condltlonatr

Blcondltl,onal

23L.

Initlal
Hypotheels

5.5
2.I

t.7
L.7

6.4
z.g

3.9

l.B

TAELE T¡. Nu¡nber of lnatancea corrEctly reEalled.

An anaLysle of varlance uaa performed on th!.e data. A

slgnlflcant affect ¡das abtalned betuEen rul.eer E (7r176) - 2.L3)

E<.95, but there üraa no elgnlfl,cant Effect of tnltlal t¡ue and

fal.ee hypotheaas, nor a stgnlflcant !.ntEratlon betueen lnltf.al

hypotheela and rule. A Neuman-l{eula post hoc analyeie on

lndlvldual pal,re of rulee uae unable to detect elgnlflcanü

dlfferenceE beturBen any palr of ¡uleg at the 0.f¡5 level. A

I "0.

M

9.0.

M

S.D.

M

E.D.

¡{
4.9
2.7

5"0
2r4

5.8
2.8

9.6
2.8

M

8.0.

¡4

5 rD.

H

S.D.

Fî

B.D.

DfaJunetLve
abEence

EsnJunctlve
abeence

Exclualon

Excluslve
DlsJunctlon

4.8
2.2

5.5
r.8

4.6
212

5.L

L.?

6.6

2.9

5.9
2.0

4.0
2.1

3.8
I,9

True Falee

InlÈ1aL
Hypothaels

Falae

Eomplementa¡y
Rule
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summary of the analysls of varlancs ntry þe found ln Tahle 31.

Source P

Inltial hypatheate (H)

Conceptual ¡u1a (fr)

HXR

E¡ro¡

Total

.88

?6.m

63.33

898.58

1.038.99

r8B

19.89

9.05

5.Lr

0.17

2.13

L.77

N.5.

(.05

N.S.

I
?

?

9t

FH.6..F,9,8.

TABLE fI. Analyrls of va¡lanoe En number of lnntances

EErDectly recalled.

The effect nf the paalü1on ef thE lnstances In the sequentre

sBlected on DBcaII uas lnvestlgated by neane of a chl-Bquare

analysls, Thle shorded B elgniflcant dlfference betueen poÉlttons
?for recall¡ Aõ - 6?.ÍlE, ?1.001., but ns lnteractlor¡ betureen

posltlon In the Baquentre End the tnitlaÌ hypotheeis non þetr¡een

poaitlon ln thE BequencB and ¡ule. Flgure 5 ehsr¡E the

probablllty that an instantrE uas correctly racalled plotted

agalnst tha ordlnal, poaftisn sf the inetantree eelectEd. It
can þe eeen thet thts f.s a conventlonal eerial poeltlon curve

ruith ¡ecall bEEt for the flrat and laet lnetanseE.

Examinatl.on uas made not only of the numþer sf lnetancEs

recalled, but also of the e¡rore eommltted on recall. It uas
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nottceable that nost subJacta (8I.2%) made at leaat one Brro¡

of oommlselon durlng recall tn addltLon üo other emors of

omleeion. Inetancee falaely recal.lEd t¡rBre claselfled lnto

three Bloupe¡ (t) tnatancse u¡hosa truth value uas lnoorreutly

reported, (2) lnatantrBa recallEd dlfferlng Ln only one

att¡lbute value from an lnstance selected, and (f) lnatancee

r¡1th nore than sne attrlbute valuE dlfferenoe frsm those

eelected. 0nly a ¡elatfvely emalÌ proportlon of subJects

(UL.¿+%) faleely recalled the truth value of an lnstanse.

The frequency of category I errors b¡ae greater fo¡ an lnltlal
hypothesle ùrhlch r¡aa falaa than fo¡ one uhlch ulae true,
.-2 rXi - 5.49r g(.05. GLearly the maJorlty of Bltrorg (7L.9y"

of all aubJecte) dlffe¡ed by one att¡1bute value f¡om an

lnstance aelected. The thlrd typa of error LrBa csÍ¡mltted

by only âB,IYI of eubJecte.

The lnstancea aelected u¡ere dlvfded i.nto poaltlve end

negative lnstancee and an analysle brae FEsFsrmEd Èo see uhether

there uere Eny dlffe¡ence 1n the racell of thesE tr'lo classea

of lnetancee. Slnce different numbera of poeltlve and negatlve

lnetances uere selected by dlfflerent eubJects, Etroras ùJEIB

etandardlzed by eomputlng the proportlon of pnaltlve lnstancee

recalled and the proportlon of negattve tnatancee recalled.

SuÞJecta uho choee lnatansee all of the aame type Lr€rB dlaea¡ded

from the analysle. The remalnlng subJects h,ere sorted lnto



FIEURE 5. P¡Ebablllty thet a eeleeted lnatance le

sor¡ectly reealled plotted agalnat the

ord!.nal poaltlon ef the lnstanEe eslEcted'
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th¡ee groups acco¡dlng to rrlhether they racalled¡ (1) a hl,gher

proportlon of posltlve than negatlvE lnatancee¡ (2) a hlghar

proportf.on of nBEatf.ve than poelttve lnetancea, or (3) the

EamB proportlon of poaltlve and negatlve lnatances" The

numbet of aubJeots ln the ff.rst tr¡¡o g¡.oups ls ehsbrn ln Tabl,e

32 fo¡ lnLttal true and false hypotheees and for sll uonceptual

rules exanS.ned fn the experiment. A chi square analyala an

thlE data revEaled that the frequen6y r¡lth r¡hlch a hlgher

RuIe More Negatlvee Recalled

EonJunctfon

IrrL dtsJunctlon

Condltlonal

Bicondltlonal

DlsJ. abeence

EonJ, abeence

Exclualon

ExrldlsJunstlon

ToteL

TABLE 52. Frequency urith uhich a hlgher propoltlon of posltlve
lnsÈancea then negatlva lnetancea uers recalled and frequentry

r¡tth ulhlch a hlgher proportlon of negatlve Lnstan0esühan posLtlve

instanceg uere recallEd.

7743l¿r 5423 3L

4

5

6

?

t
2

3

It

B

il.
o

¡.6

5

7

E

1l

,+

6

3

9

2

5

5

9

T

z

3

t
5

5

2

l+

6

6

1l

1T

2

?

9

2

I

5

6

I
6

6

h

2

Total

Inltld. Hypothesle

FaIeETrue

Ú-útf"Bt Hypotheals

Faùse Total

Hore Posltives Fecalled
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proptrrtlon Bf poÉl.tlve lnatancee than negatlve lnatancea

ue¡e pacaLled uee algnlftcantly greater than the frequentry

t¡Ith r¡hfch a hlgher proportlon of negatlve lnetancee than

posltive lnatanses uere rEcsl,lsd, Il = 4.84r g(.05. F¡om

thls tt may be concluded that rscall of posltLve inatantrEa

uas better than of negattve lnEtantrBs. Recal.I of poeltlve

and negatlve lnstancea üras alen found üo lnteract r¡Lth the

rule lnvalved, Xl = n.e8r E(.05r but not r¿lth the type of

lnltlal hypotheeis prasented. Further analyale reveals a

clear tendancy üe recall posltlve lnatances better than negatlve

lnstanees on blcondlt!.on"f, ðl = 10.89r g< .0O1, a elmtlar

but marglnal tendency on 
"on¡Jnctlon, äl - f.6qE(.1g, but

for dleJunotlve absenee and oonJunctlve absence inspectlon

of TablE J2 shours the tendency 1a ln tha revBÍEB dl.rectlon.

Afte¡ the eubJect hed recalled as many lnatances ae he

h¡ae aþLe, he uns asked to attempt to name the concept. A

summary of the number of tlmes thE coneapt rrlae oorrectly

identifiad le gLven ln Table 33, A chl-equars antrlyels ehor¡ed

a stgnlflcant affect of the type of tnltlal hypothaals preeented

trn otrncept ldentlflcatton, Äi o 56.35, g(.fttll. There uaE

no diffelancs bet¡¡Een ruleer notr any algnlflcant tnteractlon

betueen the tnltlal hypatheses and ¡ulaa.

l. DlecusElsn

Seve¡al flndlnge of lnterest have been obtalned tn thi.e
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Rule

EonJunctlon

Incluelve dlaJunctlon

Condltlonal

Bfcondltlonal

DleJunotlve absenee

ConJunctlve abeence

Exclust.on

Exeluslve dlaJunctlon

TotaI

13

T2

L1

1Ì

L2

t1

L?

10

g2 ¡.0 92

2

2

I
I
I
1

t
I

lx
1t¡

10

m

1I

tg

11

I

TotaL

InttIaI Hypothesle

False

TABLE 33. Frequencv of concept ldentt flcatlon.

experlnent. Flrstly, a small dlfference hae bean found betueen

rulee fo¡ thE number of tnstanoos Euecesefully recalled' This

¡eEult uas not predf.cted by the msdals of hypotheels sampllng

and eualuatlon conel.dered. In the prevlous experlment lt ¡¡tll
be remembe¡ed that no dlfference betueen uules uaa found fo¡

the number of cholcee to crlterlon and thls uae taken to agree

r¡1th the predlctlona of a etatletlcal-declalon prooess of

evaluatlon. Thle net¡ flnding rnay be ¡elated to the amount

of lnformatlon paotreaBed ove¡ the l0 trlale for the varlauE
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rulgs slnce, actrordlnq to floenar (fg6¡), the amsunt of lnformatf.on

retalned ls lnverseLy dependsnt on the anount Ef lnformatlon

proceeeed. Ernplrloal eupport for thfs notlon comEe from

Pilener and Boasnan (1965) ufro atudted the effect on naterlal

ln ahort-term ¡rgmory of lnfo¡matlsn transfo¡mations of varylng

Ievels qf dlfflculty and found that rîore complex transformatlons

Ied Ès lnE¡eaaed forgattlng. Thua, Lt EEeme that the amsunt

of lnfo¡matlon p¡DcBEEBd may var.y Bctrordlng to the rule euch

that the feuer le the numbes of lnstanoea recalled¡ the mote

1a the amount of lnfermatlon proceaeed. 9lncE the same number

of tnetentrBe uBrB prcsBnted on each rule, thls suggeets that

tha amount of lnformatton proceased sn each lndlvldual trlal
muat be a functlon of the trule. A slmllar coneluslon may be

darlved frorn the ¡eaulte of Denny (L969a) r¿ho shot¡red that

recognltlon-memary errst ove¡ the flnet l0 trlals of an att¡lbute-

fdentlflcatlon task r,¡as greater fsr conceptuaL rulEe requlrlng

moDB trlale üo crf.terlon.

ThE nature of the lnfo¡matlsn proceselng ln thlE taak

¡¡hfch mtght giva rlee to dlffetenceg betuaen ¡uleE 1e not

eaay to apeclfy. Turo poeslbttftl.ea, houeverr may þe coneldered.

Ftlatly, subJectÐ may be attemptlng to proceaa lnformatlon

sE aa to !,ogtcalty ellmlnate hypothesee. lde nray reJect thls

posslblllty as untikely ln vleu of the evidence already presented

agalnst lt and becauae the sbtalned dlfferenses betueEn rulas
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do not confo¡m to the expected o¡der sf rulea for reçall of

instanceE. The second poas!.blIlty concerne the procaas of

checkfng on Eatrh trlal r¡hethe¡ the feedback provlded by the

experlmente¡ on the truth ualue of the fnstance selected cofncldes

rulth the truth value predltrtecl by the hypothesls the subJect

ls testlng. The suggeetfon te that thla procBs8 rBay vary

e$ghtly [n dlfflculty for dlfferent rules. Tuo etaggs can

be dletlngulshed ln ùhe p¡.ogess¡ (1) dete¡minatlon ef tte

t¡uth val.ue pt€dlct6d for the lnstance Þy the hypotheatet

and (2) comparlson of this prerllctlon ulth exPgrlmsnterrb

f,eedback. It may be reaeonably expacted that the eecond

stage le lndependent of the Dt¡18¡ Hence, thle second poaslblllty

propssae that the dlffe¡ensae In recall betu¡een ruleE are L{us

to dlffe¡anesa tn the dtfflculty of clasalfylng lnetances aB

posttlve and nggatLve, An expariment seeklng to explore

thts posslblllùy le dEsc¡lbed tater ln thls chapter.

Another flndtng of lnterEst ls that tndlcatlng better

reeall for poeittve lnetances than negatlve instances. Thts

result repxBsanüs an addltlon to the evldence already sceumu¡,ated

ehoullng a prEfBEEncB to select poslt!.ve lnstancEs ¡ather than

negatlve inetances. If r¡¡e follou agaln Èhe argunent that thE

amount of lnformatlsn pro6e88ed ls lnversely related ts tha

amount of lnformatlon recalled, then 1t r¡nuld BeEEI that pubJacts

are requtred to ptocese more lnformatlon on negatlve than poeitlve
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lnetsnceer That ls, an tndl¡ect test of an hypotheela

necesEltates greater lnformatlon proceeslng than a dlrect

teet. Thl.e concluEton, houlever, requlres eomg quallftcatton

because of an Interactlon bett¡¡Ben Eonseptual ¡ula and poaltlva

and negatlvE lnstance recall. Perhaps thl.s cEn be oonoeptual'lzed

by referrlng agaln ts the tuo-atage FrEBess sugggsùBd aþove

for conflrmlng or dieconftrmtng an hypotheels. For the flrat
atage soma dlffe¡encEa may be expected ln the eeee of eategorlslng

posltlve and negatlve lnetanseç for dlfferent rt¡lEE. For

example, negatlva lnetanoee ehould ba easle¡ to ldentlfy than

posttlve lnstanqes for GonJunctlqn, uhlle ühe reverea ought

to bE true for sondltlon6l. In general, the type of lnetance

r¡hich Ia the mErB probabla shsu¡.d be claEslfled moIB qulckly

for each ¡ule. gtrategLea fo¡ claaslfylng lnetantrEs fo¡

varlous aulgg r¡1I1 be'dl"ru"*"d ln more detall later. For

tha second stage¡ there B¡'e only four poeelble cdntlngenctee

f¡om ¡,¡hLoh t'he subJect can make hls decLElon u¡hether the

hypotheale ls trEnflrrned qr dlEoonflrmed. A eunmary of theoe

contlúgencles and the approF¡'lal¡e declelon to be made [n each

Base ls gtven ln TEbla 30. It le not l.mmadlately obvfous

r¡¡haü dtffe¡eneee¡ lf any aIB llksly to be found betueen these

four poeslbtlltlEa for the eaap of decldlng te conftrn o¡

dtEconfl.rm Èhe hypotheelE. Some FrBvlgus usrk has aought

to comparg th6 tlme for maklng Judgemente of samenesa and



Hypotheele Predlctlon

Posltive

Psaltlve

Negatlve

Negatlue
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Declalon on HYpothasls

tonflrm

Dleoonfirrî

Ðleoonflrrn

Ëonl'lnrn

TABLE lt+. Four posalble contlngencl.es fo¡ maklng a deelelon

on hypothEals under teEt.

dlfferenee of ettmult but the ¡eeultE are equlvocal and clearly

eubJaot to a numþe¡ of proceduraL verlablee (Poanel and Mltchell,

L9671 Nlokeraon, 1,965¡ Blndra¡ ldltllams¡ and Ul'eef 1965f

Entus and Blndra, L97g). Further axperlmentatlon le nEcBBE¡ary

to datermlne the EffectE of the varlous centlngeno!.Ee of

predlatlon of the hypothaels and feedþack on the lnEtancB

on the tlme taken to reash a dEclslon ebout the hypothesle¡

The comment made by aeveral aubJecte in Experlmant UIII

upon dleconffrmlng aR hypotheele that they could nst recall

t¡hLoh lnstaneee they had seleoted and uoutrd have ta Etart

agaln le not eupported by the reeulte of thla experlmentr

No dlffeDgnce la evi.dEnt betr¡Een l"nlùlal t¡ue and falee hypotheses

elther fo¡ the total number of lnstancse reaalled or for

frequency of recall of eaeh eertal lnstenËB ealEeted. If

PoaltlvE

Nagatlve

Foalt{ve

Negatlve

fnetance Feadbeck
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the subJectet somment had any valldity¡ trFle l¡ould BxpÊst

it ts appear on the flrst onË 03 tr¿o lnslan¡es. Houevet, the

prtrbabllity of EBcBll of the first lnetance üraa [¡.68 fa¡ both

lnftlal true anrl felse hypotheaEs and thle uas the most

frequently recalled ingtanoe ftrr beth types of hypothesea.

Examinatfsn of Flgure 5 ahous a clear se¡lal posltlon GUEVE

r¡lth both prlmacy and cacency effect tn ¡eeallr uhlch conff,rms

the estlmatlone of Levl.ne (1969), and aLso T¡abasss and Bouler

(f964b) and Bsutne and 0rBanl,on (1969).

The numbar of lnstanees¡ ouctrEssfully recalled 1s rather

more than L¡aE expeoted lry hypotheefe eampllng and evaluatl6n

models. The hypothesfe sampltng modal r.rl-¡lch Eives the best

flt 'to sampllng data Prqptrses retentlEn of the flrat and laet

lnEtancee presented. A statistleal-declelon mode1 of evaluatlon

doea not neCessltate atorage of any lnstancss. A Comblnation

of thesE ttn models, therefore, euggesta that only ttlo lnstances

nEBd be retalned fn hypethesl"E-teetf.ng. Taken over all Dules

and þoth lnItlal. hypothasea, the mean number of lnstancee

recalled ln thts EXFEDlment le 5.0 t¡lth a etandard error of

the mean of 0.2. It eEems apparent that subJects a¡e able

tg recall mor.e Inetancee then thesE ttls modEls predlct. Some

Btrcount of thte reault may be drar¡¡n from the fact that tha

procedure fol.lor¡ed permltted subJects ts lndicate as many

inotances ae they troul,d tremember eelectlng. fn dolng sot
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alrnoËt aII subjec'be dleplayed some intruelens in thef¡ recall'

Thua, it sepms J.lkely thai¡ aubJects ale leForting inutancea,

some sf rdhich they may be cornpletely certain that fhey have

prevlouely seleeted, l¡ut alao sthers aÞout uhlch they are not

sc certa!,n. The lmportartce of the rssponss erlte¡lon for

recall has been ernphaalzed 1n the appltcatlon of slgnal detectisn

theory to rnemo¡y (Êanke. 19'78). In the coulee of a cnncept

i.dentiflcatisn teek aubJecte rnay be some¿,rhat mora coneervetlve

ln recall.lng paet l.nformaÈion r¡hLch they r*rl,eh to utlllze ln

eamplfng ol evaluattng an hypotheeis. In other uorde, tn

hypothesl,e teeting aubJecta may tend ts utll,lze only lnfqrmatlon

uhleh fs derlvad fron¡ lnetances for r¡hich they are moet confldent

about havlng selectEd on a prevlous trlal. even thaugh there

may be other lnstances that they can recall r,¡Xth leae certainty.

If lnst¡uctlone to øubJecte epeclfied that they ürere to reeall

onLy thoEe fnstenoee r¡hich tl'rey uele certain they had eelEcted

and ühat thsy ehould be careful üo avofd Bny e¡'Dors in recallt

tha number of tnetanees reported rnay be nease¡ ta that expected.

lne tmptteatton f¡sm thtg discussion fe that the subject may be

able te control the degree of risk ln hypothesle teatlng not

only by the number sf cunflrmlng Instancee selected durlng

evaluatlon but alao the nunbe¡ of tnatanosa reqalled durS.ng

sanrpllng.
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lde ehall return nor¡ to considerS.ng more fully stege one

of the trrro-etage Frocese outllned earller fo¡ comparfng the

feedback provlded by the experlmenter on the truth value of an

lnstance and the predlcted t¡uth value of the lnstance accordlng

to the hypotheals belng teEted. Stage one lnvolves thE

claaslfLeatlon of the lnetance as posltlve or negatlve by

the hypotheets undet test. Tr¡o lnferentres ¡,¡ere made ln the

preced5.ng dlaeueelon about etage oner (I) that thE Ease u¡lth

t¡hich lnetanses aDE claesifled depends on the rulet and (2)

that posltlve lnetances a¡e more easlly classlfled on some

rulee than negatlve lnetancea.

An experlment uas done to examlne these lnferencea. A

cholce reestlen-tlme task uas ueed 1n r¡hich aubJects urere

required to tap one of tuo morse keye dependlng on r,rhethe¡ a

stlmulus preeented uas a posltlve or negatlve exemplal of a

concept. The ooncapts preaented to the aubJecta at the

hegfnnlng of the task lnvolved one of four haslc rulee -
conJunctlon, lncLuEive dleJunctlon, cendltional, end blcondlülonal.

The sttmull r,;ere randomly draun from the atlmul.ua popul,atlon

employed In the prevloue experlment. The eaee of claeslflcatlon

uas mBasured by the tlme taken to teapond.

The aubJectts task may be vl.etued ln at leaet tuto uaye,

The first ls to regard the dtfflculty of claeEtflcatlon as
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a functLon of the llkellhood of oscurrctnce of each alternatlve.

The mo¡e probable Le the otrEurrance of an alte¡natlver the

faeter le tha cholce of that alternatlve llkely to be made.

Informatlon theory haa proved ueEful ln thepeet for axpreselng

mathematlcatty the relattonehlp bet¡¡een the reeponee tfune and

the probabtltty of an alternatlve tn a cholce raaetlon-tlne

taek. The verslon of Hlckrs Lah, (tdelfordr 1968) uhlch ls

appllcablE to the preaEnt sltuatlon t¡fie¡e there are unequal

peobabllltlee of each alte¡natlva Is

Maan cholce reactlon tlme o J{ x g! to* (I/Pt + 1)
n
s

l-=l-

Thla apprsach doee not enable ue to aceount for any dlfferEnces

betr¡een rulea r¡lhleh may strcur but 1t does rnake clea¡ predlctlons

absut the relatlve dlfflculty of eategorlalng poslttve and

negatlve lnetaneea on Batrh ru1e. Thua, posltive lneüanaee

should have faete¡ ¡eactlon timse sn condltl,onalr lncLuslve

dleJunct!.on, and btcondltlonal, r¡htla negatlve tnatances should

be claeslfted more rapidly trn ctrnJunctlon.

Another rrny of looklng at the aubJectls task la to cqnelder

the et¡ategies uhlch may be ueed to ldent!.fy poslttve and

nagatlve lnstaneea Bn eaeh ¡ule. Theee may be sean best by

canet¡uctlng declelon trees ln uhLch the preeence of eaeh of

the att¡lbute valuee tspeclfted ln the conuept glven to the

subJect XE tEsted. SlmpLe declelon t¡eee for the foun rulea
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may bB found ln Flgur.e 6. Ualng theee etrategiee, negatlva

lnstancee on oonjunctl.on and poaltlve lnetantrEa En ln6luatVB

dlsJunetisn and condltlqnal ahould be least dlfflcultr tllth

poaltlve lnotancae on tronJunctlon and blcondltlsnal and negatlve

instanres on LncluElve dlaJunetlon¡ condltlonaln and blcondltlonal

havlng greater dlfflculty. Thua poattlve and negativs lnstances

are exFected to dlffer for alL rulea axoept blcondltlonalt

r¡hll.e the bleendlt!.onal Ehoutd be roore dlfflcul.t than other

tuleg.

I. Mathed

a. Deelqn end Eubleete. - The aubJects ule¡e 8O undergraduate

paychol,ogy studente uho took part in thie experlmant as e

courae requlrement.

A 4 x 2 repeated maaaures 'Paetorlal deslgn rma used ulth

the varlables (a) conceptual rule (conJunotlon, lncLuelve

dIsJunetlon, cendltlsnal and blesndltlsnal)r and (b) Instance

(poslttve and negatlve). Tuenty eubJecte taere asslgnsd to

one of the four rulea at random. Each subJeot ürasl F¡eaented

r,¡tth a dlfferant concept tn r¡hleh the relevant attrlbute val'uEs

had bean randomly eelected. the seguenÊe of inatanoeB prBsented

tÉ i;he eubJetrt ¡¡as the same for all subJeeta on all rules, end

Conslsted of B0 stlmult ln random ardelr l.Gt.¡ the orde¡ of

poaltlve nnd negetlva lnetancEe uas rendom. The ratlo of

the numbet of potsltlve ta negatlve lnstances varled for dlfferent
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(a) Con.Iuncülsn AnO

Ie tA?

Y

Y

Ia IB?
I

Negattve

I
Ie lt B?

Poaltlve Negatlve

(b) Inoluelve dle.luncttsn AUB

Is1

Y

Posltlve

A?

Ye

J
Poettlve

I

ts

tlve

FIEURE 6. Declelon trEee for cleaatfytng lnstancea
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coneeptual rules - conJunctlon 1¡8r ineluslve dfsJunction 5t4,

trondltlonaL 7tZ, bieondltLonal 5ttl.

b. 9tl.mull. - The etlmull conelsted of geometrfcal daslgns

vasylng atrcoDdlng to four att¡lbutes, u¡lth each attrlbute

havtng three Valuee, The attrlÞuteE and thelr vaIuBB ueDB

colout (red, greenr and black), shape (crossr cfrcler and

equare), number of flguree (1¡ 2r and 3)r äFd number of bo¡ders

(0, I, and 2). Eaeh etlmulus uas contalned sn a 35 mm slfde.

Out of the 8l dlflferent patterns, onB uras randomly ellmlnated

bEcauee of the llmlted cÊpatrlty of B0 elldeE for the pr'oJector

ueed.

cr Apparatug. - Sll,dee u¡ere ploJected onts a Berssn placed

appeoxlmately LZ feet from the aubJect urlth the a1d qf a Hsdak

Earoueel 35 mm projector. A cont¡O1 tlrne¡ urss tronneqted to

the proJector so that a neu sllds ulaa preaented every IB seconds.

trlhenEve¡ a neLr ellde appeaeed on the BEr'Eenr an BlBctric tlmer

r¡las actlvated, and aleo a buzzer sounded. Both the timer and

the buzzer breae etopped u¡hen the subJect depreesed one of ttr¡o

mqrae keys ln front of h1m. Indlcator llghts enabled the

experimenter to dete¡mlne r¡hlch of the tr^lo keys had been depressed

each tlme. The task ldgs traarled ouü 1n e da¡kened rotrm.

d. Frocedure and Inst¡ucttone. - The lnstructlons began

by explalntng to the subJect that hls taek ln thls

tsxperlment uas te uee a troncept to cetBgo¡.lze slldee lnto

thoee ulhtch brete examples of the concept, and those r¡h1ch
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uBtB ngt. Fo¡ the pulpoees af thla experlmantr a troncept uas

a rulB r¡hlah deflned Ë trErtEIn set of patterner An llluatratlon

r¡raa ptovfded ualng a dlsplay of 8l çarda amanged on a table

before the eubJect ln a eyatemntls 9 x 9 array. It r¡as polnted

out to hlm that the attnlbutes and thelD ttaluea prlnted on thE

cards urB¡B ths Eame a8 thoee to ba found on the slldea. Tha

relevant type of troncept r¡ee then explelned r¡lth the ald of

an example. The examples r.reret for conJunËtltrnr nall ca¡ds

r¡htch are gxeen and sqqts¡.ert¡ for tnsluslve dtaJunctlon, rall

carde r¡lhlch are elthe¡ gleen Br equar.e or both$¡ for condltlonalt

rrall ca¡ds ¡¡¡hlch are elthBE glsen or not squarerr ¡ and for

þleondltlonal, nall carde r¡hlch are glgen End Bquare orr nut

qreen and not EquB¡Bn. It u¡aa aacB¡talned thet the aubJect

kneùr the ganeral natu¡e of the ¡Blevant concept type by havlng

hlm count all the poeltlve and negätlve lnstanees for the sample

concept provlded.

At thE beglnnlng of the task, a concppt lnvoLvl"ng the aame

rule but dlfferent attrlbute vaIuBB braa preaented to the subJect.

Ten seconda J.ater, a ellde ur88 proJected onts the Etrean,

portraytng a pattern ElmlLar to tha patterno on thg Fards.

The eubJeotrE taek uae to decLde uhether the pattern ùras an

exemplar sr not of thle concÉpt. If !t uraa an exemplar¡ then

he depreeaed the rlght-hand kay¡ if lt uae not, thEn ha depreseed

the left-hand key. The BuþJBct ues lnetrueted that he tr¡nuld
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try to reapond as qulckly as he could ulthOut making E¡.ro¡.s.

Ten eeconds afte¡ the flrst ellde, a aecond sltde klae pres¡entedt

and eo on, untll all 80 elldes had been Ehoun.

2. Reeulta

Both reeponee tlme and oorreetness of responae uere

recorded. Feu srao86 ln categorlstng lnatEncea UtsrB made

on any eule¡ lneufflcfent for a reliable maasure of e¡r'or

¡eactlon tlne to be salculated, The data ueed ln thia analysiet

tha¡efore, üJaE Eecponce tlme fsr correct reapons6s only and

a autsmary of thl.e data may be found ln Table f5.

RuLe

EonJunctlon

Incluelve dlsJunctlon

Eondltlonal

Blcondltlsnal

TABLE f5. Responee tlmEe (maec, ) fo¡ elaeeifylnq lnstanses

ae poeLtlve or negatlve,

¿[5

rt5

I6l

329

600

553

5CI6

Ln57

t+59

58ft

780

Lg29

86

130

284

343

MEan

Poeltlve NegatLve

Type of lnetance

An analysla sf varlance uae performed on thls data tnansformed
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by a equare rost transformatlon 1n order to make the varlances

more homogeneous. A slgnlflcant dlffelentrts uee obtalned

betueen poaltlve and negatlvs lnatancesr f (I¡76) * 4.00¡

E(.0S, and betueen rulee, f (3)76)- 26.76. 81.001. The

fntEraotion betueen rules and the type of lnetance ulaa aleo

elgnlfleant, F (3r?6, - 25.26t E<.f¡Ol. A summary of the

analyale of varlanoe Le glven 1n Table 36.

A poat hoc anaLyale uslng the Nerrrnsn-lleuls test on the

effect of the claos qf tnstance sho¡¡ted thst the mean DasPonBB

tlme for poaltlve lnstancea uaa lees the meÊn reaponee tlme

for negatlve lnstances (g(.05) over all rulee. For lndlvidual

rUlBB, poaltlve lnetancaa lder.E claeslfled faate¡ than negative

lnetancee on conJunctlon (g{.0L), and sl.ou,er on Eondltlsnal

(g(.0I). No dtfferences ¡¡era faund on lncluslve dleJunctlan

or blcondltfonal. Neunnan-lleuls post hoc comparlsons betuesn

rules for þoth slasses of lnetances lndlcated that the h¡lconditlonal

took slgnlflcantty longel ts claesify than thE uther ¡ulas

(p (.0I)¡ no other dlfferences betbreen rules u,ErE obtalned.

A slmllar reeult uae found uhen ¡ulas u¡are Bompared for posltive

lnetance olasslftcatlon only. For negatlve tnEtancea,

bleondltlonal claeatffcatlon bree elouer than conditlonal

(p(.01), uhlch u¡ae slot'¡er than lnclusLve dlsJunctlon (p(.05)t

rrrhlch ln turn uae slot'rer than conJunctlon (p<.05).



Sou¡ce o? va¡latlen

BaÈu¡een aubJacts

Rulec

SubJeets tutthln gsouBa

ElthLn gtoups

Xnstanca

fnatanoe x rules

Inatance x subJaets
¡¡lthln g¡oupa
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<ær

(.05

<.001

F

l¡ltthln eell

TABLE 36. Sumnary of analysla of va¡lanes sn tranefo¡med

latensl¡ç.

3. Dteauselsn

A comparloon nay be drau,n b¡Èu¡een th¡ge rcaults and tha

predtcttone of the tr¡p approaalrca suggt¡t¡d er¡lI¡¡ to deaerlba

the eubJectr¡ behavåour on thc teak. Flratlyt the lnfe¡matlon

thaory approaeh can bE reJeetcd aa provlding a nogt uneatlafactory

set of predlctlons. Not ontry la tha lnfsrmatlonal mqdel unabls

to eEcount fs¡ dlff¡renaea ln ùlrr¡ tp elaeelfy ths dlfferent

rulee, but also lt 1E not clear uhy RBsponBEe to poaltlv¡

69.25

2.59

l.8fl

ll.6lr

1.52

0.t+6

L52

?6

t
79

I
I

76

s8

[ot.45

?97.?6

[96.69

7l,.Bl

55.8{

l1z

14.

84

9!

t73

l.

26.97

å.ff!

?,5.26

D.F.5.8. ?Þ1.S,
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lnstanses uere not qulcker than to negattve lnetancEs for

lncluslve diaJunctlon and bleondltlonal. Xt te obvloue that

Hlckrs Laul does not f1t the data. The only ¡esulta uhlch

agreed r¡tth the expeeted outcomE acoo¡dlng to thle model ruare

the ¡elattve response tlmes for poaltlve and negatlve lnatanceE

rn conJunetl.on and on eondltlonal.

The dEctelon modEl glven ln Flgure 6 on the other handt

provldes a eomeù¡hat better flt to the data. Several predLctfons

have been supported, vlz.¡ (1) the rsl"attve dlfflculty ae

measured by reeponae tlme for cleEatfying lnstancEe for the

four rulee, and (z) the rel,atlve dlfflculty of classlfylng

posttlve and negatlve inetancee, both ovel all rulee and for

eaçh ruIE except lncluelve df.sJunctlnñ. The maJor dlsc¡epantry

betr¡een p¡edlctlone and ¡Eeults Is the greater relatlve difflculty

of condltl.onal negatlve and blcondftlonal poslti,ve and negative

classlflcatlon.

Another look at the declelon trees shourn ln Flgure 6

suggeats that these discrepant results may be escountad for

by postulattng ùhat clasElflcatton tlme may vafy s119ht1y

for dtfferent aubclassas of lnstances. Evidence tndlcattng

that cetegorlzatlon tf"me 1s affected by the numbe¡ of relevant

attrtbutE veLuee in an instance hae already been demonEtrated

for conJuncülon and tncluelve dlsJunctlon (Nlcke¡son and

Feehre¡, 1964¡ Nlckerson, t96?)' Theae uo¡kers found that

rgtrptrnE¡e tlme for nagatlvB lnetancea on conJunctlon and positlve
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lnetancee on lncluslve dlsJunctlon varled dlrectly ulth thE

number of ettrlbute vaLues presgnt [n the ettmulua. They

aleo found that responee tlmee for posltive lnetances on

conJunetlon (1.e. all relavsnt attrtbute vaLueo Pr'estsnt) and

for negatl,ve lnstantrBa on lntrluelvE dlsJunctlon (f.€. all

rglevant attrlbute vglues absent) uB¡lE lees than expected

from exttapolatlon from tlmea for negatlve conJunctlve and

Fositlve dlsJunctlvE lnetanoea r'eapatrtLvely. Xndeed, rseponee

tlmee and E¡aote made sn poalt1ve conJun6tlve lnataneea eÊBm

mote trompasable tllth the rBBponBB tfrnEs and e¡¡o18 made on

those negatlve cgnjunctlve lnatances ln r,¡hlch all rElevant

attrll¡ute valueg ùrerE EbsentÒ Slmllarlyr rBoponse tlmee

and Bttota on negatlve dlsJunctlve tnetancea sBEm to closely

r,Baemble tha responee tImeB and ërrora for posltl.ve dLeJunctlve

lnstances In r¡hich a!.I ralevant attrlbute vÉIuEE I'JBIB PrEssnt.

In other kr¡Dds¡ the longeet latenclee apPear to have occurred

for thoee lnatances in urhlch¡ ln the caEe trf tr¡¡o relevant

attrlbute values¡ orìB att¡lbute value ie preeent and one ah8Bnt.

AppLylng thle o¡¡srvatlon to the declslan treE model does

help to pxplaln sone of the ¡esults LJhICh are dlscrepant uhen

!t le aeaumed that aLl deClslona are of the same dlfflculty.

For example, 1t provldeE an explanatlon r^rhy negatlve trtndltlsnal

and negattve bleondltlonal Inetantres requlre long claeslflcaüion

tlmes. If a uelghtlng factor ls int¡oduced ùo make all'ouanoe

for the variable frequencles sf each subclass of lnstancet
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there !s a suggeatlon uhy a stgnlflcant dlffg¡ence uae fsund

betrr¡een poeiütve and nagatlve lnEtancee on trPnJuntrtlÚnt trut

not Bn lnqluslve dlaJunctlon. A furthe¡ postu¡.ate, houlevert

le neceeeary ln addltlon to ühe obee¡vatfon taken frsm Nlcke¡sonrs

atudles tn srder to account for the lonq latencleE obtalned

fo¡ ulaaelfytng poaltlve !.nstancea on the blcnndltlonal.

Thls ls that the claaelftcatlon ae posltlve Lnetancee ln

t¡hlch both relavant attrlbuùe vãlueã are abeent may be efgnlficantly

more difftcult thEn the classlftcatton of lnEtancBB contalnlng

both attribute Valuesf Hore experlmental r¡ork 1s neceeaa¡ty

to tect these hypatheaea.

t¡lhatever the praelce naùulE of the declelon model appllcable

to thle altuatlon, ühe raeulta of this expelll*Ént have lasqely

conflrmed the proparltfone put forroard absut atage one of the

pxoEEsE eomparlng the feedbaok on Én Lnstance r¡lth the predlctlan

for that Inetanca by the hypothesl.s under test. Flrstlyt It

has been found that the eaee !¡lth r,¡hleh lnstancva BrB cla'eelfled

does depgnd on the rule. In partlcular blcondltlEnal lnatances

have been found tu be the moat dtfftcutt to aategorf.ee. Thls

conflrma the suggestlon mada ln Exparlmnrü IX that the IEU¡ number

of Inatances reoalled on the blcondltlonal h,as Bn lndlcatlon that

mo¡e info¡mÊtlon ulaa belng prtreeBaed on Batrh tlf.al for thls rule.

Secondly, tt hee been found that Fosltlve lnstancee are eaef'er

to clasatfy than negatlve lnetances. Agaln, thle aupports the
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hypothesle mada ln Experlment IX that the bettar rscall of

paeitlve lnstances than negattve fnetancea b,BB lndlcattve

that leae lnformatlon 1a protrBaasd on each posltlve tnetanee

than negatf.ve lnstansÉ. Th1rdly, there urae an lntoractlon

betureen the rule and the type of Í.netance claastfted sLmllsr to

the f.hteractlon found ln Experlment IX betr¡¡een the rule and tha

type of lnetanse rocelled. In thLe there ls one reEult t¡hlch

cloes devlaÈe from expeetatlon. 0n thE blcondittonalr no

dlfference k¡as found betuEen poeltlve and nagattva fnatancae

on olasalflcatfon, but poaitlve lnstanses ulere slgntftcantly

better ¡Eoalled than negatlve lnstaneesr This reeult mey

perhaps reflect the tendency noted ln Experlment UIII to

avold eelectlng FF poeltlve lnEtansEs on blconditLonal' etnce

1t hee alreedy been hypotheatzEd above that thls subclaes

of Lnatanoee aae moEt difflcult to class1fy.

Eonelualon on oroc€Bg descrlotlona of canceptuel behaviour

In the precedlng and the preeent chapters attempte have

been madE to losk at conceptual behavf.ou¡ Ln üe¡me of the

FrocBEBBs underlylng thta behavloutr. fn theEe attempte tulo

dtfferent technlquee have been employed to Infer such protrEeees¡

In the fl¡et part of Ehapter lr, ths techntque adopted h¡Es to

try to conet¡ue the natu¡e of the procesa dl¡ectly from the

sequence of eholces and/or the ve¡bal report mede by tha

subJect. Seve¡al examplee uefng thls technlque uere dlsmleeed

as unreltable o¡ lnvalidt but one approach u¡ae trled uhlch
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Frodueed trn account of behavlsur ¡lhtch appeared ts Ehou esme

eoneietency r,rlth other evldenoe. fn thlo approach øubJecte

urere glven extenslva tralnlng on the taek r¡hlch lt r¡as aupposed

ueuld facflltata the maklng of lnfersnces about etratagfes.

Deapite thla, the expertmenter t¡aa etlll l.eft ulth a oertaln

dlesatlefaotlon that he may be lmpoefng hle obrn Freccnceptlons

aþout the proceso ento hLs claesffteetlon. Poaelbly lndependent

Judgea could be used to cvercome thfa probJ,em to some extent.

In eftuatlone üJhere nE pretraLnlng 1a provldedr houevelr 1t

la dlffleult ts aee that thts apprsaeh l.s Llkely to yleX.d

much helpful lnfo¡natlon about the underlylng procBas, A

slmllar technlque uaa deecrlbed ln the early part of ühe

prasent chapter. Thle hraa Levtnele procedura far lnferrlng

the partlEular hypatheste held by the aubJeet f¡qm hts rEsFDneEg

ts a aet of blank trlaXe. Ence ageln Levf,nere EuhJeete uere

provtdad r,,¡f.th detalled lnatrr.¡etlona and pretralnlng. Xn the

abeance of such prellmlnary êxperlence tt may be uonde¡ed hotd

sueeesefully LevLnere method could be ueed to ldentlfy hypothesee.

Another factor detractlng from the blnnk-trlala teehnlque ls

that lt la posalbl.e eomettmas to lnfer an hypothEel.a even

uhen the subJect ls respondlng randornly.

Mcthods auch aE theae may be ueeful on exploratory or

prellmlnary inveatlgatlone. A preferai¡Iø tachnlqua for uEe

on more extenslvE studleE fe modelllng, In thLa approach
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EevEtaI posslble atrategiea for eolvlng problama EIB dBvX.Esd

and then an BxpeslnentEl eltuatlon 1o aet up for urhloh th¡eo

dlffsrent etretegles rnake dlffe¡ent pscdlctlons absut behavlour.

The partlaular msdsl udrlch ps8dttrt8 çlolt qeEullÉt6ly thc aubJectts

pcrforreaneo may Þe legarded aa ref¡.gctlng moat cteesly the

FrspErtlg¡ of the ploElEB underlylng behavlgur. Thla ls

the appreaeh ¡¡hlch hac been uttllzod fs¡ ths maat Pa¡t ln

the r¡mslnde¡ of the tuo ehaptera. the Uo¡ful'nea¡ Ef ¡uoh

an apprsach 1a that tt depends sn ths I'offi¡¡,stlo¡ of teetable

FredlcÈlgna about behavlour, thr end Frgdutrt of uhleh nay

Bsmetlm6¡ be the extsnelon of Exlstlng knoEIsdBB of tha Eendltlone

lnfluenclng brhavloutr.

the numbgt of suggeetlona for futur¡ expellnentg !n the

praaÊnt chapter b¡q¡¡ ultne¡a to thl¡. blhethEr Bn 8qu6l Þa

greuter contrlþutlqn tE the ¡atabllshr¡ent of emplrlEal Ia¡¡s

betueon lnput end output lc llkely to be raEde ulthout sefelBno6

to procaEs nodel,a lE a matter of oplnlon.
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EHAFTSR 6

RULE LEARNINE

At the beglnnlng of thle dlese¡tatton Lù u¡ae stated that

a conespt conslata of tr¡o componentst the ¡elevant att¡lbute

valuEs and thE rula ¡elatlng the relevant values. fn the

past three chaptere tde have been tronoerned r'¡lth p¡oblemË of

attrlbuüe 1dentlfloatlon 1n ulhlah tha subJect [e lnatructed

on the parttcula¡ rule lnvolved and 1g requlred to dlecover

the unknor¡n att¡lbute values ¡,Jh1ch are relevant. fn studles

to be esneldered ln thLs chapter lt la the rule uhlch ls unknoun

and the relevant atürlbute valueE that are gLven. Tagka of

thls type havs been termed rule learntng (Haygosd and Bourne, 1965).

Dlfferencae betueen rulea

Experlments an ruIE learnlng have cOncentrated for the moet

part on the four baslc aulBB, conJunctlon, lncluelve dlsJunctlonn

eondltlonal,, and btcondltlonsl. ThEse rulea uhen ueed to

relate tù,o etlmul,ua dlmenalona have been found to dlffer slgnlflcantly

ln dtfflculty for nalve auÞJecta and the ordBr of dlfflculty

hae been generally agraed to he the same aa Ln the prevlous

sentence, conJunctlon to blcondltLonal..

ft r¡ould seam that tha ¡elatlvE dlfflculty of rules ls

lndependent of r¡hether the etlmulÍ are geomatrlcal deslgna

(e.g., Haygood and Boutne, 1965) or verbal materlal. (Dl Vesta

and ülalla, \969), uhether the task la paced (e.9. r Bourne and
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Buy, l.96$e) or unpaced (e.g., Bou¡ne and Guyr l96$b) of the

numþe¡ of l¡relevant etlmulus dlmenslons (HaVgood and Steveneont

Lg67)¡ Erid of thE age of the subJect (Bourne and OrBanlon? X970).

Al.1 studf.es, but one by Blambra (197O), have uttllzed the

receptlon procedu¡e ln uhlch a randomlzed sequentre Ef lnstantrBs

has been presented typlcally u:lth the const¡alnt that there

be elther equal numbers of posltiVe and negatíve Lnstanees

(s.g., l-laygood and Bourne, 1965) or equal numbe¡s of TT, TFt

FT, and FF tnstançea (e.g., Bourner L967). The sane order

of ¡ule dlfftculty hae been feund ln EaEh EasE. In one

experlnent BournE and Guy (I968b) presented eubJects r*llth thnee

typee of çtlmulus sequenae$ - aII posttlve, all negatlve, and

a mLxture of pos1t5.ve and negatl"ve. The results clearly ehoued

that perfo$nance on all rules (conJunctlen, lnEluef,ve dleJunetlont

and condltlonal) ulas best r¡tth Èhe mlxed sgquence, contrary

ta expeetatlon from lnstancE contlguity conslderatlons.

Mo¡Eove¡, a sör4parLson betueen the trlals to eolutlon data

for the all, posltlve and all negatlve sequences dld not reveal

the typlcal reeult obtalned on attrlbute ldentlflcatlon.

Indeed, for conJunctlon a negatlvs Eequence seemed to lead

Èo golutlon ln fer¡er trlalE than a poeltlve aequencer rrrhlle

for sondltlonal a posttlve sequance produced sllghtly better

performentrÉ than a negatlve aequence. For lncluslve dleJunctlont

the¡e uEB a cleat aupertorlty ln performance Produced by a
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prsltlve E¡equentre trver' that produced by a negatlve E¡Eguentre.

Thle flnding urould seern to euggest that the type of lnstancet

posltlve or nEBatIvE, urhich lncludee the maJorlty of the four

stlmul,ue trlaasgs, TT, TF, FT, End FF, leads to more rapld

eolutt on.

The plausiblltty of thla BxpLanation le cl"ear¡ lules

Gan trnly be fully dlffarenttated uhen the truth value of s6ch

of ths four classee Ls knourn" It ts lmpoeslble ts dlecrlmlnate

betr¡een conJunctlve, lnclustve dtsJunctlve, condltlonal., and

btcondttional rulee r¡her¡ the t¡uth value of only TT Lnstanoee

le knouln. The rasult ofan experlment by Haygood and Devlne

(f967), houevel, uould eeam to be ln eonfllct t¡i.th th18 asÉertlon.

They ehoued that aa the proportlon of posltlve inatances contalnlng

both ¡elevant attrlbuta values u¡as l"nc¡eaeed for lncluÉ1ve

dlaJuncttva end blcondÍtlonaL lules, the numbe¡ of errors to

trrlterlon became lese. The range of g (TT) exarnlned by Haygood

and Dev!.ne b,as betu¡een 0.2 and 8.8. Elearly, lf g(TT) equalled

J..0¡ there le no rlray that sUbJecte could Iearn a dleJunctive or

a þiconditlonal rule frqrn the attmulua EerlBB. Vet an extrapolatlon

of Haygaod and oevlnara rasult t¡ouLd Lead ue to predlct that feùrer

Brrors to s¡lterlon uould þe made under thls condltlon. |\4oreovel,

for the procedure empl,oyedrlÈrereby problem soLutlon ua8 troncluded

f¡om a tun of 16 correct eategorlzatlons¡ thte le uhat mlght

be reaeonably expected. The confuslon sEBmB to be derlved



?62.

from the confoundlng of the testlng aequence and the tratnlng

sequgntre. Posslbly, Haygood and DEvInere flndlng doee hold

r¡ithln the range tEeted. HÐrrrevar, to properly substantf.ate

thla, a repJ.lcatlon study Is neceseary ln uf¡lch test trla1a

sre not eubJect to the sama tronEtralnte ae learnlng tr1al's.

Recently an Exparlment by ËiambDa (1979) has clalmed an

order of tule dlfflculty r,lhlch Is dtfferent frsm the trend

of other etudleen In thls experlment condittonal and blconditlonal

rule leatnln0 problema brere preaented to one gf,EuP of subJects

atrcqrdlng to the eelactlon paradlgm and snother grouP of

aubJecte yoked to the ffret group astroldlng to the recepti.on

paradl.gm. Elambla repo¡üed thaü eondltlonel rule lealnlng

uras mBrB dlfflcult than btcondltfonal ¡ule learnlng. It ts

assumed that thle flnding Ig true for both Eelectlon and

receptlon eubJecte altheugh no dlrect comparleona tdere made

betr¡eEn tha tr¡o Faoceduresr EfambrEle actruunt of hle flndlng

ulas that thE relative dffflculty of ¡ulee vafj,es sccsldlng to

the percentage of poeltlve and negatlve lnetancee Encountered.

No emplrlcal aupFott for thls explanatlon uäs clted by Elanb¡a

and from the evtdence dlecueeed abeve 1t r.,.ould eeem unllkely.

At the aame ti.me thBre apFBa¡'B to Þe no othar altsrnatlve

explanatlon to account for the dtecrapancy betrrraen Glambrare

reeult and the DBsultE of other etudlee ExEEFt that Elambta

employed prlmarlly the eelectlon paradlgru uhereas the receptLon
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procEdure uae used ln aII other studles. !n vf.ea¡ of the

lnexpllcable nature of theee rssultsr a DBplleatlon BxPEId'mEnt

uras trarrlEd out uslng a 88IEtrt|on proeedure to determine the

otder sf dlfflculty of ¡ules Bn r.UlB learnlng and to lel.ate

thts dlfficulty to the type of lnetancee 681êtrted.

Experiment XI¡ Rule lea¡nlnq Ðf Eoncepta uelnq Ê gelig!-!g-n

proEedurg"

l. Method

Er. Subleets and Des1on. - The eubJects ùJEre 12 undergraduate

etudents randomly selected f¡om the first yeal PooI at the

UnLvErelty of Adelalde. Nsne of tha aubJeots had taken part

ln a concept learntng experlment bEfo¡e.

A randomlzed hlocks etngle facto¡Ial deslgn (Haysr 1963)

uaa employed In uhlch the L2 subJecte ùrBrB FrBaentEd t¡Lth faur

problema, each pIobIBm lnvo1vtrng a dtfferant ¡ule (conJunctlont

lnclustve dlaJunctlon¡ condltlonal, and blcondltlanal). The

ordEr sf lndlvtdual rulets and palDe of nulea u,gre þalanoed

over all subJeets. The ral'evant attrlbute values on sach

problem Lre¡.B chgsen at aandtrm from the 54 poeslble palrs of

attrf.butg value comblnatlons of tr¡o ett¡Lbuùee.

ll, Stlmutt. - The etlmull conelsted of geometrlcal deslgns

prlnted sn ? x 10 cm. r¡hlta cards. Deslgns Varied Btrao¡dlng

to fou¡ attrlbutes, r¡Ith eash attribute havlng threa valueat

maklng 8t dlfferent patterns. The ett¡ll¡utee and thel¡ values
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uBrB Eoltru! (rpd, gragn, and Þlack)¡ ehape (crosa, clrcle,

and square), number of flgurEe (ln ?.r and 5), and number of

bordere (0, 1, and 2). The Bl c¡rrds u¡ErB aDrenged on a table

before the eubJeet ln a eyetemetfq 9 x 9 array.

G¡ Proeedure end Inetruct!.onE. - The detalle of the procedure

UBrB Explalned ln lnEt¡uctlone uhtch rrlere given for the eubJect

to read on a typed shEet. The nature of tha etlnulue dlsplay

uas deecrlbed and a deftnltlon glVen of a rconcept{ atr leplseentlng

Fa certaln set of these trards." It uas Bxplalned to the subJect

that hj.e taak r¡ae to dlsoover the eet of carda ¡¡hlch mada up the

concept on Each.of four probleme. For Batrh FrEbIem, one concept¡

conBlstlng of a particular eornblnstlon of t'r¡o characterletlcs

sf thaaE oarÉs, had been choeBn. At the beglnnlng Bf a problem¡

the experlmenter preeented the eubJec'b r"l,th thE tr¡o relevant

attrlþute valuee typad on a B x 1.3 cm. flle card. ThUs the

subJect had to flnd the tule uñlch dçEc¡ibad the partlcular

comblnattsn or ¡elatlonahlp betueen theae troo gtven attri¡ute

values. The subJect ulas tol,d that ühe rule ulag not numErlcelt

but a logLcal one lnvolvlng the preegncg oE aÞsence of one o¡

þqth of the glven characterletlcs. He ulaE aleo told that

each of the four problems lnvolved a dlfferent rule.

ldhen the subJect had read aloud tha relevant attrlbute

values, he Uae preeented r,¡1th an Lnltlal poaitlve lnstanca

uhleh uas randomly aelected fo¡ each problem from the aubeet
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of poaltive lnstantres having both relevant ettrtbute vaf.ueg.

The subJect then seleoted sards¡ oFlE at a tlme, to each of t¡hlch

the experlmente¡ sald ryssrr 6¡ rt¡6nf accosdÍng tO Uhather hls

cholce uraa a Fosltlue or É nEgEtlVE i.natance. The EubJEct

could at any tlme volunteer an hyFothesls of the trtnceptr but

Bnly one hypothesls uaE pa¡mittgd betr¡een aucceeslve card

Ehof.ceE. t¡Jhen a Cor¡eet hypothesle uas vBlballzedr ùhe problem

urag songidered finlehed. The Eriterlún trf a cosretrt verbal'lzatlun

hras thðt 1t should eccurately Lnclude all Earde u¡hlch urere

mBmbBrB of the concept set¡ and extrlude carde uhlch uE3E nof

m€mbers of thls eet. The lnst¡uctlonB emphaalzed that the

subJect ehould try to Bo1ìrB Batrh Problgm ¡¡lth ae feu¡ card

choiÊtse ae nêcesearyr but rl¡arned him not to guese at the concept¡

time r¡aa not lmpo¡tant.

2. Resulte

The reaulte a¡e Eufnmarlzed In Table 37 tn te¡me of the

mgan snd standard devlatlon of the number of cÉ¡'d cholces

to solutl6n ftrB EaËh aule. An analyels of vaÍLantrE uras p8rformBd

trn thls deta t¡ansfs¡rned by a squale-root transfo¡'matlon to make

the vafiances mo¡.E htrmoggneous. A slgnlflcant effect b¡as

obtalned on thle analysis fo¡ conceptual r.ul.as, E (3r35) = 9.47r

g (.00I. A summary Bf thle analyele la glvan ln Teble 36.

A poat hoc analyels uslng Neumen-heuls muttlpLe tange DompEllsEns

rBVeBlBd slgnlflcant dffferentrBs betr,¡een conJunctlon and lncLualve
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4tlE! ¡

33.7

16.4

42.9

ffiean trlate to
BtrIr¡t1sn

8.9. tslala to
solutlon

/" negatlve ln-
etaneee aplectad

TABLE 3?, Number and type of lnstanoee sel.Etrted on tut8-Learnlng.

Source of verlatlon

Beüu¡Een eubJeote

ldlthln subJecte

Rulae

Resldual

Total

<.001

TAE|E 3ð. Analysla of va¡lanqe Bn trlaLs to eolutlOn data

t¡ensformad by a Bqua¡e-root trenaformatlon.

dleJunctton (g <.05)r conJunctlon and conditlonat (g <.01)t

cenlunct!.on and blconditlonel (p<.01)1 lnclustve dlsJunctlon

F

49"6

5.4

9.6

a).5

¡.1.9

16.3

24.5

15,8

2t.6

Incluatve
dt,aJunetlonEonJunctlan Eondltlonal Blcondttlonal

3t.63

gtr.l3

43.56

30.5?

L2?.?6

Lb.52

L.53

4?

3t

,

tr
36

9.47

D rF.s,5. FFî.Ë .
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and bleondlttonEl (g(.05)r añd sondltton¡t and bloondltlonal

(g(.O5). thua th¡ eecendlng older of dl?flculùy of n¡l¡a

rrae oorrJr.nutlcn, tnslual.ve dleJunctton¡ eondltlonel¡ and

blEondttlsnal.

1Ìrr typt sf lnetcng¡s cltoasl {¡¡ars alæ exemlnsd and Èhe

ftaÐn psrcsntog¡ of negatl,ve lngtanoea aeleeted fo¡ eech n¡ls

ean bo scdt ln labla trl. Theee pcreenùegsa ts6y ba cmpered

r¡tth tha polcünttgr of negoÈlvo lnataneae ln th¡ etlm¡lue

populatton fos ¡ach typr of conospt - eonJunstlon 88.9?ll

lnel¡¡atva dlcJumtlon lr4.tËr ændttlonal 82.ffi Eml bloondltfonal

lrt.$*, A algn test tndtcstad thst a elgnl?loantly mallsr

pescsntsge of negettw lnetrno¡s r¡Ðra seleotsd than eßta PDFscnt

tn ùfre atisulua paputrtlon fol aonJunctlon (g <.@l), and ?or

lnsluelva dteJuyratlon (g(.fEl). Spcclann ranß eort¡latlons

utse Eoryutad ?o¡ aooh æneeft¡¡Al ¡ule þBù¡fisn the parcentage

of negettve lnetaner¡ a¡l¡ctad and tJre nlnb¡r of Card shotege

üo aolutlcn, þuÈ nÉ atgnL?lCant ærseletlons &ttrlE sþüalnsd.

fnetenuas bßto aloo anntr,yzed lnto thaEe oontrlnlng

both, etth¡r oner oa nstùhor o? the glnen attrlÞuts ualuee.

Ths n¡an paeoentege of ecch o? tlrrss four claaaae of

lnatanoeE aalætad le glwn ?o¡ ¡¡cÛr ¡ule ln Table l!1. Thsas

perccnùageo can bg eryarcd ¡¡ttlt tha peroentagee of aadr claas

ln ttre attwrlus populatlEft - T1 II.I9É, TF 22.21ß] Í1 22.m.

and FF lú.Si6' S elgn t¡at ¡hau¡cd tilrat guÞJesta eElrat¡d
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a hlgher peroantage of TT lnatantros (g(.8I) and a la¡¿er

percentage of FF tnstancea (g(.01) fsr eech rule¡ hawuert

there üIBDE n6 dlffereneea found on any rule betùtsan tha perccntagc

of TF and FT lnetancea aeleotcd and preaant In tha etlmul.uE

populatton. Thar¡ UBEB no algnlflcant Eo¡¡eletlenE betutaEn

performaneE and ths percantaga of lnstaneea Ee¡.scted fram

any claee.

EonJunctlon

trneluglve dlaJunetfon

Condltlonal

BieendltlEnal

TAü-g 19. Hean percentege of lnEtancee aaLectad from ¡ach

etlmulua claae for eEch rula.

J. DleauEalon

The sEeutts tndlcate that the orde¡ of dlffleulty sf rulea

on a rule-IearnLng taak ualng a selectlon procadura la conJunctlon,

lneluslue dlsJunotlon, condltlonal¡ End bloundltlenal. ThlE ta

the aema order aa haa bsen found tn other Etudlea uelng fhe

L9. !
27.?

22..3

?2.4

50.5

n.2
Zr+.6

24.2

10.7

20.5

28.6

32.9

L9,5

21.6

2$.5

u.5

TÍ FFFTTF

Truth tab]"e claaa
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ra€eptlon fp6tduË. Ofi ttr¡ oùhell h€ndr tha ord¡s Obtgll€d

by Etanbl:E (19?O) heg rEt þs.n r¡pltsatcd" Furth¡m¡sr tlt¡

s6ü.nt EùÊfEilf bg h1a o? a rslsùIÊficlrtp bctt¡3rl l¡l¡tlvr
dtf?le¡tty and túre perosrtag¡ of ptlttYr erú mgrtkc lmtcrms

snapr$tßr¡d l¡ røt appoDffir al,ttmrgtrr ¡1I thlt lgtt8r potnt,

lt m¡st bc aokrnul¡decd ülr d¡üe le urly allgÛtt' Bn thla

euldenas ne oxpl¡natlm oen b¡ ?ot¡ml fOr EiaÉ¡er¡ rr¡rult¡.

tha prresnt ?tndlnga alggeat thst tlr¡ ord¡r o? dl??loulty of

st¡ls¡ la rmsff¡ot¡d by thr typr of pma¡dur¡ ¡nFIoIBd.

@rat htrda of rrplutettorÉ æn tJrr¡¡fo¡r bc propord

ta aæ¡nt ?sr ¡r,¡t¡ dt?ltlFgnoü? 8ffi Fsütlbtt[ttrs (Bq¡¡n¡t

fg?g) scn Þ eltnlñat¡d lmÉlsËrlyo ltr¡ ?t¡gt peslblltty

euggratr tlcÈ rr¿l¡r t83 s6¡tr¡d b¡¡ the rst'r læmlng of

st!,ç*¡lu¡ pstt¡rn-r¡epts¡ oatrgon¡ eaa!,grmrta. Stttæ tùr¡rc

sss tha tsFN ßffis of ¡ttm¡U (B¡) and thg ss¡ rnÉer of

¡'espn¡as (e) for ¡ErÈ rtrle, ?rq tlrle exPlsnatlon 5 unrld

expccü no dt?fe¡nnet þ¡ù¡n¡n nrþs¡ û18ñ ta pl¡tnly fslao.

ß acsond anggaatlcn l8 tlpù ¡t¡l¡s Ðy bo eoqul¡td by foerrenlng

an prttlus ln¡tsñr¡. ærly. In ütrlr saan t{rr færr ths md¡¡

of porttlu¡ tnetsffim 6l a nrltl 6r¡ sssn¡¡ ts that nfl¡ ltksly

to b¡ l¡¡¡tr¡d. llu¡r t{r¡ ordsr o? ¡utr¡ dletùd b¡ oonJunotlut

(9 prltty¡ ln¡talrücclr tneluEtva dtrJuntim tt9) srd

þlsmdltlonal (ôÐ srd orrrdttlø¡sl (6tlr ùñtû agatn &s¡

mt ærr¡rpond to l¡h¡ oÞt¡ln¡d ordsrr n $Ì[slÉ poælbtllty
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is that rules atrE learned by focuestng on the smalle¡ and lees

varlable of the tr¡o categorlee, poaltlvÉ o¡l negatlve. gn

thf.s argugent, conJunctlon ahould be the eaelest rule, condltlonal

next, and lncluslve dtsJunctlsn and blcondftLonal most dlff!-cuÌt.

0nce agaln thle Is not the order found. A fourth pnsslÞlllty

EomBE from a Buggsstlon advanced by NeIseEl and Beene (t.962)

that concepte ale hiera¡chlcal.ly orgenlzed lnto üh¡EE levels,

in r¡hlch the operatlonE lnvolved for hlghel level cnncøpts ate

based on tules preeent ln loù¡er Level conoepte. Leval I Ie

composed of afflrmatlon and negatlon, Level 2 of conJunctlont

lnelualve dtsJunctf.on, trqndftltrnã!, dleJunctlve absence,

eonJunctlve absence, and excluelon, and Leve1 f of blcondltlonal

and excluslvs dlsJunctlon. Thls account te unsatlsfactory

fE¡ the present flndlngs lnsofar as lt ls uneble to explaln

dlffereneeE betu¡een conJunctlver lncluelve dlsJunctlve, and

condltlonel rulee. A ftfth posslble explanatlon uhlch can

also be rgJectBd le that subJects atrqulr6 rulee by a truth-

table strategy (Eourne, 19?0) In r¡hlch lnetanoee f¡om each

sülmulus claEa ln thE t¡uth tablE ele sampled. Fo¡ thle

optlmal strategy no rUIE dLfferences a¡'B exPectedr ruhlch ls

not t¡ue for thE natve aubJects ln thls Bxperlment.

Tr¡s lnte¡psetÉ¡tLons seem mo¡E pLauelble on the evldenqe

presented, The flrst euggeete that e nalve aubJect brlngs

to thE taek a predlspoeltlon for solvlng for trEnJunctl.ve concepts.



2?I.

Thfs conJunctive tendency lnvolves three aseumptlonsl (1)

TT etlmul.l a¡e posltlver (2) TF and FT stfmull are hoth negativet

and (3) Ff etlmull are also negatlve. Betrause of these tmpllc1t

aseumptlons, conJunctlve rulee ehouLd be the eastest to acgulre.

Apart from cenfirmtng thls predlctlon, tuto other aepects of the

preeent experlment lend euppert to thle propoeal" The flret

trtrnee from an examinatlon of the hypotheses made by subJegts

durlng the task. 0n almoet all problems the fl¡st bldLmenaional

hypothesls made lnvolved conJUnctlon. Secondlyr 1n most caaea

ouhJects selected only from 11, TF, and FT stlmuLua classes

prlur to thel¡ lnltlal hypotheals. Þto¡eover, for all rules

the proportlon of TT lnetances selected ulae hlgher and of FF

instances louler than the proportlon sf theae types of lnstancee

tn the stl.muLus populatfon. This i.s uhat r^lould be expected

if subjects ue¡e ueing a ctrnservatLve focueelng etrateqy for

r¡hlch the lnitial posttlve lnstance (TT) r¡ae taken aE! a fotrug.

If such a atrategy üraa ueed, then lt might he predicted that

feuer conJunÉtlve solutfons should be hypotheslzed fsr lncluslve

dlsJunctiun uhere TF and FT are both Boslti.ve. 0n thls rule

7 sf the 12 subJeets ue¡e csmest at their fi¡st attempt.

8n the conditlonal.n sutiJects r¡ho tested FT inatances prloe to

thefr ftret hypothesis aometlmes tended tq ignore sne ofl the

reLevant attrlbute values presen'bed at the beglnning of the ProblBm

and to posüulatE the solution ae a ej-nqle aüùribute value afflrmatlon.
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Since TF and FT lnEtancgs are chsaen ln tha courae of eonservatlve

focuaslng, lt f.E to ba expeeted that the truth val.uee of thase

lnatances ehould be }ea¡ned eoone¡ than fo¡ FF lnetancesn

Accordlngly, thoee rulBa for uhlch the thfrd aeeumption that

FF etlmu$. are negatlve ls lnva¡.ld r¡1I1, tsnd to prov6 morg

difftcult than thosa rulea for r¡hlch thle aøsumptlon ls true¡

Thue, condltlanÉl and blcondltlonal rulea should be more dlffLcult

than conJunctlon and lnclualve dlaJunctlon. InclueLve dlsJunetlon

ls more dlfflcult than conJunctlon because lt contravenee the

second aeaumptlon that TF and FT et¡.mult are negative. that

la, the eonJunctlve ¡ula mey be proposad even ulthsut testlng

TF and FT lnstances, but the dlsJunctlve rule la neve¡ suggested

ln abeence of !.nforrnatlon about the truüh valuEe of thepe

stimull. The condltl,onal BBBms to Þe lese dlfflcult than

the blcondttlonal for tt'lo reasong' Ftretly, becauee hls

flndlngs on the truth valugs of TF and FT lnetancee ellmlnate

eonJunctlve and dtsJunctLve rul,es a6 Pßsslble solutlonsr the

condltional subJBct ls led to test FF lnetanses soonar than

bisondltlonal eubJeote r,rho try FF lnstancea only after exhaustlve

Examl.natlon qf the othe¡ three Elaaeea. In the present experlment

tha mean numbe¡ of trlals Eplected to the flret FF lnstance

uas 11.6 for the condlttOnatr and 14.4 for the blcondltlonal.

gecondly, evan bùen an FF lnstsnee IE encauntered eubJects

Bn thg btcondltlonal requlre mora trlals to solutlsn (19.3)
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than condttlonal subJeeüs (12.0). Elearly subJects flnd

gome dlfflculty in aoceptlng the poeslbillty the TT and FF

lnetances belong to the asme category uhen other lnetantrBst

TF and FT, Eepreeent a dlffErent category.

Msre ursrk Ls nsc€ssa¡y to examlne thts lnterpret'atlon

furüher. It mey r¡el.l. be asked hor¡r lt !s that aubJecta dlsplay

a tendency touarda conJunctlve solutlong lnstead of dlsJunctive

or condttlonal or blcondltlonal Bolutlons' One ansbre¡ ts

thla questton ls to say that conJunctlva coneapts are mqre

famll.La¡ and more common ln everyday thtnklng than othar types

of multldlmenelonal concepts' Evldence !n eupport of thls

contentton le rather dlfftoult to find. Perhapa one trel'evant

sgu¡.ca of lnfo¡matlsn le the frequency trf the gonnÉst1yast

ilandnr aBrtr, and "lfn, tn the Thorndlke-Lo¡'BE (fg¡4) r¡¡ord-count'

The Lnrge magazlne eount lndlcated 138 167? øceullencas of tãnda

Ln \Tþ mllllon r,pnda, I4r85l otrcurrgness of nstrrr and 141506

occurrences ef nf.ft r t¡hlch Clearly aupporte the contentLon'

[ther ¡leeeaash mny seek to eonftrrm the usE of a cOnselvative

focusslng strategy infer¡ed ln thlE expellment. For examplet

if conEervatlve focuselng ts leaB aPP6¡.Ent r¡hen a random arxav

of stlmuLt le dlsplayed¡ the effest of landtrmlzlng the array

may be to lncrease the llketlhoad of sampllng f¡om the FF cl'ass'

The result may be a reductlon 1n the relattve dlfflculty of

the condltlonal and bleondltlonal. A second auggeetlon ls
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to conEide¡ the effect of tha type of inftlal lnetance on

d!.fferentrEa þBturcen rulee. If eubJects tend to use conBervatfve

focuaslng ftom the lnttleL LnatancÊr dlffe¡ent predtctlane

may ba made dependfng on th6 cLasE of tha lnltlaL instanser

In the present Bxpef,lrnent the glven lnstancebss frorl thE TT

stimulus clags. If the Lnltlal lnetance ¡das draun from the

FF elaae, hotevetf r¡te u¡ou}d expect mtrre FF !'natantrBa to be

chqeen r,¡hlsh shou¡.d Lead to the condltlonal and blcondl'tlonal

becomlng relatlvely loee dlfflcul.t. Slmllarly, 1f an FT

lnatance uas choeen aa the l,nttlal lnstantrBr lnclusive dlsJunctlon

and condttlonal ahuutd be ralatlvely Baelel. If the lnl'ttal

tnetance ü¡ae from the TF claaa, Lncluelve dlsJunctton shouLd

be the rule to be ¡noet facllltatad.

A aecond lnterpretat[on of ¡u].e dtfferencea lnvslves a

modlflcati.on to NslseEr and trleene¡e (1962) proposal that conceptual

rules may be hlera¡chlcally organlzed lnto three Levela. Thls

propoaal l-e baeed on the obeervatlon that complex logfcal. ¡ulee

can þa broken !.n eevaral cornponent ope¡atlona' At the firet

level !s the aLmpJ.e affl¡matlon E¡ nagatlon of a elngle attrlbute

value¡ Leval. 2 contalns rulea formed by a slnqle conJunctlon

or dlaJunctlan of tuo attrlbute values¡ Level 3 conslats of

those rulea r*hlch requlre a comblnatlon of conJunctlon and

dlsJunctlon. NelEaer and ldeenp aFsUmB that rulBa on EaGh

Ievel, of the hlerarchy do not dtffe¡ ln dlfflcultyr but thls
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assumptlon haB already been stated to bE unsetlsfactory.

Not maklng ÊnV such aseumptl.on has lmpllcattone uhlch aee[t

to flt the data rnuuh þetter. If r¡e suFpaee that lncluslve

dleJunctfon 1s more dlfflcult than conJunctionr and negaülon

le mure d1fflcult than afl"lrmatfont and i.f ule furthef, supPose

that these four cules reprctsent ühe fundanental operatlone

tn r,rhl,ch all qther rr.¡Iee ate expressed¡ then the dlfficulty
of the condlti.anal end the blconditlonal may be predfcted

by the numþer of fundamental operatlone requlred to produce

the same claaslflcatlon of instanees, Thue the conditlonalt

p.rq, may be expressEd as the dlsJunctlue comblnatlon of tt¡o

componente urhere one component ts negateu, þ U q. Slmllaely

thE bfcondltlonalr pêgr mey be anal.yzed lnto ùt¡o negatlons,

tuo conJunctlona¡ and one dlaJunctlon, (pn q) U (FnE'). The

generallty of thle lnterpretetlon needs to be tested for

othe¡ rules.

Examlnatlon of the verballzatlons of concepts by eubJecta

Ln the preaent expertment confl¡ms the cholqe of afflrnationt

negatlnn, conJunctton, and lnclualve dLeJunctton as fundamental.

operetlone. None of the tr¡¡elve eubJeete uhen verbalizing

thelr concepts fo¡ the condltlonal and btcondltlonal rulea gavs

thel¡ rEBponE¡Es In ülre oonventlonal "1f....thsnr! and of,f and

only lfr forms. Fo¡ the condttlnnal a varlety of verballzetlone

uere glven. The most common (3 subJects) lnvolved a dl.sJunctl,ve
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rulo ln tohtch one attrtbute value rrras negeted¡ trlro subJecte

EXprBaEBd Eolutlons f.n te¡mE of one conJunctlon plue tuo a1ngle

attrlbute aff!.rmetlOns¡ BnE eubJect uEsd one conJunctfon plue

one neqatlon¡ trnother subJect qBVE thB solutlon EÉ a neqated

BxtrIu61on FUlsl eevaral other verballzatlone uere also noted

for lndlvlduel. eubJeete. Fsr the bleondltlonal the most

csmmDn form (9 EubJscta) ln r,f¡Ich ühe coneept uae expresaed

uras, for examplen eblaek and tuto flgusea, otr, nat blaek and

not tu¡o flgurear.

Thle lntarpretatton of rule dlffErencea In terme sf a

modl.ftEd Etructural hlerarehy of rules stlU LeavaE unaneueted

the queetlona¡ (1) rrhy are afflrmetlonr negatlon, conJunctlont

and dtsJunctlon funda¡nentel operationa, and (2) rrrhy le dtsJunctl,on

ma¡e dlffloult than conJunctlon¡ and negatlon moIE dtfflsult
that afflrmattsn. (The BvldentrB for dlaJunotlon belng mtrre

dtfflcult than conJunctlon haa already been preaented¡ a

suggeetlon that negatlon 1s more dlfflcul.t than afffrmatton le

fpund ln Jones (1966)). The anar.rer tu both questlone aeems

to þa famlllarlty. That Le, theEe I.UIEB ane fundamental rulEs

becauee eubJacta encounter them mset often ln thelr EVEByday

experlenoe. Further, any dIffEaBnEEB þetueen theee fundenental

operatlone 1a agaln attrlbutable tq one of them occurrlng morÉ

commonly than anothsr. Eupport fEr thEee aeeertlone may be

f,ound ln the Thqrndlka-Lorge (lft+t+¡ uord-trEunt tablEa. A
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quety may bE rElBBd tn thls reepetrt about condltltrnale and

bLcandttlunals¡ ùJhy are they not baalc BPBratlone sinÞe ntftr

le qulte õomrnon 1n languÉgB? l¡laeon (f966) has rnede E suggestltrn

about the loglcal meanlng trf the connBctlvg oÍf 
" ' thenn ùrlìltrh

EeBms to lndfcate r,uhy not. tJaeonf e propoeal ls that uhen a

BuþJBct fsrma a sEntenea IIke "lf F then q'i the truth-taþIe

funetlon of thlE eenteqce Is not the sanE as that gluen ln

p¡'oposltlonal loglc Ln that the¡e are three truth valugg -

true, falee¡ and t¡lslevant - lnetsad of onl,y turo. Thus ihe

truth functlqn 1s pg true, p[ taleer Eq lgelevant, and ifr'

i.rlelevant. htaaon !s not the flrst to eonelder thla prnbl'am¡

most loglo textbooke (e.g., Jsffxayr 1967) make msntlon of It.

No¡ ie hle proposal of e three-valued loglc neul the feaalblllty

and tmpltcatlone of such a eystem are currently belng debated

by a nunrber of Loglclane (e.g.¡ ldoodruff r L97Ít). If ühe

IoBløal mean!.ng uf the Eentenee, lf p then q, le ln doubtt

then so must !t þe fo¡ the bloondttlonal eentencer P f.f end

only lf q, uhlch la loglcally turo condltlonale, 1f p then q

and Lf q then p, Extendlng ldaannra proposal tE the blcondltLonal¡

r¡¡e ù,ould expect the truth functlon to ¡ead pq true, pE faleet

þq falee¡ and p I lrrelpvent. The obeervatfon maÉe ln earllsr

experlments sn attribute f.dentlflcatlon (see Experlment f)

r¡herel.n elarlflcatlsn of tha type example of a condltlonal

rule uiaa raqut36d uhen [t ulae glven ln the lnEtructlons ln
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the form, rtlf a card ls g¡een, then lt muet be equare to be

a memþer of the concepttr and of a blcondltiúnal. rule glven

in tl¡e fomr ngreen carde ate members if and only 1f they

sre squarEsrt ref.nfo¡ces the doubt on the loglcal meanlng of

ùhege connectives.

In an attempt to learn moa6 on thts questlan of the tsuth

funqli;lsno of the conditf.onal and bleondltf.onal, tules an Bxperf,ment

b¡ae devfsed ln r,lhich subJects u€re Fresented t¡lth th¡ee eoncepte

involvlng the aame tuo attråbuto valuee, lrut three dlfferent

tulËs. The rules uere eanJunction, condltlonal¡ and blcondltlonalt

and uere ExpreËaad ln thelr csnventional forrn. The subJEctrs

task b¡as to try to dlscrlmlnats betueen theee concepts by

seLesting lnstances from a etlmulus dlsplay eystematicalt y

alranged ln f¡snt olo them. If subJects poseeas the truÈh

funuti.ons fsr theEe th¡ea rules r¿hlch fs glven ln propcsitåanal

cal,culus, then several eùrategies may be used. One rnay [re

to teet lnatancea, ene frsm each of the four stlmulus claeeeE

1T, TF, FT, and FF. The appropriate ruLe may then be determlned

from the truth values aostgned to eaeh stfmulus elase. A more

efflelent strategy r¡auld be tu ohoose an lnstance froru each

of the tr,¡o stf.nulue claaseE for uhlch the th¡ee rules prediet

dlfferent truth valueE, that ås, FT and FF. 0n the othEr

hand, if subJecte poaaess the truth functlone clained by blason

fo¡ the condLtlonal and extended for the biconditional here,
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then no diac¡l.mlnatlon betueqn the th¡ee concaPtual rulee

le poeeÍ.Þle.

ExnerLment XII rD tscrlmlnattnn baüLlegn tronceptual rulago

I Blethod

ar Sublects. - fhe EubJecta uErE 12 undergraduates randomLy

eelected fram the subJeot pool of fl¡et-year paychology atudenta

at the Unfuerslty of Adelalde, NonB of the subJecter accordlng

io thel¡ etudent ¡ecord cards, LraB currently o¡ had been

prsvlousty enrollEd tn a coutse ln uhlch tnetructlon ln loglc

uas glvan. Furthermore, nons Of the aubJeots had prevtoualy

taken part ln a EEntrBpt learnlng expBrlment.

b. SttmutÍ. - The st!.mull br€rre the same as thoge uaed 1n

Experf.ment XI.

c. Froeedu¡e end Instructf.one. - The lnstructlona explalned

'bo the eubJect that he h¡aa te ba preaenùsd r¡lth the sneceaeety

and eufflclentr epeclflcatlone of th¡ee dtfferent clasaes ulthf.n

the eet sf sarde dlsplayed before hlm. One af theae elasses

had been Êhosan by the experlmente¡ and the taek of the subJect

t¿ae to ftnd r¡hlch one. To do thl,s he uae to chooee carde,

one et a tlme, tn eaoh sf tJhtch the experlmenter rrnuld lndl'cate

uhether [t r¡ao tn the portlcuta¡ clase choaen ar not. The

subJect r¡es told that the tlme taken ¡¡rae unlmportant, only

the nunbe¡ trf ctsrde rgqutrBd to dlecover the trlase. 0nly

one attempt at the elaaa r¡ould be ellot¡ed.
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FolLoulng theae lnetructLons a L2.5 x 28 em flle card

ùJas FrËaented to the eubJect on uhlch ulere typad th¡ea eentencee

speclfylng the th¡ee trIaEsee. The senttsnçtss ld€rer

(1) Earde uhlch ara grsen and sguaae are membere of tha claee¡

(2) If e ca¡d la green, then lt must ba equare ts bE a membe¡

of the clase¡

(3) Ereen ca¡ds a¡e members of the class i.f and only lf thuy

ED8 BqUBTBA.

ft uae decided in advanee by the experlr¡enter that the ¡elevant

claee unuld be the thl¡d or bicondltlsnal. It u¡ae felt that

1f subJeuts could auccessfully l.dentify thl.E claae ErE the o¡re

chcean, then thls qonetltuÈed evldense nf thelr poaseeelon af

a t¡uth functlon e.tmllar to that ln proposftlonal calouLus fo¡

the three rulee Examlned.

2. Resulta and 0lsousslon

Nsne of the 12 subJecte uas succeseful f.n dlscrtntlnatfng

betueen ths th¡ee sentenËBs as they refe¡red to the etlmulus

rllsplay before themr Thle result le slEnlflcant on a lrl,nomlal

test (g<.001). Indeed, only trrn eubJecta even began to

aelect carde as lnstructed, and even they geve up becauee

they could not see any dlfferancE betueen the senteneee b,lth

regard to the claae apeelfleci, glven that theee tlJErE the necesBary

and eufflclent spaclflcatlone sf the cLaEs. Theee subJeots

r¡onde¡ed uhether perhape rnore lnformatlon ù¡ae neaded on the
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cundltlonal eentence to knou uhat claes eardE uhlch ¡¡rare not

green belonged. l¡lhen aeked to dEecrlbe the class lndleatEd

ln each oentEnce, all subJects deecrtbed the eet formed by the

lnte¡sectlon of grBan and aquarE for all threa eEntancee.

That l.s¡ the only true category ln the truth Functlon fo¡ eech

of theee aentences 5.s pq.

It is clear then that the t¡uth functlons for iltf, thenn

and 0if and only tftr connectlvea are not the eame as those

expected from proposltlenal calculus. Rather they uould

seem iq resEmble mErE the truth funstltrns suggested 1n Ulason

(f966) and ln thle chapter. Fulther examlnaülon of thE nature

of the t¡uth-taþLe funetlon fqr condftlonal sentancsg ls made

in the next chapter.

0n the preaent flndlnga the condltlonal and the blcondltlonal

are obvLaual,y precluded aa fundamental operatlonE ln the same

Eense ae afflxfiatlon, negatlon, conJunctlon, and lncluElve

dtoJunctlon. For nalve adult aubJects theEe lEtter rulee

appear to have rpsychologleal truth functlonsil uhlqh a¡e

equlvalent to thetr truth functlone Ln propoeltlonal laglc.

Nelnark and Slotnlck (f970) and Nelmark (1970) have lnvestlgated

thB dEveloprnent tn the understandlng of these connestlves.

ThElr findlngs are of tnùerest ts the present d!.ecuselon.

They found ùhat afflrmatlon and negatlon ule¡a underetood by

the maJorlty of subJecta, Èven Þy Amerlcan thlrd grade chlldren.
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GonJunction llkeu¡lse r¡as unde¡etood by the maJoríty of subJects

at all age3, except third grade. The proportlon of each age

group correctlv anshretlng dtsJunetlve items lnc¡eaeed gradually

urlth age but thls connactlve ¡¡ras not co¡tectly underetood by

the meJortty tn Êny group except the college-ags level. gther

flndings by Neimarkr houlever, cast doubt on thq second

interpretatlon of rul.e dlfferences tronside¡ed hBtrB- Fs¡

example, no df.fference r'lae found betr¡een Eomprshenelon of

afflrmatlon and negatlon¡ morsoverr there braa no dlffelence

bEtr¡een conJuntrtlonr conJuntrt!.ve aÞsence, and excluslon rules.

Thls ùrculd eeem te mllltate agal"net affirmatlcn and negatl.on

belng cqnel.derad aeparately, t:hete negatl.on le more dlfflcult
than affl¡matlon. At the eame time dlsJunctlen appeared to

be more dlffieuLt thnn conJunctlon. Furthermore, lncluelve

disJunctlon and dleJunctLve abEence! brele found easle¡ than

the condltlonal ExFresBBd as a dlsJunctlon ulth ona tromponent

negated. Theee results seem dlfflcult to ¡econcile ullth a

structu¡al hlerarohy lnterpratatlon of rule diffetentres.

Further evldence agalnet the struotu¡al hlerarchy lnterp¡etatlon

ctrmes from etudlee of lnter- and lntra- ¡ule tranefer effect.

It le to be expected from thls lnterptetatì.on that any ruLe

differences fo¡ nalve subJects a¡e chronlc, slnce the number

af fundamental operatlans on each rule ls unchanged. Transfer

of t¡alnlng etudlee indicate, houlaver, that theea dIfferentree
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ErB only t¡anelant, dlsappearlng t¿hen eubJaeta are prasanted

r¡lth a ee¡lee of prableme based on the eamE rule (Bournet

L967, 1970), $4eleover. r¡hen tranefer takes placE bet¡øeen

rulea, the tranefer ls uaually posltlve (Eourna and 6uyr I968a¡

Bourne¡ fg?fl)¡ the largest poaltive transfs¡ to a blsondltlonal

rule ls producad by tralnlng on the condltlonal. Parenthattcally

1t ahsuld be pol.nted out that t¡anafEr effeste End rule dtfflculty

a¡e confuunded [n Experlment XI. In vleù, of thls euldencet

houever, no ohangE tn the o¡der of dlfflculty of rulae unuld

be expected fs¡ ân Bxperlmental deelgn elfmlnatlng these effecte.

Indeed the outcome of eush e deelgn shsuld be to lncreaee the

alze of dlffErencee al¡aacly apparent.

ft seeme unllkely that chanBBB ln the ¡elatf'vE dlfflculty

of rulas san be accounted fer r¡llthout refe¡ence to changee

ln the etrateglee for acqulrtng theee rules. The canJunctlve-

tendenoy tntarpretatlon haa auggeeted the type of strategy

t¡hlch gtves rtee to rule dlffe¡eneea ln nalve eubJecte.

Bou¡ne (1970) hae att¡lbutEd the tnter-rule and lntra-rule

transfe¡ effecte noted absve to the acqulalt!.an by subJects

of a elmple, atlmulue-codlng or truth-tabtE etrategy fsr r,¡hlch

na rulE dlfferaneea B¡e predleted. Given tr¡o relevant att¡lbute

values, the subJect can eodlfy an tndeff.nltely large etlß¡ulue

populatl,on tnto four classeE trotleepondlng ts the fou¡

contlngenctes of the truth tabla, f,.€. r TTr TFr FTr and FF.
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Thua, ts aoLve Ény nEU rule-Iearnlng problenr, the øubJeot

needs only tu learn the asslgnment of these fou¡ clesses to

the buro xesprnse categorlee, poeltLve and negatl,va, The

maJor dI-iflculty ln aoqulllng thls optlmal stretegy aaerrs

üs be to attEnd only to thoee df.menatone ExemplS.fled by ths

relevant att¡lþuta vaLuee uhlch are glven, and to collapee

over trrelevant ve¡latlons Ln the ettmull (Border and Hlng,

L967). geveral rrraya to avertrome thls dtfflculty have been

suggested. For example, Bot¡le¡ rnd lllng found that requlrlng

subJeets to verballze a rBEBon for each cholce before maklng

1t facllltated Eolutlon. Eourne (L96?) suggeotad a dlfferent

method¡ pravidlng subJacta u,lth a aample pattern lllustrating
tha four stlmul.us classes and thelr DBBpBnee aeelgnments,

Impllcatione for comolete lea¡nlno

In thLa chapter ure have bsen concerned r¡lth concepùual

probleme in u¡hleh euÞJecta are glven the relevant attrlbute

values ef tha coneept and requl.red to learn the rule fo¡ csmblnlng

them. ln ea¡ller Bhaptera euþlectorÍ€rre glven the rule and

requiced to ldentlfy the relEvant att¡lhute valusE. It may

¡easonably be aeked uhat the flndlnge from eÈudies sf rule

Learnlng and attribute Ldentlltrlcatlon csntrlbute to an unde¡standlng

of bEhavlou¡ on a taEk ln uhleh both the rule and the rEleuant

attrlbute values are unknour, that fe, complate concept J.aarnlng.

8ne fundamental queatlon In thlE regard La conce¡ned uLth
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rrrhethe¡ the dlfftouLty of complete learnlng ls equal to the

eum of the dtfflcultlea of lule LearninE and attrlþute

ldpntlfleatLon. Uery llttle attentl.on sEsIIls to have been

devoted to thie baslc queatlon and there la a need for fu¡tha¡

research. Hourever, accordtng to Èlaygood and Bourne (1965)t

the dlfflculty of oompl,ete laarnlng measu¡ed Þy the numbers

of t¡lals and e¡rors to solutlon le greater than the simple

sum of rule learnlng and eÈtrt bute ldentlftcaülon dlfflculties.

The tncreasEd numþerf triala and errox€ may merely be an

tndloattsn of a greater emsunt of forgettLng of lnfo¡matlon

on thE mtrre dlfflculü complete-lea¡nlng task. 0n the othe¡

hand, It may be suggeatl.ve of a qualltatlvely df.fferent strategy

employed on cnmplete-learnlng taske cornpared ulth rule-lea¡nlng

and attrlbuta-ldentlffcatton teEke.

ldhat ktnd sf approach to eomplete learnlng ls approprlate?

Clearly a t¡uth-table etrntegy cannot be ueed slnce the ¡elevant

attribute vetuee Ere unknoun. Llker¡lee a Bons¡Brvatlve

focuaslng atrategy 1ø tnepproprlate unLese tt ls knoun that

bhe ruSe ls conJunctlon. It t¡ould Êppear thEt the subJect

haa open to hlm at least t¡'lo alternatlvEEt (1) atraume a

partloular rule and then attempt to ldentlfy the relevant

attrlbute vaLuee¡r o¡ (2) assume a partlcul.ar set of ralevant

ett¡lbute veluEs and ettampt to forflulate the partlculer rula

comblnlng them. The flndlnga from rul.e learnlnq suggest that
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the fo¡mer alternatlve le the mtrre probable. Hoet llkely
subJecte Þegln a complete lEarnlng problem by aaauning a

conJunctlve rule and thsn atünmpt to tdentllÞy tha relevant

attribute valueg fo¡ thla aaaumed ¡ule. If the taek condltlons

ãre aFproprfata, a Eoneetvatlve focuaalng etrategy ulll be

amployed tn thlE endeevour. In the Eourae of theea seleetlons,

he may flnd (uhen a nonoonJunctlve Eolutlon la eppllcable)

exeeptlonE to hls aEsumed cl,aeeLflcatlon ruls. From thEae

fl'ndl.nge he may modtfy hle strategy to dete¡mtne the rerevant

attrl,bute valuEs. Theae modlflcatLona may oetrur B€vEral tlmea

befo¡E solutlon ls attalned. Thle dpEcrlptlve outllne fs¡
a eomplete-laatnlng atrategy raakEe the aesumptton ühat subJecta

knau hou¡ many relevant dlmenatone tha¡e a¡a ln a ooncept. rf
thLE tnfErmatton la a!.so not preeented to the eubJect at the

bagtnnlng Eü a problem, furtha¡ poeatblrltreE arlEe aoncerning

the elze of tha eet of relevant attrlbute valuee aeeumerJ by

the aubJect to be ln the ooncept,

Hunt, ß{arln, and Stona (tr966) deEcrfba EBvsDal varalone

of a nodEl for complete learnlng. Thls model dtffers frsm

the prellmlnary model outllned above ln thet the rule and the

relevant attrlbute valuea aae acqul¡ed ln parallel lnataad

of eequentlally. A beslc verelon (8L6 - l) of Hunt et al.re

model ls composad of ùhe {'olloulng stepe¡
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(1) A sEarch la made for eomo cha¡acte¡letlc o¡ set of

characterietlcs uhlch appear ln the deacrlptlon of all poeltive

lnatancee and never aFFsar ln the deecriptlnn of any nagatlve

instance. The characteristlc or set of Eharacterlstlcs eo

found conatltute the Goncept.

(Z> If thE procedule 1n etap (1) cannot be ca¡r1ed out; lt
la revetsEd. A eea¡ch ls mede for a set of ofia¡acterlEtlcs

r¡hleh appea¡ ln all negatlve and ne poaltlue instaneee.

ff such a EEt le found¡ then the concept te the negatfva

aspect of this seÈ.

(l) Iî atepe (1) and (2) falf¡ FtrtB t¡hlch charasterlatl.u

EFptrarE moet frequantly 1n the poaitive lnstanceg enceuntered.

Thnn aplft the avallable etlmul.f lnto tr¡¡o subsamples. one

csntalning thls charactarlstlc, the othar not cantaånlng

the charaste¡lstlc. Then, treating these tL¡r subsamplee

aa tuc subprobleme, proceed aa bÉfs¡e ln stap (I), Ê.bcrr

Ns elaf.m l.s made by Hunt et aI.'bhat tlrel¡ modeL la inbendad

aB Er representatlen of tlre eequence sf decisi.one ulhiph hunan

sutrJecte make durlng complete learnlng. Elearly 1b riakes

eesumptlonE al¡out meniory capaclty tuhieh ele qulÈs unrealfstlc

to att¡ibute to human performance. Later verslons, htrurevert

conslder the effleet uf a eys'bem ulth lllnited ¡nel¡¡CIty capaclty.

A comparleon made by Hunt Et al. qf ühe rele'blva dlfftcttlty

of conJunotlon, lnelueLve dlaJunetionr condltlonalr exclualve
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dleJunctlon, and þlcondttlonal predlcted by hl.s model. and

obtalned empirlcalJ,y for humen euhJects lndlcated the sarûe

order of ruleE 1n each trase.

0ther pqÐÊibllltlee have aleo been canslde¡ed by Nelsser

anC hleene (t962). BnE approach r¡hleh they uere abla to

ellmlnate uas rote learnlng. Cleerly a great deal more uork

mr.¡st þE done on cornpJ.ete Learnlng before an adequate understanding

of behavlour on thls üaak !.s poaslble. Research Is needecl on

the influenee on perfalrnanee of a nurnber sf task varlables.

Some r¡qrk has þeen done on rule dlffe¡encee (Netsser and

Lleene, 1962¡ Haygood and Bourna, 1965¡ Huntr Marln, and Stonet

t966) and avldence ls alss auallsble qn the effects ofl sther

paramatera llke poalttve and negatlve fnetancae (Hovlandt

1952> and lnetantrB contl,6ulty (Havgoorlr Sandlln, Yoderr and

Dodd, 1969), but lnfo¡rnatlon le laeklng on fnteractlon effEcta

betr¡eæn varleblee. Furthermole, a etudy should þe unde¡Èaken

ta. explore tranefer effects on complete learntng, partlcul.arly

!.nter-¡ule transfer. T¡ aneuer questlons on the relatlonehl.p

betueen complete learn!.ng on the one handr ãrtl rule Leernlng

and attrlhute ldentlflcatl,on on the otherr lt uould alao be

uEeful ùo lnveeÈigate transfer from tralnlng on tasks lnvolvlng

one or both of the letter to a task lnvolvlng the formetr.

Implf.eatlona for other p¡oþlem-eolvlnq tasks

One of the outetanding featuree of research r¡hlch haE
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som¡ to bs tnaludad und¡¡ tir¡ n¡brle olt rprobtrtm.ætvlngr

t¡ ttr¡ uld¡ varlcty olt üa¡ks and t¡elmlç¡¡¡ thrt hrv¡ b¡tn

d¡yta¡d, A rwnt ranl¡e o? ¡om a? Ëtrer¡ pmmúrma l¡
gtvan tn &¡¡n¡ srd EatËtg (f966)f Amrdlng to D¡noan (t$$)t
tthle dlras¡ttï 1¡ c ÐJas tosæn dty thr 8at6 o? g¡ülm

ælvtng rrræ str drrotlo¡ End 1¡ a slloul o!¡tsal¡ Þ
ayetroatlo progrelre. r Iü 1¡ auEgratod h¡¡r t{pt csnr ord¡r

ncy be Esñteved out o? Èhte rdteo¡r by rognrdtng øncept learnlng

a¡ oærtirilfi¡E ult& prslro solvtng¡ BUGù üraü neny o? tfr¡ ta¡æ

uffl¡tlylng Hravlour dsrl,wd ln rxgerlmrts ttwolutng thr

fo¡mr uey otro be tn¡¡ ln th¡ Letü¡¡. Tlnrr, Ëmy p¡ablæ-

aolvtng atudle¡ tËw bsgr Eqp¡nuú üúth thg ¡?l'¡Bt o? ¡¡t
(a.g.r Ludrlno¡ 1916¡ Satrqatarl snd R¡shet-e. 1968) ¡filefi sen

be oryeËd hûÈh thc tlgtl on tlrr eatl¡nse of atla¡lt ln coneept

laarnlng ¡nf¡rrcd to ln Ehrytar 2. OtJts¡ sù¡dl'¡r hsvs

sxmln¡d vaslsbl¡¡ sr¡cfr et æ.urt o? stln¡lu¡ verlebtllty
(e.8., Bruah, lg56)r aonc¡¡tm¡lg ot ÊbrtraGttwe (a.g'; Lorgs,

Tuctceenr Alknur. Splagelr ard ibcsr 1955a¡ t995b)r apattel

oørttgulùy af prcülæ glwntt (¡.Ð., llay, 199$)1 8t8r¡ 811

of ¡frlsh trEv¡ brtln ¡xmln¡d ln æto¡pt lcarnlng.

It l¡ furtlpl srggacted tñaû a rnmb¡l ef .B¡oblrn-cslvlng

sh¡dl¡¡ æy ba wd¡sttotd ln t¡¡n¡ of ühe n¡tc¡ ¡ñldl s¡¡

næsssarï for omblnlng Uro rclev.nt stæ¡¡rt¡ gf a problæ.
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In some traEE¡s these rules may be numerlcal, but ln othe¡s

loglcal relatlonehlps slmllar to thoae lnvest[gaüed 1n tlr,ls

and precedlng ehapters may be ldentlfied. One obvlous example

of this Ls an experlment desc¡lÞed hy Moute and Anderson (195$).

In thetr task the subJect rrrae glven certaln premises from uhieh

he had ta ¡each a speclfled concluelon through the use of glven

transfotmattsnal lules. Anothet exarnple EtrmeE from the bJork

of Dlenes and Jeeves (1965, l97B) on the solvlng Ef va¡lous

embodiments of mathematJ.cal groups, The appllcatlon of logl.cal

rules to problem eolvlng r¡¡l1l þe lllustrated hy a eonslderatlon

sf the latter example elted.

A mathematlcaL group ols a set af elementa trver r,lhlch

a blnary operatlon Is deflnedn r¡hleh ls closed, in the Bense!

that applylng the operatlon to any tr^la elementsf another elernent

ls obtalnedrr (Jeeves, 1968), The mathamatical gtoup r¡llth tr¡o

elementsr s€V a and !r hae the rule etructure glvan ln Flgure 7.

Accsrdlng to Dlenes and Jeeves, nmultlpl.yf.ngtr bV g leevee ühe

Ëtate

ab

Play

FIGURE 7. A tu¡s element grouF.

nmultlpllcandrt unohanged, and nmultf.plyXngn by ! changee the

lrmultlpllcandn from a to !, or from I to g. In mathematlcEl

a

b

EI

b

b

E
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gtsup te¡mlnology the element r,thich Ieaves thlngs unchanged

ie callecl the neutral eS.ement¡ the elament r¿hlch producee

the change ls call.ed the altetnator. There 1s an alternatlve

uay of vleuj-ng thus ¡u1e structure, hpuevel. Thls 1s to

ccnsider the tr¡s-Broup ae equivalent to a þiconditlonal rure

in uhich the outcome E, ia produced r¡henever the eane element

ls present on the turo varlablee, state and play, and the sutcome

b r¡henever the elementa for thEee tu,o vari.ables dlffe¡. Thue

ue have tuo etlmulue di.mengione, stata and play, on eech of

t¡hlch there are tuo values, a and !r and there are tuo respons¡es,

a and !r t¡hlch are fully determlned by the particula¡ combfnaÈ1on

sf stimuli chosen, If g reprBsants the state and p the pley,

then the rule producing the outcome B Ís given þy g"- 
%.

0n this reasonlng ure mlght expect eome slmi.LaritLee betueen

the behaviou¡ øxlrlblted hy Dienes and Jeeveats subJects and

subJecte on a blcondltfonel concept learning problem.

Dlenes and Jeeves ulere not lnte¡aeted almply ln the

behaviour of subJecte in eolvlng the tuo-group per se, þut

in the effects of transfer to more complex mathematical groupe

formnd f¡cm the tr,lo-group, [rJe need conslËler here only thoee

groups t¡lth four elements, Tuo aueh gToups can be congelvedt

the cyclle or msdulo l+ gttrup ln r¡¡h1ch there Ìe one trrro-group

subgroup, and the llleln 4 Eroup consisting of tulo üt¡o-group

eubgloups. The rule etructures for these groups havlng four
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elamgnta are shorüì ln Flgu¡e I, In thE abat¡act lt la dlfflcult
to formulate logloal rulea fcr these oonpX,ex groupa to predlct

the outcome of dlfferent comblnatlqns of Etatc and play.

6tat¡ 6tete

Play

d

E

a

c

d

b

b

E

d

a

b

tr

d

d

E

b

g

d

a

b

b

a

d

a

a

b

c

a

b

tr

d

Flay

cab dcba

t o Eyclto gaeup 2.. Hleln grtruf

FIE1ßE 8. Fsur eleßBcnt Broupa

Thla dlffloulty lc du¡ tE the exlateneo Ef fsur porctble outcomee

lnetead of Èhe conyentl.snal t¡n ln concaptual Etudles, Houever,

urhen the dlffErent elEmEntc arE rBFlBEEnted by aymbolo rditch

suggeat the cuÞgrsupq embeddgd urlthfn tha group, tJree¡ fulos

can bE ldentlfled more eEElly, For sxample, eonelde¡ a fEur

grouf srherE g 1o ¡Bpaeaentsd by a yeLlar,r trlangle, E by a yelløu

clrole, g by e blue tlLengle, End 4 ¡y a blue cfrcl,c. For the

Kl,eln group tun blesndltlsnala may be ldent!.?!.ed, one lnvolvlng

coloura, tfie uühe¡ lnvslvlng shepee. Thue a yeLlou ouüsome lE

pnoduced ¡rhen the eam¡ solour le preeent on Þoth varlablaø,
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Í.8.¡ I ( V )¡+ ( v )¡ alrnltrarly, a trtangular shape le the

outcome wheneve¡ the same shape le evldent onbth varlablea,

1.8.¡ 5 (ó)*tg (z) ). The flndlng thet the uee of such

aymbola facllttated perforrnantrE on thls taek therefo¡e ts

not surprlsing. No cornpa¡able lmprovement ¿¿as observed r,¡lth

the oycllc group, for u¡hich the bleondttlonal provldea only a

partlal deecllptlon of thE solutlon to the group. A eountlng

rule glves E mole adequate aceount. Thue, a leaues tha state

unchanged, ! changes the state by ona poaltlonr ! by tuu

posltlone, and d by three poeltlonel This fo¡m of solutlon

resembleE the operatlons qonc¡Blved by mathematLcal group thaory.

It 1s unde¡standahle that for the cyeltc group subJecte performed

bsst u¡ho utlllzed ¡n troperatorh etlategy, uhere ona varlable

uae held constant u¡hllat the effecte of chenglng the other

usre obaetved.

0n thls argument'performantre on the Hletn 4 graup shoul.d

ehoû, some almllarltlea to the acqulaltlon of a four-category

concept lnvolvLng tuo blcondltLonal rulaa. A taak of ùh1e

nature may be expected to prove reletlvely dlfftcult for at

Ieast tuo ¡Eaeone¡ (l) bacause the hlcondltlonal haa been

found to be a compÉratlvaly dtfflcult concept to learn, and

(2) becauae the problem neceesltatee the learnlng of tr¡¡o sugh

concepts çBncurtently. lrllth regard ts the latter, Rest1a

and Emne¡lch (1966) have ehoun that thlo requlrement placee
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a gleata¡ load on memory and consequently produces a dee¡Ement

tn performantrB on sach concept. Offsettlng theee effecte

ls ühe fact that there ara ntr lrrelevant stlmulll thet Ie,

subJects heve only to lea¡n the eorrect TBBPBnBB to eaeh

comþlnatlon of stlmull. Moreovet¡ the cubJect le I'nformed

of the t¡ue outtrome as uell aa the eo¡rectnesa of hlc rBBFtrnBe

on aach trlal.
The procedure employed by Dt enee and Jeevaa for preaentlng

lnetences uae eomeù¡hat unusual ln tr¡a uay6, Flraüly, thelr

task h¡es Bo ar¡Ënged that one of the varlableEt the etatet

could not þe controlled by the subJect unleee he knau the

¡ules that he ùdEE Buppoaed to be learnlng. 0nLy the second

varlsble, the plavr could be manlpulated Þy the eubJect.

Thus, the roethsd slF praeentatlon of lnEtancea htaa nelüher

completely aelectton nor receptlon, Þut astually a mlxture

of both. The relatlve dlfficulty of thLs type of mixed

procedure ln comparlaon r¡tth tha conventlonEl selectlon end

recaptlon proceduree hae not been tnveatlgated ln concept

Iearnlng. An argumant csuld be made, houevel, that euch

e proceduse ulhere thE aubJeet haa onLy partlal oont¡ol over

lncornlng lnfo¡matlon approxlmatea mBrB cloeely to ühe sandltlone

of learnlng ln evaryday altuatlona. It ls auggested therefore

that eelectlon and recepùIon proceduree should be regarded as

end-potnte of a contlnuum repreaentlng the degreE of control
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that a aubJect hae sver the eequenoe of lnetancea enctruntered.

An experlment to lnveatlgate concspt ldentlflcatlon ae a

functlon of thte varlabl.e neede to þe done. A eecond feature

of Dlenes and Jeeveafe procedutrE uag that before thE suteome

of a pertlcuLar comblnatlon of stata and pl,ay appeared on the

dlaplay, the Etate dlaappeared, ThuE an addltlonal requlrement

nf thelr taak ae praeented uas for eubJecte to rnmembar the

value of one of the tr¿o varlaþIea comþtned. Elaarly such

a requlrement muet tncroaae the dtfflculty of the problem.

The partleular apparatue utlltzed Þy Dlenee snd Jsevee

(f970), urhllet poaaeaalng the eapaÞlllty of a ulde range of

mathemEtlcal groupa of dlffarent eornplexlty, le comparatlvely

restrlcted ln the methode trñleh can be empl.oyed In preeentlng

the problem. The naturE sf thelr dtaplay le fllust¡ated ln

Flgule 9. To examlna EomE of the queetlone ralsed ln the

precedlng dlscusgfon an apparatue uaa devaloped uhlch uaa

mora veraatlle tr¡lth rEepect to the vartety of methoda of

preaentatlon avallable. ldlth thla apparatua it hns poaelble

to preeent probleme u¡lth up to fou¡ ele¡nEnte uslng any qne

of fou¡ procedurea - Eempleta eelectlon, state eeleetlon

and pl,ay reoeptlon, state receptlon and pl,ay eelactlon, and

complete receptfon. FurthermorE thls apparatue enahled

aubJecte to obeerve the comblnatlon of etate and play and

outcome together, unllke D:Lenea and Jeevesla maehine urhe¡e

the eame dlsplay panel, u¡ae ueed to i.ndlsate the etate and
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the outeome. Ae tn the apparatue davsloped by Ðlenee and

Jeeves aubJecte ceuld be preeented bath uith the t¡ue outcomæ

and rrllth fEedback on thelr predlctlsn of the outcome.

Alte¡natlvely the predlctlon panel could be þlocked so thEt

the subJeot paaalvely obearved the sutcome to eash combl.n:ttlsn

of statE and play, or the sutcome panel could be omltùed to

that thE aubJeet ¡eeelvEd lnloo¡matton only on dhethe¡ hie

predletl.on bras rlEht os ùraong. A dl.egram of the fuLl dleplay

panel le sha¡m l.n Flgure I0.

SevEral expLoratory exFe¡Imente bJare run uslng the netrt

apparatus. 0ne expe¡lnent aought tq examlne the effect of

provlding aubJects utth prallmtnary Experlence tn ldentlfylng

concepts lnvslvtng the þlcondlttonal on eubsequent performance

on the task of eolvlng the Ìlleln 4 group. 9ymbole bJere used

to suggest the turo euÞgaoupe or þfcondltlonals f.n the Çroupr

If subJects do solve thla group ae tuo blcondltlonals, then

tha effect of pretralnlng on thle rule ehould facllltate fhelr

performance relettve to untralned subJects.

blcondltlonal on the aolvlns of a Hleln 4 mathematlcal qroup. l

I. Method.

a. Subleotg The aubJectE uere 20 undergraduate students

1 The aaslstance of Mr. Peter Young ln thE runnl.nq of eubJects

for thle experS.ment Is gratefully acknoulledged.
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frorn the Ltnfveraity nf Aclelel.rle. Ten nf these nulrJects had

pxevir¡usly taken Fart ln Exparlrnent III ln r¡hlch they urere

glven extenelvE practltrB (?5 prthlemg) at ldenttfylng

hlcondltlsnal eoncepta' It uÊe asaumed that partlcipatlon

tn thls ea¡Ile¡ experlment tronstltuted eufflolent pretralnLng

En tha hlcondlti.onal. The remalninq lO aubJeete had not had

Eny FIBvltruB exPetlËntre ln handllng the btcsndltl'qnel and uere

taken as the untralned grouP.

b. Stlmult. - The etlmu!¡s dlaplay rrras the eame as that

illustrated ln Flgure lfl.

e Anoaratug and P¡oeedu¡e. - The appalatus ùJaE the one

descr!.þed above and the dleplay panel, t¡as ldentlcal to that

ehor¡n ln Ftgu¡e 10. Tho conrpLete sel6ctltn Procedu¡s br6a

employed. Thua trn each trlal the euhJect oould chnoEe a

particulal aymbol fsr the etate and for the play r¡htch u¡ere

labell.ed qXË and FVtr reapectlvely. lle then made hle Predftrtlon

of the truttrtrme of thle oomblnatlon, after t¡hieh he actlvated

the ngo6 button uhereupen the true outcsme of the comblnatlon

1.5.t up as dld gne of tr,¡o llghts laballed nrlghtñ and nul¡rongrt,

lndlcatlng the Eo¡¡ectnesE sf ths predlctlon¡

d. Inatruotlone. The lnstluetlons üJEFE read to thE subJect

r¡ho uae seated tn front of ths Bachlne+ The aubJeet uaa told

tha,b he r.¡ae about to play u game agalnst the mach[trE. Baeloally

there uJere thrBe ÉBLurnnB of aymbols, ttlo label,tred nxn and FYn
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r,frlch couLd be selected by turnLng knohe (demonstrate) and

cne labelled ñoutcomer rr¡hleh brae ploduced by the somblnatlon

of X and V. blhen the trgoN suttch uJaE preaeedr ÉnB of the

for¡r outcome llghte r¡ould csme tn Ês a result of the tun aymbola

r¡hlch L¡e¡e llt up for X End Y. It r¡¡ae explalned to the subJect

that he ehould play varloue combfnatlons of X and Y and Eea

uhat the reapectlve aneüJÉae or oUtcOmea UB¡'er hlhen ha knau

all the ansurgrB the problem Ùrae solved. sq that aome ldea

csuld be galned af the degleE to u¡frleh the aubJect had learned

the taak, ha uae asked to make a predlctlon ef the outcome by

lLghtlng up one of the arrobla ln Èhe trpredlcted Eutcsmen coLumn

ao that It polnted to the ansr¡er he Èhought r,nuld be olrtalnedt

befo¡e operetlng the go stúlttrh. Solutlon sf ühe Pr'oblem uas

ascErtalnEd r¡han the aubJept uaE EbIe to FlEdlEt Etrr¡'gctly

for any FqrtLcul,at pals of eymbela.

2. ,Resu¡.tE and 9lecuaslsn

The reaulte ehouEd that the medlan number qf trlals to

aolutlon u¡ae 25.5 for the group glven pratralnlng on the

blcondltlonal End 3ê for the untralned euÞJects. Elaarly

the dlffarenoe betrdeEn the medlanE fs ln the predlcted dLrectlont

but a Hann ldhltney U teat fallEd to sharll thst thle dlfference

uae efgnlflcant at the 5% Level. The fallure to flnd a

slgnLftcant dlfference seems to be due to the poor parformance

of tr¡o eubJects !n the pretralned group rrrho requlred 78 and
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89 trials ts sslutLon. PoaeibLy a elgnlflaant reault may

have been oþtslned tf mpls subJects ùJele run.

Apart from any atatLatlcal reaaonar the pretralned glouP

may not have been euperlo¡ to tha untralned grtrUp ao eÎpected

beeauae sf thE type of plellmlnary trelnlng thay recetved.

For the Klsln group ln thLe axperf.ment therE h¡EIe no i¡ralEvEnt

attributea, The subJectla taek therefore conelsted of learnlng

the approprlate outcome to each comblnatlqn sf the attnlhutee

of shape and of colour, a task urhlch aPpears more akln to a

¡ule-leannlng ettuatlon than thE attrl.bute ldentlfLoetlon

problema on r¡hlsh prelfmlnary tuainl.ng una glven. A subJect

r¡rho hae agqutred the truth-table strategy dessrlbed ea¡l1er

l.n thls chapùer should requlre a msxlmum of I t¡lale ts Eolve

the group. In othel uorde, notrB marked transfer may have

oocurred lf pretralnlng had been on rule lealnlng.

Another experlment aought to aseees the effect on perfoflnanoe

of the partial Eelectlon procedure of Dienee and Jeeves ln

comparleon to the compl.ete eelectlon procedure fo¡ the preaent

apparatue. It r¡111. be røcalted that tr,uo dlffBl¡BntrBa exlet

betuleen the tuo technl.ques for preaentlng the taek. FtratLyt

aubJects are not permltted on the Dlenee and JEevBE aPPalatue

to conürol both thB state and the play, only the play. SaeondJ.yt

subJects on the Dtenae and Jaevee machlne trannot obeerve

slmultaneously the etate, tha play and the outcome, unllke
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EubJBtrtB on the present EppatÉtuar Xt uaa argued prevlously

that theEe dlfferÊnces, Bepetrlalty the latterr ehoul.d lead

to poorer performanoe fn Dienee and JEEveEl exparlmente than

trn thg machlne deec¡lbed hare.

tha Eolvln of a llleln 4 methematlcel group. 1

I a Methodr

E¡ $ub.fectE. - ThB subJecte hrsrts l+0 undergtnduate etudenta

from the fl¡st-Veat ptsyohology eubJeot pool at the Unlveralty

of Adalefde. No eubJeet hEd prevloualy taken part ln an

experlment sn conoept learnlng.

b. Deelon. - Half the subJecta uare requlned to eolve the

HlEln 4 group uslng the apparatue deEcrlbed In thLe ohapter.

The other eubJects ùrere preeented u¡tth the same problem but

on the machlne usod by DlenEe and .leevee (l'978).

Gr Sülmulf" - The stlmull fo¡ each appa¡latue r¡JBrB tha eame

as thoee preaented 1n the peevlous expÉtlmBnt.

d. fnEtructlona and P¡ocedure. - The lnet¡uctlone to subJecte

uere slmfla¡ for both grouBs of eubJecte. Ïhey began by

expJ.alnlng the operatlon of the machtne¡ and then daflnad

The asalstanse of Mr. Peter Voung ln tha runnlng of
subJects for thie experlmenÙ ls glatefuJ.Ly acknor,rledged.

ThE author also r¡lshes to thank ProfEeeql Pl. A' Jeevae

for permlsslon to uae h1a appalatua.

1
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tha obJect of the taEk, The detatLE of the lnetructlona

uere slmllar to those glven In the prevloue experf.ment'

F¡'oþlern eolutlon urae ascertalned r¿hen the subJast could

predict correctly fo¡ any palr of eymbol.s ln the state and

play. The taak ùras coneluded after 12tl t¡lals lf aolutlon

had not occurrad beloore thlE tIme.

2. Reeulta and DlecuaElon

The resulte ars eummarlzed tn Teble 4O i.n te¡me of tha

meana and atanda¡d deulatlone sf the number of trlals to

solutlon for tha tr'n groupe of aubJeots. Ths data for tha

Dlenes and Jeeves mashlnE grouF lnclude thoee of th¡ee subJects

u¡ho had not aolved the probLem by 1,20 trlale. A unrelated

samplee t teet uas ueed to compale the performance of thE

turo nachlnes. Thls ahqr¡ed that eubJecte on Tapllnrs machlne

requlred af.gnlflcantly feunr trlals to aolutlen than subJects

on the Dlenes and Jeeves natrhlnEr 3 (38) - 4.69r E(.001.

Tapllnre apparatue

Mean

5.0.

'12.8

?5,9

3?.7

rg,9

TABLE q0, NumÞe¡ of trlala to eolutlon of a llleln l+ group

uelng tuq dl,ffarent procedures for presentfng

the proÞlem.

Dlenea and Jeeveal apparatus
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This flndtng lndicatee that the eolvlng of a mathematlcal

gsoup le a funetlon of the methEd by uhlch the problem ls

presented. The preeent expeelment, houever, does not enable

us to Etsy Bpeolflcally r¡hether the lmprovement [n performance

ie due to elther one o¡ both of the tr,n procedural dlfferenoee

noted ln the lnt¡oductlon' Further experlmenta uslng the

Taplln apparatuE and eomparlng the complete selEctlqn procedure

ulth a partlal, eelestlon procedure r¡here the aubJaot ean obsetve

simultaneouely the state, the play¡ and the outeome should

permXt the ¡olE of eash peoeedural dlfferanee to be determlned.

0the¡ pllot atudtee have been ca¡ried out on the apparatus

devtEed. For exampla, the task uae made a llttle motrB dlfflcult
by al,Iorrri.ng the subJeet feedbaek only on uhether hls predlctlon

r,ras rLght or r.rrong¡ no lnformatton UEB prouLded on the t¡ue

outcome In thE event of a urong predlctlon. As expected,

eubJects requtred msra trlaLs to eoluülon; for 12 aubJects

the medlan numþer of trlalE to eoLutlon uaE 55. It uae notlceable

thEt some aubJectE under thEee condl.tlons conrlonly dtd not attampt

to flnd the cErrect outcome after en lnco¡rect predlctlon had

been made. Thie may be lndlcat!.ve of an hypothEels-teeülng

approach to thE probl.em uhere fall,ure of e predletlon rEsulte

in reJectlon of the hypothesls and the eampllng of another

conelBtent urlth the exletlng lnformatlqn. üJhe¡e the aubJect

dld eeek the oorrect outcomer he employed a direct test of
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every poaalble outconts until- a oorrect predictiun had þeen

made, Thla ocsurred even ùrhen 3 of the tr predicted uutcomea

had been found ts be urong. In general, eubJecta dtsplayed

a tendency to change one varlable at a tlmer except ln thoae

caaes uhere they urele examl.nlng the outçome ¡¡hen X and Y had

the same values, or uhere they r,rere testing uhethar X anú Y

r'JBrE ctrrnrçutattue. From the eon¡menta made durlng the taek

It r¡¡as Bvident thai; the problem ¡¡aa eolved ae a serles of

sub-problems, each of ¡¡hlch had !.ts otm rule for so¡'utlon.

For exaarple, a numbar of subJecte dlseoverad early in bhe

taek that uhen X and Y had the EêmB symbol the outcome ûree

E yellour trlangle. They did net lnfe¡ from thts tlrat tha

same colour ytelde yellotrl, and the eame ehape produces èrlangle.

Xnstead they urent on trying co¡rblnatione to leern that a

dLfferent ehape and a dlfferent cûlour on X and V gave a

blue circle, and Es on for the othet outcomee. ThE failure

to see the connectlon betueen thE varlous suþ-probleme ules

fu¡ther eean by the dlfficulty thet subjecta had in eetalnlng

ruLea r¡hich they had prevlousl,y tealned.

GIearIy a rriora ayetanati.c program of Deeearch needE to be

puraued ln order to ånveetlgaüe edequataly Ùhe approach to

prob¡.Em aolving sdvocated here, tdl-rat ib ie hoped has been

demonEtrated le the potentlal sf thle apprsash in rela'blng

sorne of the apparently unrelated etudlea ln thls area to the
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Lro¡k trn concspt learnlng. At tha seme tlme the attempt

to account fot problarn solving tn thle hray msy ralee questlone

for inveetlgatJ.on 1n sonsept laarnlng rrrhlch have hltherto not

been consldered.
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EHAPTER

LI¡EIE AND

7

REASONING

Inducttve and dedustlvs reasonlnq

In preuious chaptere ure have been eoncerned ulfh the

acqulsltlon of concepts by a process sf lnducùIve reasonlng.

An lnductlve arEument [s one t¡hich aims et eetaþllshlng a

true concl,usion on the basls of true premisesr ulhe¡e thE content

of the Eonclueion qtrBs beyond the content of the premlses.

That !s to eay, hrg havB been examlnlng the attalnment trf a

concept f¡om evidence ln the form of lnetance€r Uhere the

concept ls supposed to apply not only ts the particular lnstances

seletrted but also to all, the other lnetances ln the stimuLue

populatlon.

The eonclusion of an induetlve argumEnt ls acceptable

lf (1) the premlees are true, (2) the argument hae a correet

form, and (l) the premlses of the argument embody all avallable

rerevant evldence (sarmonr 1963). Examplee of the effects

of the fallu¡e to fr.¡lfll the fl¡st and thlrd condltlons on

concept l.earnlng can be readlly seen ln the axperlments described

hete. Thua, the role Ef memory m6y be understood ln terms

of the flret çondltlon. Eoncepts ala more easlly ldentlfled

r,rhen the lnstancee (prernlses) a¡e correctl.y retalned.

Confuslon ln elthe¡ the par,ttcula¡ attrlbute valuee or the



J[¡6.

truùh value of tha lnetence may lead to a urong hypothesla

of the concept belng propoaed. The lmportance of the thtrd

oondltlon ta apparent in at leaet trrn u,lays. Flretlyr an

incorract concluel.on may bE due to a falLure ts eample eufflclent

lnEtancea ln the stlmuluE populatf.on. Ae a trons¡Bquence fhere

may ba mor6 than one hypothesle u¡hlch can logleally dEscrS.be

thE lnstanceo chosen. SelEctlon of one of theee hypotheeee

as the oonoapt therefore cagtee a certaln probabLllty or

rlek of e¡ro¡. Second}y, trn Íntrorrect concluslon may be

due ts a blas ln the Eampllng of lnatanoøa !n the etlmulus

populatlon. An obvlous BxamPIa of thle !e seen ln the uo¡k

on rule Learntng. Unless lnetancgs ale aelEcted from aII

four etlmulus claÊB@e¡ TT, TF, FTr and FF¡ therE 1e eome

ltkelthsod that the hypoÙheele r¡trlch the aubJeet propo6as

on thls taEk ulll be urong.

Llttle, houever¡ EiEIt l¡e sald en the baaLs of the preeent

experiments about varylng the form of the argument. tsn the

ButfatrB lt r¡ould tsaem that a1l lnfa¡encee Ehould be of the

untversal enumeratlve lnduettOn typer all obeeDved Als axe

Btsi therefore all ArB are BlE. The lnet¡uctlona ÙIEI'B

partly lntendsd to oauae 8ubJ6trts to assume thle form of

inductlve leaaoning. ftlOuever, other fo¡ms are aleo poeelble.

For example, there may be a tendentry a¡lslng from the fact

that very feur unlveraal ernplrlcal truths a¡e encount'ered 1n
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everyday thlnklng, for aubJecte to reaeon in the form of a

preValencg ggnerallzatlon. A prevalencg generalLzatlon

BxptBEBEB the lnferG¡ntre, A,ls are Brer r¡lth auch quallflers

BB rgenerallyn, nuauaLlyn, üprOhablyø, ËtendenoyF, nmostlynt

and ao on. The llketlhoad that thla type of reasonlng ls

involved, partlcularly rlurlng tha aarl,y stBgBB of the learning

p¡BÉBBEr can be ahsutn by an llluetratlon. Gonstder a subJect

eet the task of ldentlfylng the conJunctlve concept, ¡ed and

Bquarer Inltlal seleotlons made by the oubJect may tnforn

hlm that red carda atrB EomgtÍ.mee mamberE of the trontrspt.

FUrther eELeptlone then Indlcate that square cards are aLso

eometimee members of the troncept. ldhen theee tb,o prevalence

obaervatlons have been made, tha subJect 1s then ln the posltlon

of belng able ts comblne them to form the unl.versal generallzatlon

that atl IBd Ënd squale cards ara nembera of the concept.

lvlore compl.ex lltuet¡atlons can be almllarly EontrElved for

other conceptual rulea. Diecriminatlon bEtr¡een unlversal

and prevalenoe lnductlona, Bven fROm subJeetlve reportsr ls

Itkely to prove dtfflcutt elnce both forms of generãIlzatLon

m6y somstimea be expreeeed brlthout any expllctt guallfler

(Ennla, 1969). Another type of lnductlve argumentr probabllletlc

generallzatlon, 1s elEo poeatbls but doEe not seam generall.y

appllcable to the types of concepte lnvestlgatpd he¡e. A

probablllstlc generallzatlsn exP¡.essÉs thE lnference, Ars a¡e
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Bls, as a prabablllty m/n. Thts form of reassnlng BBBms

moDE approprlate 1n taake lnvolvtng statlstlcal or probeblllstlc

concepta. 0nce agaln, houever, prevalencg ggnerallzatlon

le probably lnvolved, at leaat ln the early atages, of such

taeke. Some etudLes of probablltetlc cancept attalnment

have been performed (E.g.r Bruner, Goodneur, and Austlnr 1956¡

$4andter¡ Eouan, and Eoldr 1964¡ Boutne, 1963)r but no attempt

ulll þe made to revler¡l them hEre.

Another aort of reasonlng, lnvolved perhnpa to a leeser

extEnt ln concept learnlng yet nqnetheless lmportant ln thtnklng,

ta daduetlon. In deduetlon, unllke ûnductton, the concluel'on

la suppoead to foll.su¡ necesearlly from uhat la glven. There

la no lntentlon to extrapolate beyond the eontenù of thE

premleea. H€nea for a dedustlve argument the concluslon

Ia valld lf (l) tfie premlaea ale ttrue, and (2) the argumEnt

hae a co¡¡ect lorm (Salmon, f96l). In contraet to an lnductlve

argument the velldlty of a deduetlve argument le unaffected

by any addltlonal avldence. A LoglcrLly correct lnductlve

argument may have true premlEes and a fqX,EE conclualon¡ É

loglcalty Borretrt deductlve argument ulth trua premleee muet

have a ttue cqncluçlgn.

One lnetancE of dEductlve Deeatrnlng conetdered ln the

foregolng tnvaatlgatlon qf concept learnlng la ts be found

ln the chapter on hypothaals testlng. Here eubJecta ulere
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vler¡ed ae evaluatinq an hypothesls by the teetlng of a predlctlon

made by that hypotheela about a partl.eular stlmulus. If the

hypothaale !e true, then the predlctlon aþout the eÙate of

tha etlmulue 1s true, Dapreaente the form of reasonlnþ.

Ftndlng thEt the predlctlon la trus or false has certaln

imprlcatlons fs¡ the truth of the hypothears' rn partlculart

lf the predlctlon l"a falea, then the hypothesla ls also falee.

0n the pther hand, lf the pledlctlon ls true, the hypothesla

thereby achievss a graater degree of erediblllty. If end

r,¡hen subJecte exhlblt behavlour sf thts sort, they are employlng

a fo¡m sf deductlva reaeoning knoun ae condltlonal reaeonlng.

In thte chapter ue ehall examlne tha nature sf human

deductlve leËÊon1ng and eomE of ùhe variablea uhlch csn effect

the loglcaltty of thle p¡oceaar To begln, hourever, lt la

nBcaasary to descrlbe the tr,.lo maJor types sf deductlve reasonlng

(Ennisr 1969).

Tvoes of deducttve reaeonlng

t ELaas reasonlnqa

Befo¡e dlecueelng cless reaeonlng, t¡e muat ftrst explaln

r¡hat ls meant by a categorlcal stetement or propoeltlon. A

categorfcal etatement contalna tuo termsn a subJect te¡m and

a p¡Ëdlcete tem. Each te¡m sÈandE for a claee of thXngE.

thls, rAls a8ê BteE ls a categorlcal statEment. The content

of a categorteal etatement depands on thE classes refE¡red

to by the auÞJect and predlcate terme. Fou¡ forme of categorfcal
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stãtemente can be produced, and theee have baen t¡ad!'tJ.onelly

denqtEd by one sf the flret fou¡ vouele. Type A lE the unLve¡eal

afflrmatlve, and le of the forrt, aall Ala are Slstt¡ type E

!s the unLvareal negati.ve Uhlch hEe the folm, ono Ale trr.E Bl6u¡

type I ls the parti6ular effl¡n1atlve and reods, treom€ Ars are

Brerf and type CI, ths partleular nggat[ve, [s expreased neome

Are are not Bren, CategorLcal propogltlona than may be unlversal

or partigulaD, and afflrmatlve or negatlve. It ehould be

¡aallzed thEt there le mErB than one utay sf expresslng each

etatemEnt. The above f6rms ats mersly ühose adopted conventlonal,ly

ln dleeusalng each typef a llet of equlvalent ExFrEaBtonB of

A, E, rf and CI proposlttons mey be fsund ln salmon (1963).

lrle mey notB hËf,e that the convBssB of a categortcal

proposltlen ls n6t nBtrEeanrlly true. By eonvøree ie meant

the lnterchanglng of the euhJect and tlspredicate. The converse

of E 1s necesaarlly true¡ i'f n0 Afs ate Efs, then obvlouely

nO Bre ãrE Arer The conVerBs Of I lg aLeo neegssarl.ly t¡Ua.

But the convetrsee of A and tt proposltLone aaB faleB. A elmple

method of flndlng the truth or falslty af the converea ls to

use thE Eulerfc clrcLea technlque. Thie appaoaeh r¡11I not

be deecrlbed here, but can be found ln many elementary logltr

texte (Ennler 1969).

Claee o¡l oatagorical reaaonlng Bccura tn argumente cornposed

antllel,y of eategotlEal etatements. Apart from the convelaet
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tha sirnpleet categollcal argument 1s the categorical eylLoglsm.

A uvttoglam ls an E¡rgunent r,¡ith tuo premlses and a conolUsLon'

In a categgri.tral sylltrglsm ùhe premlsea and the EtrncLuelon aIE

each composed af statemente connecttng t¡¡s teme Of claes¡eãt

yet the r¡hole syllogism haa onLy three different te¡me. lne

sf these terma occurs i.n hoth plEmtFBE and ls calLed the

trmlddle termrr; the ethær tt'n terme, rfend termËû, occur In

onLy ene premise and ln the caneluef.on' Thus, a genetal'

illustration of a categarical sylloglsm ls the fnlLouLngl

Ars are Ël3s; Brs are Cre; therEfore Als are Ers. In tlris

case the tongluËlon ie valld. Ho¡ever, ather erguments mEV

alss be considerecl trlhere the conclusLon does not laglcally

follqur far exampJ.e, Ats ere 0rs; Ers a¡e Grel therefore,

ArB are Brs. Thue, many forrns of eyllogf.sms can be coneBlvedr

esme of uhl"ch ate vaLld, trthgr.s l"nvaLld" The valtdlty of a

eyLloglsm depends sn tuo things¡ flrstlyr r,rhtch of the four

types of categorical statements a¡e lnvolvedr and secondlyt

the posltlons of the mlddle term and the end terms. Tr,.m syetems

have been developed by Loglclane tn asslet ln determtnlng the

vatidlty of a sylloglem. The flrst teehnique le Eulerre ctrclee

and a dlscusslon of thfs can be found ln many lntroductory loglc

texte (e"g., Ennis, 1969). Tha eecond Le a rystem of three rules

based on E concept of dlsü¡lbutLon (Salmon' 1963)' A te¡m le

aald to be rllstrlbuted In a eategúrlgal statement lfl that

statement eays something aþout ea3h End sve¡y mennber of the
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claes that term deslgnates. It ls outelde the ecope of thls

rliscussion tu explain further the meaning of thj'e concept ot

hou it is ueed to rlerive the rules fo¡ testlng the validity of

a syllogism. Let ue simply aesurnp that 'bhe subJect term sf

a univeraal statement ls clistrll¡uted, 'i,he Fledlçate te¡m of a

negatlve statpment ts dlstributed, änd all other terms are

undlst¡iþutecl. Then the 'bhree r'UIBe for a uãLld sy[Ioqlam

are¡ (1) the mlddle term must be dietrlbuted exatrtly oncei

(2) no enrl term may be rjlstsibuted ùnly onDB; and (3) the

nurnber of negatlve pretnises must equal the numbet of negatlue

conoluslons. Any syllnglem ¡¡lhlch vloletes one trt lnttÉ Éf

these rulBs ls invalid.

t¡lo¡e Complax Èypes Of claas ¡eassnlnE may aleo be found.

gurh argunents involve the d¡ar¡f.ng of a üoncluston from mtrIs

than tt¡o premlseso In many Eaees theae arguments may proceed

in a ee¡j,es of stepe u¡here each step constttutes a sylltrgism.

Exoep'b fqr the flret etep, Bne Bf the premlees in the ayllogiam

is the conclusion from tlre previoua syllugism. 0f Coureet

such compllcated arguments need ntrt bB llnear but can lnvolve

branching, for example¡ ulhen the concluslone af tuo eaparate

atgum€nts ä1rE ueed as the premisee for a thl¡d algument-

2. Sentence reaeoning

Thts type of reasoning dlffe¡s from claes reaeonlng ln

that the bagls unite are nst clasËes but sentencga. The
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lmportant factor ln sententrB rBqsonlng f.e the connectlve llnklng

tha eentence unlts. Seve¡al. typas of connectlvEe may be

utllf.zed. If p and q a¡.e taken to repreeenÙ the eentence

unlte, exanples of connectlvee I'nclude conJunctXon, P and q,

dleJunctlon, elÙher P os Qr condltlonal, lf p then qr þlcondft!.onalt

p tf and only lf q, conJunctlve abaence, not both p and q¡ and

Bo on¡ In short, thay a¡e thE sarno loglcal operatsrs deecrlbed

in Ehapter 1.

Ferhepa the moat !.nportant klnd of sentencg trB6aonlng la

condltlonal reaaonlng. Before d!,aqueELng the varlous forns

of condltlonal argunente, let ua Examlne flretly the neture

of condttlonal, Ðentences. Eonslder the Condltlgnal eenteneet

lf p then q. In thfe eentenee p le called the EntEcEdBnt

and q the consequent. The content of the eantenee i.E

datermlned by p and q¡ but the form of the sentence ls due

to tha condtttonal connectlve uhloh platrÊE F and q ln deflnlte

relatlon to one another. There are msny ¡¡JayE trf axpresslng

conditlonala beEldea illf p, then qn. AIteI'nEttvE formE lnclude

ngr [f pu, fnevet p rrr!.thout q", trunleee g, For nE!.ther t or qñ,

and ilall prs ere qË. The laeünantloned forml It bdX.L be reallzedt

Íe acùually the unlvelaal afflrmatLve. OnE other d.te¡natlvs

expresslon hae bøen gf.ven a speclal namE becauEe of lts

fundamental relattonehip to the etandard form¡ this te

the conttapoeltlvB, nlf Ër then [.n Fo¡ the condltlonal,
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the converee, tf q, then p, ls loglcally lnvaLLd.

Four baElo fOrnE of condttlonal ergt¡menta axlet. Ttm

of theee arE valld and the other ür¡u lnvarld' In each eaae

there a¡e tr,n pnemlsee ond a concluelon. r¡f¡e¡e one of the

premleea ls a condltlonal statement. tha ftrat type of

argumant !s called naffl¡mlng the antecadsntr o¡ nmodua

ponener, and hae the follot¡lng folm¡ lf Fr then ql Pt

therefora, Qo ThlE ls a valld argument fo¡rn. The second

type of argument lE safflrtnlng the coneequentd and lE glVen

ln the fqlloulng¡ If p, then qt ql therefore, pr thls

form of argument le loglcally lnvalf.d. The thtrd argument

form le ndeny!.ng the antEcEdantil Lf p, then q¡ El therefore,

E . Agaln the concluElon la laglcally lnco¡rect. The fourth

argument fs¡m fE caltred udenytng the consequentñ or Ëmodus

tol.Iengnr lf p, then qt õ¡ ths¡efore, F. In thle oac¡et

the cqncluelon daeE nEceesarlly follor,r, and 1a therEfore valld.

Fu¡the¡ dLscueslon of theee arguments can be faund in any

logtc tExtbook (e.9., Ennla, 1969).

Loglca B mode,L-qfjuma¡ reaaonl!¡,

The preeedlng Eactlon provldee an outllne of deductlve

reasonlnq accordlng to a logLclan. The quaetlon arlsee from

thls ae to r¡hether loqlc f.s an aceu¡ats tepleaentatlon or

The expresslon, þ, ta equlvalent to not p.
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rieecriptien of hurnan reasonlng.

It is c!.ea¡ that many early logiclano regarded loglc as

the sclenee sf the lar¡s of thought, aeitrdeducfhle from a

ctrnslderatien sf the operations of the nlnd Xn reaeonlngrr

(e.g., Elcole, LB54¡ J. 5, 14il.I, 1S7k¡ l{antr 1BBS). More

recent logS.cians, hsbjever¡ have rBJeCtEtJ this vleul. For

example, Russell (I984) csntended that thera is no neceE¡$ary

relslúlonshlp hetr,leen humÉn thtnking and loglco that rtthloughout

loglc and methematics, the exlstence of the human ol any other

mlnd 1s totally lrrelevantts. Schlller (I93f¡) matntained

that eyJ.logiotic reasonlnq rrhas nothl¡g u¡hatever to ds urlth

actual reasonf.ng, and can make nothing Ef itrr.

gome psychologists heve also tended to place llttle

emphasie on the roLe of lugtc f.n human thlnklng. For examplet

Btuner et al. (1956) suggeeted that trmutrh of human reasonlng

is supported by a klnd af thematic proeBss rather than by an

abstract logic. The principal featUre of thls 'chematlc pIoEEsEl

is lts pragmatic ¡athe¡ than lts log1cal st¡usturerf. 5im11ar

Euggestiûns have alau been made lry Morgan and Morton (I9¿+4) and

Lefford (L9t6). flther psychologlsts, houever, have chosen

to accept laglc as desc¡lblng the fundainental operatlons of

ttrought. Thus, Hunt (1962) and Haygood end Bourne (1965)

uaerl the proposltiona!, calculue to define the rules uhlch

combÍne etimull to fo¡m conoepts. Llkeulse, Plaget (Plegett

L957; InheLder and Plaget, 1958) assumed that the varlous
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Eonnectlves þetulesn turo sentence€ hBVB the same truth functlons

ln ühought as thaY do ln J.ogic'

The vler¡ to i¡e taken herp ls that proposltlonal logic

ehould ba regarded as a mDdEI of thought. ttllth reapect to

deductlve ¡saeonlng an lmportant featu¡e of such a msdel is

the clea¡ predlctlons !t makes about rgsponseÊ to psgbLeme.

Eomparlsons betrleen these predictlene and the actual resFonses

or products of human reasonlng may then enable us to auggest

modlflcatlons to tha modeL r¡htoh approxlmate more cloeely to

human functlonlng. To thts End thesefore ürE thÉI} examlne

some of the expe¡lments tlhlch have lnvestlgeted the loglcallty

of human deductlve reasonlng.

1. Concrete var:Éug abst¡act rnate¡lal

lrtllklne (1928) presented adult subJects r¡lth catBBorlcal

eylloglsms ustng materlals b,hlch dlffered !n the degree of

abstractness or cgnÉreteflEesr Four types of materlals for

reasonlng r,.rere tested¡ syllogl.sme ùrtth (I) femiLler and

conqrete terms. (2) symbol.lc terme In the form of letterst

(f) unfamlllar terms !n the form of J.ong r.rords, and ({) famlltar

and conorete te¡tne rúhere the logtcal concluslon r.'rae contrary

to everyd6y expetlEnee. Tuent,y lteme lnvolvlng each type of

materlal urere randomly presanted. Each ltem conslsted of

tuo premlses and three dLfferent concluelone. The subJectrE
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taek uae to lndlcate uhlch, ff any, of the conolualsns

nÉcessarlly follorrred f¡om the glvan ptremisee,

The resulte ehorrled that Type I materlal r¡as the Least

dLfftcult. Mora difflcult uere sylloglems¡ plesented tn Type

4 materlal. Moet dlfflcult ule¡e the sylloglems lnvolving

symÞollc and unfamlllar (long bro¡de) materf.alr that 1¡¡ Types

2 and 3 reepectlvely. It ta pl,auelble to conslde¡ Types I

and l+ as lnvol,vlng the motg conc¡ete terms and Typee 2 and 3

ae the more abetract tetrms. tdilklnst findlng, thereforet

lndlcatee that eategoflcal leaeonlng ls bettar ullüh concrete

terme than r,llth abet¡act terme. In genaralr subJects ùrho did

rrrelJ. on ane typa of materlal al.so dld r*¡e1.1 on the other types.

Nevertheleaa, the¡e u¡Bre Eome eubJecte for uhom a change ln

mate¡lal di.d producÉ a elgni.flcant change in performance In

relation to otheæ ar.rbJects, Analyzlng the dlfflculty of

partloular lteme lt ues evldent that all th¡ee rulee fo¡ a

valld eylloglem L,BaB dlsobeyød by subJecte. The most common

fallacy lnvslved the flret ruIE uhlch eays that the mlddle

term must be dlstrlbuted exactly EFItrE¡ Most subJectsr holuevert

detected thE fallacy due to vlolatlon of the thl¡d rule r,rhlch

eaye that the numbe¡ of nagatlve premises muat equal the number

of negatlve concluslons. Typtcally thesa fallaclea uere more

corrmon In abst¡aot than fn conc¡ete materlal.

Morgan and Morton (Igtl+) compared the use of abstrect
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il.nsultsd) ln Eylloglstlc reaeonlng. Thlrty-tb¡o forms of

categorlcal sylloglenne u¡BtB presented ualng each type of

materlal and sn each syllaglem the subJect had to choose betueen

ftve alternatlve concluelone - Ar E, I) 0r and RNons of the

concluelona Eeams te follorrr loglcallyn. The reeulte Lndlcated

that on 18 out of the 32 syll.oglsmE dlfferent cansLualona uElB

acoepted for abetract and concrete tetmE. In sontraet to

tdllktnel flndlnB, hotrlever, pg¡l'qrmgnce ulth concreta mata¡l4¡.

dld not appear to be loglcally euperlor ts that ¡¡lth symbollc

materLal,r

There BEetoE to be some doubtr therefore, that conqrete

material netrEasar1ly leada to log3.ca1ly bEtter performance

compared r¡lth abstraet ¡rater1al. At the eame tlme the type

of coneluelon deduEed fo¡ the tulo typea of materlal doee appear

to dlffer¡ partlcularly fo¡ eone folme of aylloglsme" Tu¡o

faotors at least seem llkely there?ore to lnfluÉnce pe¡farmancet

(I) the form of the aylloglsm, and (2) thE nature of the cone¡ete

materLal.. The eecond fEeto¡ la lnoLuded because Horgan end

l¡lorton utlllzed one eet of eons¡ete terma¡ perhape another set

of concrete terlna tray y1eld a dlffsrent reeult.

2. Attltude or bellef held bv sub.lect

In addl"tlon to hEr flndlnge on the effEcte of concretaness

and abstractneaE on the valldlty of resaonlng, l,¡lllklnsr data
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ta be accepted r¡hen they ürere compatibla r¡lth the experlenee

nf tha aubJect and elso that valld coneluslons uele less ltkely

to be accepted r¡hen they lrerB i.nconslstent uith the subJectts

experlence. Her result, houlever, ues not declelve for tuo

reaÉ¡ona. The flrst concernE tha ambtgulty of the nutLon ef

the rrsuggastlvenegeÉ of the concluslon. The second f.e that

only turo-thlrde of Type 4 lteme ue¡e daslgned to be suggestlve

aince lt ü.rae feared that lf all ltems u¡Bre of thi.s type then

subJecte mlght lea¡n the basis on ruhlch concluslons uBtE elther

true or fal,ee. Late¡ experlments have ovetÊome these deficlencles

and clearly damonstrate that subJects are lf.kely to be eatisfied

r¡1th a fallaclous algument lf they agree Lrlth the concluslon

to r¡hlch the argument Leada, and conversely¡ that they are

Iess ltkely to accept a vall,d argurnent lf they dl.sagree urtth

the consluston.

Janls and Frlek (1943) tested trrro hypotheees derlved

from ühe above propoeltlonl (I) there are more e¡¡ors ln

Judgrnents of the loglcal vaLtdlty of sylloglsms Bn .rragree-

lnvalldr' lùems than on rraglee-valldn lteme; and (2) there

BrB nor'e Bntota ln Judgments of tha loglcal valldtty of eyJ,Ioglams

on rrdisagtee-valldrt ltems than on rrdlaagree-Lnualldrr ltema.

SuÞJects u€¡e p¡Bsented r¡XÈh 16 concrete cetegorlcal ayt.Loglsme,

I of r¡rhich uere valld and B lnvalld. Syllogl.ems u,ere sel,ected
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uhose Eonslualon u¡Btre antlplPatEd to produce elther general

êgr6em6nt os general dleagteament, t¡tth a mlnlmum of neutral

attltudE responsats. After the eylX.og1am test üraa compl.etedn

an attltude teat uae glven tn uhlch thE concluslons of all

the aylloglena uare prEBBntBd !n random otrdBl and the subJect

uas aeksd r¡hether hB ag¡eed sr dlaagrced r¿tth thsm. The reBulte

conflrmad the tuu hYPothEeee.

Morgan end û{oxton (1944) tnveetlgatBd syllogtstla ¡easonlnB

uhen the ptemlaes and the soncluelona Concerned vltal leeues

under dlseuaalsn ln tha mase medla. Moet of the P¡.trÞIen

materlal h,BB related tu aspects of the ua¡ on Útlch lt uas

expected eubJects held atrong ernotlonal preJudleea. Thls experiment

employed the same procedu¡.e on sach sylloglsm as uas dgscrlbad

tn ths PsgvLous sgctltrn for Morgan and Horton (1941+)' FlftEan

aylloglsme uJere preaented and each sylloglsm braa sxsml'ned uslng

symbollc mate¡lal (Iettere) and the materlal for r¡hlch subJecte

usre ABsUmed tO haVe etrong convlctlOns, ulshea, o¡ feara.

The ¡eeulte shor¡ed a clea¡ blae ln reepondlng tsuards conclustsnE

favourlng the antlclpated pereonal preJudlces or hopes qf the

eubJect.

Gorden (1953) conducted a almllar type of expertrÎent to

that performed by Horgan and Morton to lnveetlgate the effect

of attttude tou¡ard Fueela on eylloglsttc reaeonlng. In thLe

study, houever, attitude urBF mEaau¡Ed on a Ltkert eEEIe. In
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the reasonlng teat Z4 itema uels pfesantedr 12 of t¡hlch uBrE on

Russla, thE other 12 belng ltema of a tfnon-aoctal and non-

conttsve¡Bf.al natusBrr. FoD Bach Rueslan ltem1 tuo of the flve

csnglusfgng UeEe pro-Rusalanr tUo u¡efe antl-RUselan, and one lBAd

rfNone Of the above trDncluslons a¡'e necsssArlly loglcaln. The

lastdrentloned concluslon ùraa the loglcally aPpDoptlate one. A

blas effect toûrard the attltude lndtcated on the Llkert acale

uras obtaLned but thls effect uas not as ma¡,ktsd as ¡daa found

by Horgan end Mo¡.ton, Thla r¡as lnterpreted to mean that the

deffnltlon sf the task ag a ùest of loglcaL aþlllty had ¡educed

the lnfluencp of personal feelfng, Bvsn brhen tha subJect had

a deflnlte attltude to Russla. In other ürords, attltude d1d

btas syllogf.sttc reasonlngr but therB uas some evl.dencs that

eubjects r¡ould accept eontrluslone r¡hleh appeared loglcal Bven

though thay rrlere not consonAnt r¡lth tf¡elr pereonaL oplnlon.

The etudles descrtbed thus far have lnvesttgated the effect

of attltude on categorleal sylloqlstlc reasonJ.ng. lne study

by Leffotd (1946) preeented subJeete r¡¡lth a reasonlng test

lnvolving categorleal and condltlonal ar.guments¡ most arguments

uere eyl,loglsme but the test elso lncluded Eonverstons of the

unlvEraal afflrmative. Éorty ltems uêre FlÉsented In tuo

groups sf 20 Bach; one group of 20 contalned rnate¡lal of a

oontravetslal. natu¡e on r¡hlch aubJecüs ue¡e llkely to hold

some oplnlon, the othel trontal,ned materl.al of a neutral naturE.
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The subJects uere required flretty to Judge the validlty of the

!.tem, 1.€.¡ rt¡¡ lndlcate urhether they thought that the sonclusl.on

Eould adequately be drauln from the plemiÉBa glven 1n support

of thema¡ and secondl.y, to state r¡hether they agreed or

dieagreed r¡fth the concluslon. The neut¡el ltema. urer:e equatad

u¡1th emnttonal ltams for atructure and lengtl'1. Leffordrs

reeulte shoüred that neutral i.tems brele Juoged more often

logtcally trr¡tnecÈly than emotl.enaL ltems. FÐr. emstlonal lteme

pvaluetlon uaa Lnfluanced ln the dlrectlon of the attlùude

o¡ belLef o¡ exttãneous knoulledge lreld by the subJecù about

the truth or falslÈy of the conclualon.

Another study- by Thlatler¡alÙe (f950) employed cnndltlsnal

ayJ,lagf.slns of tlte form¡ if p then qg if p then r¡ therefore

tf q then r. He presenüed 72 arguments slmller to the aþove

esnsleting of 36 ulth relatlvely nsutral content and 36 utlth

Etaternents and Eonclusitrnn on l\legroee, Jeuer hlomenr and

patrl,otl6m, on r¡h!.ch highly ethnocentrie subJects should have

strong attltudee and bellefs. subJects therefore urele sampled

from reglons in r.¡hleh ethnocentrlc aùtltudes and þellefs uere

comntn and from reglons !n rrlhlch Euch attltudee UEFE rErE¡

The results lndlcated that dletortlona from loglcal reaeonlng

¡¡rEtB gteate¡ fe¡ subJects from ethnoeentrlc reglone on lteme

deallng r^¡lth ethnqcentrlsm than from aubJecte from antl-

ethnouentDlc areae.
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Reeent experlmente r,¡hlch confl¡n the trend of the resul.te

deecrlbed above lnslude Thouleea (rgsg)r Feat'her (1964)r and

Suppes (1965), lleufmann and Eoldetef.n OeAl¡ have polnted ts

eeve¡aL møthodologlcaL deflclenclae preEent ln aome of theeç

earller etUdles. For example, eome atUdles (Jents and Felckt

1943¡ Thoulega? 1959) dfd not emplsy Ê eontrol r¡fiere neutral

sylloglems urÉre evaluated fo¡ valtdlty" |{E¡eoverr other

etudlas (Morgan and Morton, 1944¡ Leffordr I9t+6¡ Thlstleualtet

1990) dld not lnclude ln the ùeet emottonal etatements brlth

r,lhtch subJecte mtEht úl.eagree. Sven mor'e lmportantly, ln moet

experlments the eubJectra atti.tude toulard the Eqntlusion uas

teated before o¡ after the syllogtsrn teat. It le poealble

that thts plocedurs may havE led to commltment for the second

taek such thaù, eithe¡ the aÈtitude expreesed affected eubeequent

evaluatlon of the eyllogism, or ühE cencluslon ds¡lved from

the sylloglsm f.nfluenced the attttude touards the concluslEn.

llaufmenn and tioldeteln (1967) pg¡fo1rmgd an expe¡lment

dealgned to control. fq¡ theae confoundlng effeota. They

presented 32 farnaLe aubJects t¡Ith a syltoglem test contalnlng

36 syl,loglsrîs. Tuenty-fuur of the concluelone ts these

sylloglems had been prevlousl,y Judged hy 112 other eubJects

to be statements ùrfth r,rhlch they agreed or dlsaqreed¡ the

remaXnlng t2 conCluatone r¡¡ere nptøsUmaÞly neutrals. Ëoncl,uslons

ue¡e fu¡ther dlvldad acaordlng to degree of quantlflcatlon and



324.

valtdtty eo that a 3 x 2 x 2 analysls of varlance deslgn Lrag

employed. Analyois of the numbe¡ of er¡.ols made on Btrsh

condltttrn tevealed elgnifÍ.cant maln effecte for all three

factors, affectiva loading, quantlfleatlon, and valldltyt

and aleo etgniflcant lnteraction effects betusen fastorer

Interpretatlon of thls analysts suggested that more Br¡'ors

uere made ln reaBonlng r¡r1ùh Emot[onal material, but thls appLied

only to acceptançB of lnValld trBncluslona and not to the

xeJectlon of välld eoncluslonsr and aleo malnLy on PÉeltlvely

Êffected un1vetsËl concl,uslons.

ImoIlca ons fúr laolc as a model of reËr3onf,ncl

ldhllst the evld€nog bearlng on troncreteneEs and abstractnÉ83

of matertal as a varlable affectlng dedutrülvB s€asgnlng ls

inconcluaive, there appears to bE conaldgrable evldEnce

auggest!.ng that reasonlng ls ln par.t lnfluenced by the attltude

malntalned by the oubJect toûrards the conclualon of an argument.

Thts evldenee hae been supPosed by some rlorker.s to lndlcate

that reaeonlng lE not adequately representEd by a logteal modeL.

I.ndeed Mo¡gan and Morton (Igt+t) contEnd that I'the only trlrcumEtance

undËt r¿hleh þ¡e ean be relatlvely sur.e that the lnferences of

a person r¿1ll be loglcal, ls ùrhEn they lead to a conclueton

¡¡hIch he hae already accepfed.rr

Henle (1962)1 on the other hand, hae argued that the

pteseneg of such Brrors !n reasonlng |s nOt sufflclent to
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refuts loglc aa a model, To er.rppOrt her argument ahe attempte

to cqncelve of ã proEeEE ù¡hlsh obeys the ¡ulee of logfc t¡hl'ah

tran actrtrunt for the e¡rors obtatngd tn etudlee Eutrh aB thoee

xeportad ln thE prevloue Bestion. Flrstly, ehe euggsets

tha er¡ors ln deallng urlth preeented matertal mey bE due to

a faflure to aceept the loglcat task, that !s, to diatlngul-sh

betueen a conelualon r¡hlch le loglcally valtd and one u¡htch

[e factually correct or ong ulth t¡lhtch the subJeot agteee'

Thta poaelbl.llty, 1t ulll be ¡aca¡.led, uae aleo antertalned

by Gorden (I95!). Secondly¡ ertrtrDa rnay be due to tha restatement

of a premleE or concluglon Eo that the lntended meanlng !s

changad. For example, HenlA reports a GaBe r¡here A sgbJetrt

modtfled tr,n partlcuX,ar FrBmlEEE to unLvereals, befote maklnq

an evalUatlon Ef thÉ consluslon. In suCh oaaetsr thereforet

the va]Idl.ty of the argument ehould be Judged In relatlon to

the sylloglsm actually employed, not the qnE lntended. Thlrd1yt

Er¡ors may be due b the o¡nlssl6n of a premlae, and fourthly¡

to the intruslon of addltlonal premlaee. Henle euggeats

that uhen the lntended premlsee are replatrEd by the actual

propoel.tlons utl.llzed, the Judgements of the subJBtrt may b€

found to be logrcally ciorreet. In other uJosdgr B¡lors may

be accounted fo¡ nqt ln te¡ms of a fallure of the loglcal

model, but ¡ather ln terme of changeE |n the materlal from

r¡h1ch reasonl.ng Froceeds.
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Gonslstent r¡1th Henlers poaltfon øre some secent approaehes

ta the formatlon of bellefe and attltudes (JonEe and Eerard,

L96?3 Bem, f970). Hete the attempt hae been made to characte¡lze

hlgher-order bellefs ln termE of eyJ.Ioglams rrlhere the premfees

Êt€ rompoaed of lot¿Er-order or more prlmltlve bellafs, Undarlylng

thls attempt hee bean the aasumptlon that lndividuels do not

marely eubecrlbe to ¡andom collectlone of bellefs but rather

they malntaln coherant eystems of bellefs brhfch are tntarnally

conslstent.

The above dlscusElon seema to Eecount for the effect of

bellefs and attltudes In produclng Brpors ln deductlve ¡eaeonl,ng.

It doee not, hou¡eue¡, explaln rrdry errors ahould occu¡ trlhen,

the mate¡lal uaed ls abetract, for exampler ln the fs¡m of

Iettersr In thle sltuatton eome other protrBes not relevant

accqrdlng to a model baeed on ptoposltlsnal loglc ÐBema to be

operatlng.

The atmoEphe¡e effect

In attempttng ts accnunt fqr €¡toneous reaeontng ullth

symbollc matarfal, hlooduorth and Sella (lg¡E) took ae a startlng-

potnt the oþEErvatlon that gome loglcal fallaeles are more

comnÐn than others. For exanple, a aylloglem ullth an undlstrlbuted

mlddle term le more dlfflsult than one u¡lth a unlversal conoluslon

from partloular premleee. Ftom thlE obeervatlon they formulaüed

thrEe hypothesee. One of thess hae becomB aspeclally aesociated
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r¡lth thelr r¡ork and 1s aalled tha natnosphere effectrl

hypothesls.

The concept of natmospheren refe¡s to the global

lmpresel.on convByed by a oatego¡lcal statement, The

atmosphele Of a premfse can be univerEal o¡ partLeularr and

affLrmatlve or negative. Uhatever 1t Is, ldoodr¡orth and

Sells postulaterl that lt createe a senee of valldlty for ùhe

csrrÉsFondtng concluelon, Thus, rran afflrmatlve atmoaphere

in the premlses makae Lt eaey to aecept En afflrmatlve

concluslonrr, and so on. Thle hypothesle co¡¡ect1y predlctst

therefore¡ that tt la easy to acoept the convesee of a proposlülon.

It aleo costectly predlcts that a unlversal concluslan tends

to be accepted fallacloualy to follor¡ f¡om tula unlvereal

premlses. gimllar predlotj.Ens for sylLogLsms ullth tr¡.lo partlcular

premLees, trrlo afflrmatlve premlsesn and tr¡o negetlve premloes

e¡e also confl¡med, Tuo eupplenentary hypothEBEs uexe proposed

for the case brhen the turo premlses ln a eylLoglsm dlffer ln

thei.r predlcted atmoapherg. Theee brgrg¡ (1) a comblnatlon

of a universal and a partltrular premlse produces a pa¡ticular'

atmoephere¡ and (2) a somblnatlon of an afflrmatfve premlse

End a negatfve premlse createe a negaülve atmoephers.

The atrnosphere hypothesle uas teeted in an experlment

by sells (1956). Items ùrerg Prasented sonelstlng of the

16 poesible paired comblnatlone of the fsur typee of premleest
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A, E, I, Bnd [¡, Letters lre¡re ua6d as materlal fo¡ the premtsee

tu avold the Lnftuentre of fastual knor¡ledge and attltudes. To

each of the 16 plemlee palrs uas added one of fgu¡ Posslble

concluelons - Ar Er Ir or 0. Thp¡e ürere turtl repllcatlons

of the 64 dlfferent syllogLama {n ülre teet. The eubJect u¡es

required to evaluate the sylloglem Ëa t'absolutely truetr,

trprobably truetl, I'Indetermtnater, or |tabeolutely falset'.

The atmosphere hypotheeiE co¡rectly predlcted the conclusion

moet commonly aceepted for 13 out of the 16 sets of premlues.

The three exeeptlone Lrere! AA r,rhere A uas predluted yet I

uaa moet frequently accepted ¡ AE Nhera E r,raa predlcted but

0 r,¡ae ùhe most frequently aceepted conclusion; and EA ulhere

E urae favoured by the hypotheete but 0 uae oþtalned ln the

experiment. These flndlngs brere ctrneldered to support the

hypotheals of an atmoephere effect.

An even better f1t to tha data uas reporüed by Sells

uhen an addftlonal hypotheafs uas aseumed. This hypothesis

haa tr¡¡o parts. Ftrstly¡ 1t postulates that subJecte are

more cautlous ln acceptlng e unlversal concluslon than a

parttcular conclusfsn. Thuen I concluslons ehould be more

readlly acoepted than A concJ.uslone, and [l soncluslona mtrre

readlly than E conclustons. For Sellsr date 'bhls predlctlon

b¡as conflrmed on al,l 16 eets of premtees for I - A, and on all

but one sf the 16 sets for 0 - E. Secondlyn lt ulas suggeeted
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that suþJects arB mtrrs cautious ln acceptlng en afflrmative

concluslon than a negatf.ve concluelon, Thus, E concl,uelone

should be more readlJ.y eccepted than A eoncluslons, and E

more than f. There ulere four exceptlons ln the 16 premtse

paLrs to thi.e predtctlon fsr both E - A and 0 - I.

Ehapman and Chapman (f959) have s¡lticlsed the procedure

ueed by Selle to test the atmosphere and eautlon hypothesee.

0n Sellsr teet fermat they argue lt ls not surprlsing that

rnorE I csneluslons uJere accepted than A csncluslona o¡ that

more 0 concluslong h¡Ére Eccepted than E coneluef.sns. The

substance of thefr argument ls ae felloue¡ If an A csncluelon

5.s accepted, then, Iogically, an I eonsluslon must also be

accepted, sLnce the partfcula¡ implles rfat leaet somerr r,,¡lthout

exc}udl.ng the possiblllty of rrallrr. Slmlla¡lyr lf an E

csncluslon ls accepted¡ then so must an 0, 0n the other handt

acceptance of an I o¡ an 0 conclualon doea not neceosarll,y

imply the logical acceptance of an A or an E çonoluelsn

reepectlvely. Tha¡efare the frequency Ef acceptance of I

and 0 should nBVBr be lese and should probably be more than

the frequÉncy of acceptance of A and E, aseumlng the subJecf

ls eonelstent ln hls reepondlng. Thle eftuatlonr Chapman

and Chapman polnt out, Is a consequentre of preaentlng a slngJ.e

concluslon En each ltem.

Adoptlng a multLpla-eholoe format r¡he¡e subJects muat



3fo.

EhEoEB from smonq 5 posslble concluElane - Ar E, If 0, and

tnone of thaaEr - overtromes thls obJectlon. Uelng thls

procedure¡ they obtalned reEults r¡htch they clalmed dld not

Eubstantlate tdood¡'¡orth and $eLlar hypothesee. Deta1led

cumparleon batueen thelr dEta and the predlctl.one made by

these hypothesesr hou¡ever¡ suggests thåt Ehapman and Chapman

ü¡e¡e rather haaty ln reJectlng thase prtrposale. In thel¡

experlment the concluslon most frequently accepted by subJects

ùras cor¡ectly predlcted by the atmosphere hypotheels ln 12

out of the 14 typee of eyllogLsma examlnedr The exceptlona

r¡ere the IE and 0E ltems uhare the prefe¡¡ed csncluelon fsr

both uas E, but the predlctad concluelon 0. These tuo

axoeptlons, houever, do not eonetltute aufflclent evtdence

te ell.mlnate an atmoephers actrount qf categorlcal eyllogistlc

reasoning. A þetter approach uould be to ask r,lhy the exceptlons

to thls account oecut¡ Conelderlng a comþlnatlon af atmoaphere

and cautlon hypotheeea for these tus sylloglsme, lt le found

that the predlcted ¡elat!.ve frequenelEe of acceptEnce of

I'7 Ar 97 Er 0> I, and E> A a¡e all csnflrmed except tl 7 E.

The addltlon of a cautlon hypsthesls therefore does eEem ts

provlde, at leaEt¡ a partlalJ.y satlefactory aocount sf rEasonlng

on ühe IE and 0E itemE. Evaluatlon of thte hypotheels sn

ather ltems 1s rather dlfflcult slnce vÊry feu¡ conslusi.ons

othsr than the ono predlcted by the atmosphere hypotheEi.s
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Ënd thB log!.oaLly valld nntrng of theser, rdErB aEEepted.

Hoù¡ever, lf ue take Only those ltems ulhere there tlae msre than

trne tronclualon u¡lth a frequancy of eeceptanee greater than

Lgql6, that ta, Eor 0I, I0, 40, and BO¡ the four predletlons

made by the caUtlon hypotheele Ere conflrmed ln each sass.

0n thle analyale Uloodr,.rorth ancl Eellgf aqcount trf cataqsrlcal

eyllogletle reaconlnB apPears to be generalLy BuPported rather

than ¡efuted by Ghaprnan and EhaprÍans I data.

More recent atudlas by stmpaon and Johnaon (1966) and

Begg and Denny (fggg) are aleo coneistent r¡llth tha atmoephere

hypotheals. Both of these atudlas note the almllarlty betueen

the pradtetlsnE of Bsror by the atmoephere hyptrthEelE and by

the account EuggsEted by Çhapman and chapnan ln tErma of

llloglcal, conversl.on and probablltetlc InferEnce. Illog1cal

oenveralon tefer,e tO the acCeptance of the converae of pither

A or g p¡BmtaBs, rlhlle probabll!,etlc lnfe¡snce 1s the acceptance

Þy aubJectE of invaltd concluetona tdhltrh have EDme probabl'Ilty

of being cortrEtrt. It uould appaar that r,¡hat Chapman end Ehapman

hava done te not to reJact the atmoapherB hyPotheef,a, buü to

present an alte¡natlve aocount of the same aet of predlctlone.

The merlts of the tuo explanatlOns, hOtrlevar, Eannot bE aseeesad

by conelderlng the end-produ6ts of rsaaonlng but by examtnlng

the prOcêÐa lnvolved ln arrlving at these proÉucto. In elther

caae, neve¡thplese, the acsount rgqulres a modlflcatlonto a

Ioglcal model of deductlve reaeonlng.
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Meaninq of quantlflers and connectivea

!5Emgtr

In eddftlon to the aùmoephere and cautlon hypotheeee

deecrlbed i.n ùhe pravloua aectlon, hjooduorth and gelle (f935)

aleo propeaed a thlrd expl,anatlon of EEaonEouB regaoni.ng ulth

abstract materlal, Thle propoeal trlaa that the maanlng of

the quantifler, tsomer, Le amblguous. In propoattlonal logíc

thla quanttf!.e¡ iE taken to mean llterally pat leaet 8orÊ6rr.

In Languega, houever, tBdmBü may have a dlfferent dgntrtatlont

namely, nBomB but not allrt, t¡lllklne (1928) Ilker¡llae notsd

that eubJecta aeemed to regard lt as lnval.ld to drat¡ a partlcular

conclusfon ulhen the premÍEee uele unlve¡eal. To uffeet any

amblgulty, subJecta ln the exparlmenta by Selle (1936) and

Ehapmen and Ehepman (1959) rr¡ere lnetructed that nsomei meEnt

rat Leaet EEÌoÊtsr

The effEot of the tua usegEs of isomar on leaaonlnq may

be seen by an lll.ustretlen. Eonalder the eylloglsmr all

Ale ara Bre¡ ssme Ers a¡a Afe¡ therefOra BomB Grs are BtE.

In loglc thla la a valld argument. fn loglc tBDmBn naana

rat leaEt aomeÉ, ff¡ houlever, rsomgr msang üsom€ þr¡t not

al,,Ip, then thLs la an lnval.ld argunrent becauee lt mlght be

the caee that all Efs ars Br8. Thue, the tr¡o mBanJ.ngg of

the quantlfler lead to tr,lo dlfferent p¡.edltrtlons ebout the

valtdlty of thlg argument. 51m11ar effecte can alea bE ehou,n

In other arguments. thus, a subJectts perfo¡.mance may vary
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from the expectatlone of theloglcal model [f he aaaumee the

quantlflBr to denote Rsome but not allF.

Jshnson-Lalrd (1969a, 1969b) has sugge6tBd that neoman

tendE ts ba glv6n the meanlng of nBtrmB but noü alJ.r ¡¡hen lt

Eppeate at the beglnnlng of the eentanoe 1n the grammattcaL

eubJect, t"hereas the üat laaet aomBn lnterpretatlon tends to

be glven ¡¡¡han it o6gurs at the end of the eentenca [n the

grammatlcal obJect. fn one experlment lnfe¡Enc¡es frorn eight

doubly-quantlf!.ed eentences lrer'e Judged by eubJects as correct

o¡ lnoortÊct. Each lnfgrgnce lnvolved Bn atrtlve and lte

trorreepgndlng paestve sentencer 8rÐ.¡ iSome medlslna trurBB

EVE¡y dlaease; therefore, svery dlseaee lE cured by aome

medtclner. fnfe¡enega UB¡.e from aetlve to pagslvBr and

paselve to actlve, As predlcted, an lnfe¡.en68 ftom a Premlae

r¡Ith EsomBF Ln the grammatlcEl eubJact to a conclualon u¡lth

nsomer ln the grammatltral obJact üended to be Judged aa vel.ldt

but an lnfetanae tn the eonver6e d!¡ectlon tended to be Judged

as lnvaltd.

2. HIf...then... x

In the ptEvlouB ÊhEpter the auggBstlon uas mEda that the

loglcal meanlng of the Eonnectlver lf.*.thên,..¡ ls not the

BamE as that glven ln Fropoeltlonal logic. Rather the truth-

tabla functlon of tha Eenteneer lf p then q, appeared to be pq

trua, p! ra1ae, Fg lrrelevantr and ffi lrrel'svant. ThIe truth
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functl"on for a Eondltlonal eentenca le the same aa that put

forurard by ldaeon (L966).

In an experlment ln ¡¿hfch subJecte uere aet the task of

Eelectlng lnetanceE of p, F, Qr and !', naceeeary to detelmine

uihethe¡ a glven cqndftlonal sententrB LrËs true or false, ulaeen

(1968b) hae obtalned evldence uhlch aupporte tha euggested

truth functLon for the pq, pl, and þ{ contlngencLes, but the

maJorlty of hls oubJects evaluated the [q contlngenoy ag falee,

Feur euÞJeeta made the contraposlütve lnference, that ls, that

F fotlor¡s from !¡ rrrherr trying to ehor¡ that the condltlonal

eentsnce uaE tcue or fa1ae" ThlE latte¡ flndlng uas not so

evldent r¡¡hen the condftlonal eentence L¡EE Bxpressad ln the

form, reither F or q" (tdaeon and Johneon-Latrd, 1969), but

no dlfferenca uas found for of ff ãn, trnEVBr p ullthout qn

(Johneon-Latrd and Tagart, 1969), trall pra are qfsn (Johnson-

Lalrd and hlaaon, 1970a) and nevery p ls a qr (hlaaon, 1969).

ldaaon (1968) postuleted that the tnfrequsntry of the contrapoeltfve

Lnference 1s due to a eet toua¡de truth trr corrBspondenea

þetu¡een aentences and state of affalrs. The neceastty of

thle postulate le ngt clear, and a more parslmontous account

r¡ould be that, ff the truth value sf the ffi conttnqenev for
a condf.ttonal eentence ts lrrelevant, then the con'Lraponitive

lnference doee not convey any lnfo¡matlon about thp truth

of the conditlonal EentenÉe, and thue le aleo l.¡relevant.
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In etudl.ee uslng chfldren ae subJects Matalon (1962)

and PeeI (196?) suggeeted an aLternetlve truth funptlon for

the condltlsnaL to that propoeed by ùJason" Matalon conducted

tulo experiments uhi.ch dlfferEd 1n the nature of the relatl.onah!.p

betureen l¡þe antecedent and the otrnseguent ln thç oondltlonal

sentence. fn the fl¡st experlment the oonnectfon u,as arbLtrary,

lnvolvlng the sr.rltehing on of tur¡ dlfferant cplou¡ed Lights;

this uae ¡efe¡'¡ed to as I'mate¡lal lmpllcatlonrf . In the second

experlment, a village sEttlng uraÊ dlsplayed in front sf the

eubJeeÈ. The deslgn of the vlllage Lr€B such that, lf a man

uent to the posü offlce, thon he passed a certeln housE.

In thi.s case therÊ LJas¡ a clsac conneetlon betbleen the actlene

of the man ln the antecedent and 'bhe consequent and thls uas

raferred to as nnatu¡al lmpllcat!.onh, Peel lnvestlgated

chtldrenrs understandlng of the csndltlonal by a game techni.que.

Eaeh gama uas pleyed betu,een the expertmenter and tha chtlrd

acco¡dlng üo a glven rule, uhlsh connEcted the rssponçee of the

ehtld to the responses of, the experfmenter. Buth Matalon

end Peel found thet the csndltlEnal tends to be lnterpreted

as a blcondltlonal utrE¡e the truth functtsn ¡eade pq true,

p! ralser Fq fal.sen and [[ true.

l"latalon and Peelf s cone¡,usl.on fe coneietant r¡lth the

fLndlng ln ExparlmEnt XII that BubJEctË eould not diae¡lmtnaüe

bstkreen condtti.onal and bleondttlonal eentgneeE. In thls
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expe¡lmtsnt, houever, BubJBcts ù¡e¡E a¡.so unable ts dlscrlmfnatB

betuleen conJunctlon and the candltlonal and þlcondltlsnal.

It eeems the¡efora that thaee resulta confe¡m mors cJ.oaely

ulth the t¡uth functlon auggeeted by hlaeon. Clearly the

dffference batueen ldaaon, on the one hand; ãhd ßlatalon and

Peel, on thE other, centres on the truth vElue aüElgned to the

[q category. Both, houever, agrtsÉ that the meanlng af the

condLtlona| ll' p then q, la not that predlcted by propoeltlonal

calqulue.

Ture thlngs may be reaponelble for the dtffereneee betu¡een

the truth functlone of Uason, and l¡latalon and PeEl. Ftrstlyt

lrJaeon ueed adult aubJect¡ r,¡haraas F4atalon and Peel used ehlldren.

Therefore, aE a rsault of deuelopment tha neanlng of the

condltlonal may undergo eEme modlftoaülon from one form to

the other. ËecondJ.y, there 1e eome dlfference ln the natu¡e

of the taak !.n the t¡rn Eete of experlments. In l¡laeunrs studles

tha subJeqt b¡ss requl¡Bd to gelect Inatancee ln orden to

determlne uhether the condltlonal uae true or faleE. Eeeentlally

the Eame requlrement u¡as lnvolved ln Exparlment XIX. In the

studlee of l,latelon and PeeI, houever, the condltlonal uaa glven

to ba truE and the eubJect had to evaluate the valldlty of É

concluslon de¡lved f¡om the condltlonal. UJaaon (pereonal

communlsatlon¡ [rfaaon and Johnaon-Lalrd, 1970¡ Johneontalrd

and lrJaaon, I970b) has suggested that a dletlnctlan nEede to
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ba made betbreEn eelectlon and evaluatlon teeke and perhaps

the truth functlon lnferrEd ooncprnlng a condltlonal aentense

depende on uhlch taek 1e used,

F¡om thln tt Beerne deslrable to perform an experlment to

examlne the nature qf the truth functisn for condttlonal

aenteneee ùJhen adult aubJecte are glven the taek of evaluatlng

va¡lsuE condltlonal arguments. Four typee of csndlùlonal

argumanta ùrere preaented - afflrmlng the antecedent, afftrmlng

the conaaquent, denylng the antecedent, and denylng the coneequent.

The truth functlon for the condlÈlonal derlved Þy Hason (1968b)

r¡ould predtct that afflrmlng the antecedent and afftrrnlng the

conaequent e¡e regarded aa val,ld argumente, r,¡hlLe denylng

the antEeedent and denylng the sonaBquent arB lnvalld.

Matalon (1962) and Feelre (1967) truth functlon r¡ould predlct

that vatld reaponaBs are glven on all four atrguments. A'

Ioglcal mode}, on the other hand, t¿ould predlct that afflrmlng

the antecedent and denylng the conÊqquent a¡e Judqed as valld

arguments, uhlle denytng the antecedent and afflrrnlng the

trBneeguent are lnvalld.

From the Evaluatlone made by a aubJect of the vaLldlty

of theEe four argumente ft Is poselble to lnfer ¡¡hether or

not the subJect uãB rÉEpondlng ln a t¡uth-functlonal manner

and, lf so, uhat truth functlsn he uaa empl.oylng. InferencEa

at¡out the truth functlon a¡E baeed on the aesumptlon that,
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i.f It la knor¡n that a glven oondLtlonal eentenoe ls true,

and the truth value of elther the antecEdent or the coneequent

1e alao knoun, then the t¡uth valuEefor the glven condttlonal

sentence may be derlvEÉ frsm Judqmenta of the vall.dlty of a

concluElon tnvolvlng the conaequant o¡ antacedent respeetlvely.

For afflrmlng thE antecedent, a trvalldtr respqnse tpuld auggeet

that the aubJeot hae a pq truth-table category u¡hlch I's true,

and a p! cetegory urhlch 1a falee¡ an ínvalld leaponse, on

the other hand, mlght lndlcate elther pr¡ tE false or p[ ts

t¡ue o¡ both. For denylng the anÈecedent, an ¡invalf.dü cesponse

mlght mean that bottr Fq end !! have the Eame truth value, elther

true or faleer orr that þ[ ls falee and þq ls true¡ e trvalIdn

rBEFonsB, houever, tould lndleaüe that iÇ le true and pq 1s

falee. For afflrtnlng the csneequent, an ttinvalldil reaponse

r¡ould euggest that pq and [q have the same truth value, be

tt true or falser orr that pq 1s falee and þq ls tsue¡ a Fvalfds

reeponse, on the other hpndr uould maan that pq ls truE and

Fq le falee. Far denylng the coneaquent, a tval,tdñ reeponee

r¡ould lndLcate that pÇ la falee end ffi le true¡ houever,

an trlnvallda responae might auggeat that elther p! ls true

or põ f.e fal.se o¡ both. A eummary of these lnfertsntrBs çEn

t¡e found Xn Taþle 4I.

It cen be seen that tuo tnfe¡encga ate d¡a¿un about the

truth values of each t¡uth-tabtre contlngenoy. Thus¡ If it
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ls tha caee that condltlonal eentEnces atre conelda¡ed in a

truth-functlonal manngr, then ue tran Bxpsct slgntficsnt

eorrelatlone ln performenca bet&reen et Leaat pne and posslbly

both of afflEmtng the antesedent and afflrmlng ùhe coneequentt

and affirmlng the antecedent and denylng the eonsaquent.

For the BamB DEasEn, algnlflcant co¡relatlons may aleo be

expected bet¡deen one or both of denylng the antesadent and

afflrming the coneequent, and denylng the antEsedent and

denylng the ceneequent,

Argument Reaporua

Ualld Invalid

Afflrmlng thE
antecedent

Denyfng the antecedsnt

Afflrmlng the
coneequent

Denylng the ernæquøtt

pq(F) or pq(f) or þoth

elther Eq(T/F) and

[qtrlrl', oa
Pq(T) and PE (F)

elther pq(T/F) and [q (T/F)
or pq(F) end Fq (T)

pE(T) or FE' (F) o¡ t¡oth

Inferencea te be drat¡¡n abouü truth-table vslueE

fsr a condltlonal aentsntrEr tf p then qr from

responase made to fou¡ deductlve arguments.

pq(T) ano pã(r)

(F) and Eítrl

T) and Fq(r)

F) and Eõtrl

TAE¡LE 41.
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l. l'bttrrl

-

or 5uþJlqta. - Th¡ q¡bJætr Erc [, und¡4stdurt ! ?rgst

tho atùJcct pæl af flnat-y¡tr p¡yet€logï attdsrtr st thc

l&rlver¡tty of Acld.¡lüt. 8üæt1m of aubjcotr ter randm

!¡f$ ü:r¡ on¡ rxceptlon ühat rw¡¡ of thmr ærdlng to thel¡

etr¡dent rccsrd oald¡r ùû! s¡r&H¡ntly or hed plsvlorlrly bosr

cn¡olled ln s gour¡¡ ln rñtstt lnrtn¡stlan ln logla me glvmo

b" Froblm. - 1lÐ Fsoþlmú e¡ts of fq¡¡ b¡sls typra.

tn th¡ flnt tytrrr afft¡nlng üre enGeçadant. Êh¡ subJsût

uaa grluenr (t) t? p th¡n Qr rnd (2) pr ¡sd lË¡ s¡k¡d tjr¡ffi¡r
q nrærnorl,ly lnollmd. tn t¡hr r¡ætd tyfer Ésnylng ths

antecrdenü¡ the a¡ÞJset ¡¡r glvenr (l) lf p ttien q, end (2)

f, aru ¡st atked ¡lrrüfi¡¡ i nrorarartly fb¡,tot'rtd. tn the thtrd

typor af?l¡nlng ttra ærrrçmt, tìrc aubJEot ss glvenr (l)
1f p t'tren q, Er¡d (2) qr end ¡as erk¡d ¡*rrth¡s p ræsEsatlly

folle,rd. In thü fourur tlprt dwtylng tha wtart¡rrnt¡ the

subJrct rno gl,vmr (1) tf p thEn q. and (2) ir æd ¡p* askld

¡fietlnr þ rrcnrcrrtty fotloutd. ths üubJroÈ garu hlo anaunr

Èo geoñ prsblem by ohcoklng ore o? ;yrrt or rræt.

Uerb¡l ætsrlal ua¡ ured to fÞrlttt tlË ¡trrùsro¡¡. An

atteqt ts¡e *rqú¡ to rllnlngts tny ¡ilnù¡nslc ¡ôo¡l Esrclu¡tsna

un¡e obvtourly pleuetble e¡ lnplauatþl¡ or rnJoh th6t trdluldual

eubJeatr may hsva ttrong preJuÉlora eþout tn¡tlt or falolÈy.
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Each type of problem t*¡ae replleated fou¡ tlmee te alloru for
any reel.dual effectE due to theEe facto¡s and also for any

varlatlonE In ùhe nature of the re¡.atlonahl"p Þetueen antEoedent

and consequant. Thue, 16 probleÌnts rl,ere presented to aach

eubJect. ThE order of problems ues ¡andsmlzed r¡ith the ald

of a latln aquare so that each problem type occu¡red once 1n

each bLock of 4 probleme. The complEte LlEt of probLems

preeented may be eeen ln Appendlx A.

c¡ Prqgedu¡e and Instructlone . - The procedure uJEE gLvan

ln the lnet¡uctlone on the front of the teat boakLet and read

ln part aE follou¡e¡

trInalde thtg cover a¡e 16 aets of th¡ee etatements.

Each statement utthtn a sEt le labelled a, þ, or o,

In thls teet you are te aesumB that atatementa a and

b are knoun to be true. The questlon you a¡B tequlred

to aneuer ls t¿hether statement c gggglü¿ follq¡¡a from

etatements a and b, aasumlng that theae tuo ataternents

(a and b) are knoE¡n to be true. Indtqate yous Bneuret

by crosslng eut eLthen ryeel or fnol, r¡hlchever le

lncouect, at the end of eaeh queetion.tr

hlhen the subJect flnlahad raadlng the lnEtructlona, he

uas allo¡¡¡ed to begln" SubJecta urere remlndEd that thay should

ãnELrBF all queatlone, and that they could ulqrk at thelr oun

pace alnce there uats no time llmlt.
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2, Reeults .

The leaultE a¡e eummarLzed In Table t+2 ln terma of tha

frequency of the number of effl¡matfve Decpons€a to each type

of problem or argument. Theee reeulta ùIEDo fi¡st analyzed

to determlne r¿hether subJecte t¡E¡e behavf.ng ln a random fashlon

ln produclng thelr reapone¡es. A alngle-eample chl-squale

uaa usEd to compare the dlstrlbutlon of the fuequency of

afflcmative reapúnsE¡a obtalned ulth a þlnomial dlst¡l|¡utlon

ul.rere the probabfllty sf an afflsmatlue reeponea le equal to

the probablllty of a negatlva reopanee la equal, to lh..

Slgn1flcant dlfferentrBs from random reapondlng uere found

fo¡ each ploblenr type (g(.01).

Argument Numbor of afflrmatlve rsBponose

Total

Afflrmlng the
anteeedent

Ðenylng the
antecedent

Affirmlng the
consequent

Denylng the
eoneaquent

43

l+3

¿15

43

Ei.nomlal dlstr{futlEn 4310,752.69 2"69Lg.?516.13

10

I

6

7

10

I

L2

I

6

I

14

IT4

7

7

0

L2

I

5

34

I0 ¿r3?

TABLE 42. Frequency of efflrmatlve rÊsponãEe to each atrgument.



t43.

In the case uf prob3.erns lnvoLvlng affluning the antecedentt

there Ie a cl,ear tendency to raepond affl¡matlvely ulhlch gfves

rlea to the algnlflcant chl-square. For the ramelnlng

argunenta, houever, the slgnlflcant ehl-sclua¡e fa not attrlbutable

to a skeu¡nese ln the frequBncy dlstrlÞutlon f.n a elngLa dlrectlon.

Rathe¡ lt aeeme to be due to a flattenlng end epreadlng of the

diatrlbutlon euch that the obEarvEd frequenclee at the extremEs

are hfghe¡ than expected fo¡ a randon d|.strlbutlonr tohll'e the

frequenclee at the centre of the dletrlbutlon are louer than

expected. Thle ftndtng r,¡ould aeBm to þE due to there being

tr,n or maybe th¡ee groupe of aubJects. The flrst group of

subJeots dtaplays a csnEistent tendancy to ans¡¡er Ëyesrr, and

the eecond group a conslEtent tendency toamt¿er "nouf a thlrd

amall group may aleo be present uho reepond equally rryeot

oD nnoÉ¡

Cor¡elatlons beturaen Desponses to the dlffe¡ent argumente

Lrere eetf.mated uelng Spearmanrs rank tachnlque' A sfgn5.fleant

cor¡elatlsn t¿ae abtalned betr¡een denylng the antecedenü and

afftrmlng the trBnÉBquent, rho (41) * Ð,57r E <.01, but no

othE¡ correlatlonE uere ai,gnlffcanü at the 5% level of slgnifJ.cance.

Ma¡ginally algnlftcant r,'laE ths correlatlon bett¡een afflrrntng

the, antecedent and denylng the consequent, ¡ho (41) = g.Ztt

p (.10.

Looklng at the Judgments of lndlvldual eubJectar only 5



3l+5.

of the 43 subJects h,ele complately consletant In thaf¡ reapsnsss

to all four argumenta. 0f theea, 2 evaluated all four arguments

as valld¡ 2 evaluated afflrming the antecedent and denylng the

antecedent se valld, but denylng the antEcedent and denylng

the oonsequent aa lnvaLtd¡ and I subJect affl¡med the

concluelqn for afldl¡mlng the enteeedent and denylng the

consequentr and denled the eonclusLona of the other tuo a¡guments.

3. ÐlseuEElon

ulhl1et lt ts claa¡ that eubJects uere not respondlng

randomly ln evaluatLng theee argumenta, the preeent reeulte

do nof prov!.de any stratght-foruard lndlcaùlon of the basls

for evaluatLon. A conelde¡ablE degree of varlatlon ln respondlng

f.E evldent, both betusen eubJeeta and ulthtn suÞJects. The

only exeeptLon ts this le the overall eoneletency ullth uhlch

subJecta eval.uate affl¡mlng the antecedent as a valld atgument.

Thig t¡ould euggeEt that noet eubJeote poEeBBs a t¡uth functlon

uhe¡e pq ls tlue, snd pg le falee. Aealgnfng truth valuee

to the ¡emalnlng truth-tabla categorlea le pooalble u¡lth tha

praeent data onty for three aubJecte. Turo subJecta apparently

utl"llzed a truth f,unctl,on uhlch reads pq true, pfr fal=e,

Fq faleer end þfr true¡ a third subJact had a truth lFunetlon

rr¡hera pq uras true, pE false, Fq t¡uer ârìd ÞE true. That fe,
tuto subJecte posseesed a truth funetlon identlcal to that of
the þlcond!.tlonal ln propoEltlonal roglo, uhile one eubJect
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reÊsoned ln the manner predlcted for the condlülonal Þy loglc.

The lack of cqnetetenÈ reapondLng ulthtn aubJects makea

1t lmpoeslbl,e ta determlne E complete truth functlon for the

remalnlng subJecte" Evan to eay that they are utllfzing a

truth functlon may be tJumplng to concluslonEü, Iü uaa predl.cted

ea¡ller that, lf subJestE do Bvaluate condttlonal argumEnte in

a truth-functlonal manner, then some correlatlon ahould be

found betueen certaln palre of argumente. The reaulte lndlcatE

a slgnlficant correlatlon ln one case and a euggestlon of a

slgnfflcant correlatlon 1n a second. thle Ie adml.ttedly not

very etrong evldencE that there L,aB anv loglcel baeis to

respondtng at alJ. for many eulrJects. Juet ae probable la an

account stmply ln terms of a reaponse blas touards afflrmetlonl,

fn vleür of the tendency to affinm the valldlty of the concluslon

for all argumente.

Becauee lnterpretatlon of theee reEults le oÞscure, thle

experlment uae repllcated t¡lth three modlflcatlonar F1rstly,

ao that subJecte may be more easily ldEntLfled aE tendtng to

respond afflrrnatlvely or negatlvely, the nl¡mber of examples

of eaeh type of argument praeented uas lnc¡eased from four to

L2. From a blnsmlal test then uE can say that aubJecte

reaponding elther affl¡nattvely or negatlvely on 9 or mosB

1 The author lE lndebted to Dr. D, McNicol for thle auEgestlon.
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prtrblemo of the same type dleplay a algnlflcent tendency to

reapond ln that df.rectlon. Secondly¡ to reduce the llkellhood

of a slmple reeponee biae explanatlon, a ftfth type of argument

r¡as lncluded ln the teEt. Ïhle type had the same fErm aa

afflrrntng the antecedent, except for a negatad concluelont

thue maktng tt loglcaLly lnvalld. A conefstent denlal of

ùha val.ldlty of the concluelon ta thte argunent uould suggest

that an explanatlon other than afflrrnatl.ve blas 1e ms¡e Ilkely.

Thlrdly, rntrre lnfo¡matlon on each evaluation k¡as Bought by

requlrlng subJecte to Lndlcate not only thelr declelon on

r¡l-rether the cqneluslon follouEd from the premtses, but elso

thelr confldenee ln thls declalon.

repllçatlon and extenelon.

l. Method

Elr Sublecta. - The sUbJects üJBre 56 undergraduetes from

the euÞJect pool of fl¡et-year psychology studente Et the

Univeral,ty of Adelatde. Eelectlon of subJeete uae once agaln

made ufth the provlsfon that¡ acoordLng to Etudent teeord

cardsr none r'laa currently o¡ had been preulousl,y enrolled

ln a couree ln uhleh lnEtrucülon f.n loglc uas g!.ven.

b. P¡oblEr¡s. - The prtrblems cenElsted of the four typee

employed ln Experlment XV plue a further type, afflrmlng the

antecedant r¡lth a negated concluslsn. Here the subJeut ulas
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glvenl (l) ff p than q¡ and (2) pt and uas asked uhether

! neceeearlly folloued¡ BubJects gave thelr ansurar to each

problem by checklng one of ryesn trr rntrt, and then EhEuled thet¡

confidence In thelr Ënsuer Im¡riedlately belau¡ accs¡dlng fo one

of 3 categorLeer very confLdent¡ made¡ately confldentr not

confldant.

The rnaJorlty of condltl.onal eentsnces u¡ere taken f¡om

varisue loglc textboske. A ¡¿fde ¡EngE of toplcs üraa f.nvolved

and an lndependent Judg"1 t"u ueed to allrnlnate any sentEncea

r¡hogE çoncluelona ùrere obvlously plaualble o¡ tmplauelble.

The eententrBa contalned a mfxture Of lnstancea uhere thE tt¡¡o

propoeltlona (p, q) ulere causally relatedr and t¡here tha

cEnneetlon beth¡een the proposi.tfonE u¡as efthe¡ arbttsaly or

amlriguoue (Peelr 196?). For example¡ an l.nstance of a

condl,tÍonal. eentence tn r¡hlch the tr,n proposltions ue¡e causally

related roas¡ üIf food la eonstantly supplled to themr then

the very fterceet c¡eetu¡ee llve peasebly together[e An

example of a condltfonal sentence u¡herø the cenneatlon betueen

the propoeltlons ùrae aattltlaly uael nlf l4re. Elton ls a enobt

then Mrs. Bates lE a berer. The complete LlEt qf probleme

presented may þe found ln Appendlx B.

Br Deslgn, - Sixty problems h,€DE preeented, 12 problems fo¡

1 The authtrD sxpresses hls gratltuda to Dr. D. McNicol.
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Each ptoblem type. The order of probleme uas randomlzed ullth

thE ald of a latin eguaee es that eaçh problem type occurrEd

once Ln each blook of 5 probleme. Al1 subJects did ell

proÞlama ln the same srde¡ at thelr oun pace" The task

took approximately 3tl mlnutes for each subJect.

d. Procedure and Instructlone. - The procedure and lnetruetlons

L¡e¡e tha same aE 1n the prevlous expariment. In addltlon

to glvlng thel"r ansurer by crosslng out el.the¡ ttyeer or rrnBrr

at the end of each quÉatlon, euÞJecüe had to lndtcate thelr

confldence ln thelr Énsu,sa by checklng one of the 3 categories

unde¡neath¡ very confldent? moderately confldent? nst

confldent?

?. Resutrte

The numher sf Loglcally correct responses nade by each

eubJect ovea lZ probLeme fo¡ each problem type ùraa calculated

and a frequency dlstributton of thls daüa ls ¡ecorded ln Table

43. A Z-rrray (probl.em type x eubJecte) analyels of varlanEe

r,ne perfo¡rned on thls daùa and e elgnifleant effect fsund

for problem typer f (lrr2Æ) = 48.84r p(.801. A poet hoc

analysls ualng Ner¡man-Heuts multlpte xange comparlstrns DBVEaled

no slgniflcant dlfferencee beth,een Problem Types 2 and 3, and

betueen X and 5, r¡lth all other comparleone eLgnlflcent (g(.8I).

Thus, the srder of problen types ln teme of lncreaslng number

of oorreet responees t¡las 2 and 3, b, and L and 5. A sumnary

of the analysle of va¡tance may Þe found ln Table 44.
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rn¡'l Number of correct responsesArgunent

1. Affirming the antecedent

2. Denying the antecedent

3. Affi¡ming the consequent

Ír. Denying the consequent

5. Affi¡ming the antecedent
ulth neqated concl.usion

Binomial dlstribution

ProbaÞl11ty

TAts-E fl3.

u L2

gbserved frequency of correct ¡eeponses for each probJ.em type togethe¡

r¡1th the expected frequency and assoclated probabllity of comect

responses fo¡ a blnomial distrihution u¡here the probabillty of a cotrect

response ls equal to the probability of an tncorrect response equale lå.
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BoutEe P

BEtu¡eEn aubJecte

l¡llthfn euÞJacte

Problem Type

Resldual

Toüal

<,o01

TABLE 4l+. Analyeta sf varlaneB Bn numbE¡ of correct rBsFonEBBr

The ¡eaulte fsr each problem type uere analyzed to

deÈermlna uhether eubJecte È¡sre behavlng In a random faehlon

fn produclng thelr reaponsaer A elngle-eemple chl-square

t¿as uaed to comparE the dletrlbutlon of the frequency of

correct Deapontsee ulth a blnornlal dlstrlbutlon ulhere the

probabll!.ty of a EoarBEt reeponae la equal to the probablllty

of an lncorrect responae le equal to h. 9lgnlflcent

dlffErentrBg uBrÉ oÞtalned betr¡een thB obEervad dlatrlbutlen

and the ¡andom dlat¡tbutlon fo¡ a1l problem typee (p( 'fXll).
From a þ1nsr01al teat, 91,1%, L?r99É. 28.6oÁt 48.?16t and 96'.4Yo

of tha euhJecta dleplayed a conEletent tandency to reapond

cnrrectly, and 896, hE.Z/u) 42.91Ãt Lh.3Yq end 0% of aubJectn

conslgtantly reepondad Lneor¡eetly for Froblem Typea L, 2.

3, 4) and 5 renpectlvely.

48.84

9.61

5b6.5e

Lt.23

h

229

279

55

2?¿h

528,-?t+

4665.2I

2191+. fq

2l+79.87

519f,.95

M.5.D.F.8.5. F
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It hao been predlctEd eanLlEr that prfoarnance may

shob, aome cortelatton betueen cerfaln Fnobleu typee and

ühlE tuas assesaed by a Spearmqn renk correlatien" Thle

analysf,a lndl.cated thEt subJects u¡ho usre good perfo¡mere

qn Problem Type I uere also good performers trn Type 3,

rho (54) - 9.27s g(,05¡ Type l+, rho (54) = 0.28¡ g<.t¡sr

and Type 5, rho (50) - 0.49, E <'.01, and aubJectE uho ue¡e

goed performers sn TyFB 2 r¡e¡e good perfo¡rners en Type 5,

rho (54) - O.78r E<.01, but poor performera on Type f+,

rho(54)=-E.62rp(.0I.
An exemlnatlon uras aleo made of the prohlems ueed

for eaeh probLem type ln order to determlne b¡hether ssmE

proÞIems hlele mole dtfflcutrt than sthele. A chl Eguare

test yleldEd no slgnt.flcant depa¡turea frsm a rectangular

dlatrlbutlon for each type, lndicaülng that there urere no

real dlfferenses betbraen Frobl,Bma for number of cor¡Ecù

reaptrnaes.

Ths confldence thst the subJect had ln hte aneùrer to

each proþl.em bres meaaured by aaolgnLng the ecorae l, 2. and

3 to the confldence oategorles, very eonfldent, moderately

confldent, snd not confldent reapectlvely. An analysle

of va¡tance on the confldenee ratlngs totalled ever the

12 problame In each problem type for each subJect reveeled

a slgnlflcanü dlffErence Ln confldence for dlffe¡snü types,
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F (4 ß2o) - 3ê.59, E1rB0I. DifferentrE8 bstt¡reen lndlvldual

typee ù¡eDe tested by the Neuman-lleUie multlple-tarìEa EotnFarl$ong

method. Thle poat hoc analyeir ehor¡ed ùhat subJecte uBDs

leaEt eonfldent on F¡oblem Type tr¡ hlghe¡ confldence ratl.ngs

r¡ere oþteined on Type I than Type 4 (¿(.05)r Type 2 than

Type 3 (g(.05), and Typee I and 5 than Type 2 (g(.Bl).

An exam!.natlon uas aleo made of the conffdence ratings for

dlffe¡ent problema ulthin each tVPer and a chl-Equare el"ngle-

eample test ¡evealed no elgnlficant dlffe¡ence bet¡¡een problems

ulthln each problen type.

The degree of EarDespondence þEtr¡een performance and

osnfidEntre ùraa lnvestlgated by a Spearman rank cor¡elatlon

test. It r¡ae found that the more sonfldent' the subJect

!raa, the more cor¡act reeponses he made on Type l, DhÉ (54) =

[t.J8, E<.01, and on Type 5, rho (54) - 0.47r g(.01, but no

algnlflcant co¡ralatlons ¡¡e¡e obtained fe¡ other problem typee'

3. Dlsquaalon

From thEse reEults lt aan be sean that all but 3.6% of

the subJecte tended to conalstently reJect the esncluslon

ae lnvalLd (1,e., respond corrEctly) fur affl¡mlng the

antecedent r¡lth a negated conclusl'on (Type 5)' Thf'e ftndlng

enablea ua to tentatlvely dieregard an explanatlon of these

reeulte gtven merely ln terms of an afflrmative reeponoe blas,

although lt should be sdmlttad that thle teat 1s lneufficient
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to oompletaly elimlnate thin poeoibility from csnslderetlon

on probJ.ame othE¡ bhan affirml.ng the antecedent. It ls eleo

evident that msst aubJeets t^lare not maklng thelr Judgmente

at ranúsm fo¡ any of thc flou¡ typee of argumEnts examl.rred,

The ¡eeul,ùs lndlcata that performance on afflrmlng the

antecede¡rt f.a loglcally better than sn derryl.ng thE consequant

r¡hloh is better thsn 6n denylng the anteceden'b and affirmlng

the consequent. They also Êuggeat that ùhe dfst¡ibutlon of

seorae for aubJecta on efflrnlng the entecedent ie uni-modal,

that subJects ara uniform ln thelr Judgmente of the valldlty

af thie argumenù. This convergEnce ls Lacklng, huurever, on

denylng the antecedent, afflrmlng the consequent, and denylng

the coneequent, uherE the dlEt¡lbutlon of responatsB E¡EBms at

l.eaet bi.modal, and poaslbly ürlmodal. 0n denylng the

antecadent, ¿+8.2',t af the subJecta eonetetently afflrmed

ths valldlty of Ëhls argumertt, r,¡htle L7.9% denl.ed ite valfdlty¡

on af firrnf.ng the consaquent, 4?.9?A of aubJeets afflrmed the

val.tdlty of the argument, and ?'8,6% denled tùe valldlty3 and

on denylng the cgnsequent, 48.2% sf the subJects regarded

thls argument as valld, and 14.5# Judged lt ae lnvalld.

ReLated to thle ie the qbservatlon of a correlatlon betuEen

performance and confloencË¡ on afflrmlng the anteceoent, uthlle

nå eueh raXatlonshlp uraa oþtai.nEd fE¡ the other arquments,

probably as a teault of the dLvergencB of reopondlng on these

argumente.
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Thle flndtng euggaatø that no truth-table functlon

exlste for condltlonaL eentencee uhlch Ie common to all
lndLvlduale. For example, ldasonfe (1968þ) de¡lved truth

functlon of Fq true, p! fatsel þq falae, and þ[ lrrelevant,

roould predtct valtd DEBptrnsBe to afflrmlng the antecedent

and affl¡mlng the coneequentl anrl lnValtd reeponaes to

denylng the antecedent and deny$ng the conaequentn Bn

only one argument, afflrmtng the antecedant, 1s thle predlctlon

conflrmed for the maJortty of eubJects. NEerer to deacrlblng

the preeent reEulta Ie l4atalonte (1962) and Peelte (L967)

suggeatlon of a truth functlon ln uhlch pq tB truo, pfr falee,

pq fatee, end [[ true, elnee thle functlon predlcts valtd

xBBponEeB on all four argumenta.

It the¡efore appeale that E1ther a numbar of truth functlons

have been employed, orr alternatlvely, Bons othar c¡ltarlon

b¡aa used uhleh uae not truth-functlonal ln Judglng the valldlty

of arguments. The pradlctlon uae made easller that, lf
aubJecte Lrsls Bval.uatlng thEee argumente ln a t¡uth-functl.onel

rnennar, co¡¡elatl.ona oould be expected betu¡een Bna gr both of

affLrmlng the antecedent aAd affl,rnlng the consequent, and

afflrmlng the antecedEnt and denylnq tha coneequent. Slnce

the predlcted elgnlflcant, altheugh Ln Eome caaea amall,

correlatlons have been fsund on three out of four of theae

comparXsona, lt seEms that perhape subJecta are behavlng
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accordlng to Bome truth-functlsn uhen reaeonlnq t¡lth

condltlonal EentBntrEs.

Examlnatlon of the reeulte of tndtvlduaL eubJecta

lndicates that 5?.5ii of the subJects consletently produced

afffrmettve Judgmenta of the valldlty of al.l, four argumenta¡

3.6?6 afflrrned the valldlty of afflrmlng the antecedant and

denylng the eonsaquent, and denled the valldlty of denylng

the EntecEdent and afflrmlng the consequentl J.6% satd "yesn

to afflrming the antecedent, and inoË to thE other ergunents¡

3.6Yn gave afflrmatlve responses to affLrmlng the antecedEnt

and denyfng the antecedent, and nsgatlve rEsFonBEÞ to the

remalnlng argumenta¡ rdhlla the seEt (51.7$) of the eubJecta

uere not conelatent ln thel¡ respondlnÐ on one or mote of the

a¡guments. Frsm thle analyele ùr€ may lnfer that unly 44.7%

of the aubJacte t¿ere behaving coneietently ln a truth-functLonal

fashlon ¿¡hen reasonlng ulth tire conditlonal. The last ttro

groupe of oubJecte llated above cannut be claealfied by a

t¡uth-functlon uelng the ttlnd of lnferenqeB glven tn Tabla 41.

Acoordlng to thE lnferances Eumne¡lzed ln thle Table lt uould

Bppear thEt 3?.5% af the eubJacts have s truth functlon of

pq true, p! falee. Fq false, and þ[ true¡ 3.6Yo Foee@ss s t¡uth

funotlon uhere pq ls true, pE te false, Fq 1a true, and ffi |e

true¡ and 3.6% af the subJeete have a truth functLon u¡hlch

reada pq true, p! rat"e, þq trua, and õõ' fal"e. ft u¡lll be



357.

reÉllzed that the maet trommon truth functlon olrtalned la

the same aE the t¡uth funcùf.on glven ln propoaltlunal calculus

for the btcondltlonel. It r¡tll also bE noted that a feu

subJecte ere ln fact employlng the truth functlon for a

condltlonal sentsnce aa found 1n the propoeltlonal calculue.

The flndtng that the moet common truth functlon utlllzed

by these adult aubJecter av6rag6 age 18'7 yea¡Er ls the eame

as that found by Hatalon (1962) utth chlld¡en betu,een 9.25

and ll.5 yeara, medlan 1f1.1? yeare, and PeeI (1967) r¡lth

chlldren betuaen 5 + and lI + yeara, ralass l.rnportant lmpltcatlons

for Plagette theory of lntellectual development. Aceordlng

to Plaget, from the age of 1.1 ta L2 yssro onuard, eubJecte

develop formal operatlons. Ey thle lt la meant that subJecta

uee the loglcal forma of propoaltlonal calculus and unde¡atand

the loglcal relatlona forrnallzed In the propoeltlonal calculuet

ineludlng tha cundltlonal. Doubts that proposltional loqle

provldea tha egsEntlal et¡uctura of the final atage of LogtcaL

clevelopment and that Plagette model completely deacrlbes the

dlfforence bet¡¡een the formal operatlonal perlod and lts
predeceeeor, the concrete operetlonal stage, have already been

Bxplessed (Pareonsr 1960), and the present reeults cen only add

further trrelght to theee obJectlons r¡¡1th respeot to condftlonal

reasonlng.

It r,¡ould segm that 5.f tha truth functlons Inferred ln thls
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ExpêttmBnt are to be reconciled r¿lth that de¡lved by l¡Jason

(196Sb) and suggeated by ExperLment XIfr semÊ account nust

be taken of the task. In selestlon tasks auch aa that

typicatly employed by hleaon, other procesess may aleo Þe

involved ln additlon ta the loglcal functlon determlned 1n

evaluatlon taeks euch as the preeent. An lnltlal attempt

te dLrtlngutah sel,ectlon and evaluatlon Protresses has been

made by Johnson-Laird and Ldason (1970Þ).

The preeent experlment saxvea to shobr that proposltlonal

Ioglc does not actrount for human reaaonlng r'rlth csndltlonal

aentences. It t¡ould be useful to be able to auggeet ruaye ln

u¡hlch the loglcal model may ba modlfled to approxlmate more

closely to human performance" The best approxlmatlon that can

be offered here f.e that the condltlonal. eentenoe, if p then qt

ts t¡eated as havlng e t¡uth-functlonal meanlng the same as

the blcondltlonal, p lf and only lf g, ln propoettlonal loglc.

Unfortunatalyr thls modiftcatlon Is able to descrlbe the

behaviour of only abtrut tt¡o-fifths of the subJesta. The

maJorlty of eubJects cannot be cl'asslfled a8 functloning

Ln a loglcal senee. 0n r¡hat basle are theae eubJects

reapandlng? The inmedlate auggeetlon ls that they urere

evaluatlng argumente ln tErms of the plauslblltty of the

concluelons. Not only uere attempts mede to rnlnimlze the

role of thle factor ln deslgntng the test, houever, but aleo



no dlffB¡EnEB ¡¡¡EB found betueen problems ef.the¡ ln terms or'u''
the logLcatfty of reepone¡B or confldenee ln thle responae for

any argument. Thla flndlng also ellmlnatea an effect due

to the nature of the connectlon Þett¿een paopqsltLone (PeeIr 196?).

Elearly eome other etrategy for respondlng must have been

uttllzed, but the present expeclment does not permlt tte

ldentlftcatlon. The deslred modiflcatlsns to the model sf

human reasonlng oannot therefore þe satlafacto¡fX.y epeclfled.

0the¡ suantlflers and connectlvee

The foregolng dlscueslon hea suggested that BErorB are

evldent i.n deductlve reasontng because the meanlngs of the

quantlf lar, tlBtrmgn, and the connectl,ver nif ...thEn'.. rr, aae

not the Ean¡e ln language aa they ere tn loglc' Slmfla¡ clal'ms

can be made about othe¡ quantlfle¡s and gonnpctlvee.

Johneon-Lai.rd (I969b) referE to the ambtgulty of unlversal

negatlve statementn. Fon example, conslder the sententet

HAll, ¡aetangles are not squarestr. Thls may mean elther that

there are no rectangles u,hlch aDts Bguarer or that not all

recüangles a[E aquares. Agalnr rJohn doeg not love any chlldrt

may mBEn elthEr that John lovee no chlldlen or that John dsea

not love Just any chll,d.

In sentenoe reaeontngr co¡rnecttves such as randrr End norrl

can havE more than one meanlng. The conJunctlon, rrandilr for

lnetancEr firËV posseee elthe¡ a cornmutatlve or an ordered
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prsperty, dependlng on the semantlc propertles of the

conJolned verbs (Flllenbaumr 197f), The df.aJunctlonr "oror

can he lneluaLve or BxclusLver so that unLess the sentenoe

speclfled uhlch 1e tended, the eubJect may lnterpret the

eentence in dl.fferent ulays. Moraoverr the flndlngs of

Experlment XIf ralsed doubts that the conneetiver nlf and

only If'¡¡ le equtvalent to the blconditlonel ln syrnbollc

Ioglc. The commenùs of some subJecte 1n this experlment

euqgested that the sentence? ilGraen cards ate members of

the clase lf and only ff they are equatrerr r,les rephrased to

read rrEards ara members of the class lf and only lf they

ar€ green and Bquarert.

Further r¡ork te netrEseary to f.nveetlgate the semantlcs

of these quantlflers and connectLves, In addlt5.on, 1t ls

desl¡able to determlne r.¡hethe¡ the varloue expresslons

r¡hlch uere suggeated ea¡Ile¡ ae al,ternatives for the etandard

expreeslone for the bael"c quantlflers and eonnectlvee ln

loglc are fn fact ldentlcal ln their connotatlons and denotatLons.

Eomment

The probl,em t¡1th a Loglcal model of leasonlng emphasized

ln thls aectlon Is that of flndlng llngulstlc expreselons

uhlch are equlvalent to the operatlons descrlbed eymbol.lcally

ln logle. Underlytng the dlecuselon la a proposal. uhlch

þeara on the controveray not only þetu"reen LogLc and thoughtt
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but alao betuean languaqe and thought. Slnce all, probleme

f.n leaaoning coneldered hltherto havE lnvolved verbal rnaterlal,

tt ls to be expeotad that languaga mey play an Lrnportant nole

In the natu¡e ef the reaaanlng. Ftuch haE been t¡¡lttan on

the queetl.qn of tha relatlonehlp betueen language and thought.

$ome thea¡lEts have nralntalnsd that thought 1a dependent on

Ianguage (e.9,, tdhorfr 1956)r athere havE contendad that

Ianguage le dependent gn thought (e.9.¡ Fiaget, 1926), and

othara that thought le language (e.9., Eklnnerr 195?)r rrrhile

Jenklne (f969) has taken the ecleetlo poaltlon of aceeptlng

all th¡ee polnts of vte¡¡. hlhat le auggeated here Ie thatt

to the Extent that deductfve reaaonlng 1s dependent en

quentlfte¡s and eonnectlveE euoh as thoee ExamLned In thls

chaptarr the maanlng uhloh 1a Eaalgned to theea operatlons

ln language haa B BsmmËnsuratE role ln dete¡mlnlng the outcome

of the raassninS protrEser A elmllas ptoposal haa bean

advEnead by Elark (f969) ln a study of a forrn of deductive

¡easonlng not exEmlnad ln thlæ chapter, ühlçE-tetm se¡Iee

problema.

An tndustlve tEndsnov

A thlrd poealble Bource of fallaclsus reaeonlng [n

deductlve problems may be a tendenoy for aubJecüe to mEke

lnfe¡encas lnductlvely rathe¡ than daductlvely, In deduatlon

eonclueltrns a¡B elthar true o¡ falee. Poeslbly lack of
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famlllarlty r,rlth proposLtlone üthlch flt sB tronvenfently f"nto

one or other ef ühese eategorlee lEede subJects ts aeek

lntermedlate oategorles, fol example¡ probably true end

probably falee. Sueh oategorlea, hourevar, exlEt only ln

Inductlon.

Thl.s t¡rpæ of explanatlon of BrtotrB ln daduatlve reaeonlng

ls conelatent ulth the Hcautlonr hypotheele of Uooduorth and

Sells (t9r6), wha postutated that partlaul,ar coneluelgng are

more reedfly Enqepted than unlveraaLa. It 1E eleo ln

agreement r¡lth the aceounts glven by Bhapmen and ghapman

(1959) end hlason (196lr).

Regrettably, no experlmente have dlrectly compared

lnduct[ve end dEduetlve apprtrachea to problema. 0na method

that mlght be uaed ln eome future Bxperünents on e\¡lloglstIc

reagonlng ls to requlre uubJecte to aaaeaa tha concluelon tn

6 5-polnt ratlng scale reFrasentlng a true-fatrae conülnuum

ranglng from abaolutely true through plobably truer lndetermlnate,

prohably fal,ee, to abaoluteLy falaE. If aubJecte are reeeonlng

deductlvelyr then they should aaaLgn extreme values to the

eonelualon. 0n the other hendt lf aubJecta e¡e reaannlng

lndrlctlvely, a more Eent¡El tendenuy ahould be Evldent.

From Experiment XUI 1t eeems lf.kely that the tendoncy

to reason elther tnductlvaly or deductlvely may very ullth

the form of the aylLogfsmo In thle experlment subJecta
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ûrerr typlcally vEDy confldsnt tn ¡valuat!,ng the concluelsn

to afflrrntng the enüsccd¡nt as truer yet utth ot¡hør argumente

they uere ler¡ confldant. 0n thEra argumcntr, !.f giwan the

opportunlty, cubJectr mcy hcve Judged the conoluaiEn a¡

prubably t¡ue or proÞably fatre¡ Er BvEn lndetEsntnste. It
al¡o ¡arma porrlbla that thl¡ t¡ndoncy may dlffEr for asnc¡Eta

and abrtract msterlrl. end b¡tu¡¡n ¡eLectlon and Eval.uatlen

tasks. Indlyldual dtl'fcranBe¡ orc al¡s of lnterest, to aee

uhether lndl,vldusls EEnrlatently vr[V from En€ anqthe¡ ln

the degree to dtf.eh they exhiÞtt a d¡ductlv¡ er 1r¡duotlve

tendrnoy. Elearly, thers la acopa here for fu¡the¡ uErk.
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EHAPTER 8

IF{PLTCATIONS FOR FUTURE RESEAREH

The startlng polnt for thle ¡eseerch carBfrerî a

sonslde¡atlqn of the typea of solutlons requirad oF subJects

in varloue problem-salvi.ng taska. One sfl the dlffleultles

r¡Lth lnterpreteülsn |n thln area ts related to the questlon

of t.rhaù It ls that the aubJect !e learnlng. Reference hae

already þeen made ln Ehapte¡ 6 to these dlfflcul.tf'ee. It

oeçurred ta tha autho¡ that one approach uhlch mlght eventuatrly

Iead to the lntegretlon of problgm-EolVlng studlea utas to

attempt to construst a syatem of rules r¿hlch could by varlous

Eomblnatlotte ofl rulee produce any of the solutlons to the

taEks conslderad. In thls Bchemg a ¡ule uaa concelved of

ôtmply aÊ any EpectftablE ¡elatlonshlp þetu¡een eets of

entltlee ot tsvents. The obvlous ploblem ln thle approaoh

uas to determlns uhlch rules r,lelE baslc to theee taeksr so

ln Ehapter I a taxonomy of rules ü¡as suggested. Log1cal

rules hrere then chosen for detalled lnvestlgatlon to begln

r¡l.th beqauea they comprlsed thE most adequately claeslfled

set of rules. As an experinental peradlqm for lnvestlgatlng

the relatlonehfp betr¡een euch rulas and behavlour, concept

learnlng h¡es ohosen because lt saemed ln many respects to

be slmllar to prohlem-po1v1ng, and moresver, an extenelve
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r¡r¡q¡nt a? ct8ts €s ala8tdy Evst¡€ble on ühe perforaence of

er.rbJeote rnrde¡ uerylng ærdltlonet lnslutllng a f¡u aü¡dlea

on the aff¡sts of n¡lEa¡

ThaEE hnal tfia orlglna o? Êtp raasa¡dt s€porterl tn

thl,¡ fJrrsl¡. lf ln?E¡slaea a&¡t Broùlæ-aolvlng bçd¡cvlour

ars to be m&, ttttri thlo rsaottìch naode to Þ8 rxt¡ndad [n

ecve¡al Eye. Sæ e? tlt¡Ee þByB heve otrready æst dlecusegd

in ee¡Iler cñoptereo 0na ef thc ræyc not oanÈtoncd ls Èh¡

nod to axælns Ëha EttÁltmcnt of mea cæplax sstæpts

fo¡wd Þy eoneSlmùlqtc of n¡leo. tha precant experloents

hsve ffii ltraltrd b cornapt€ hwlãg tm relcmnt attrlh¡te

values llnltEtt by E alngle ¡t¡le' fn sae cascf¡ tltl.s rule

hse b€en euggaatd ts w¡41¡t o? wlt ?trrdsrsttal nrlcat

for exarryle, ÈhÊ blærdttlonal, F€er aoay alao bt expreecd

6s (Ð n q) u (Fnq). Èlole rærk, hor.nuerr stæt¡td bE ú4!E

to doüermUu tlre effstrts af g{ratntng of ruhor b eee ta

rôEt extent tfta dl??lculty o? tha drstn la a ftnctlon o? tlrs

dtfftcutttge o? tfia tndluldtnl llr*r ln the çúroln, Ew
expsrlmanÈe ceuld bo ænducted, tbr exarrple, to coçare

curcepÈuat Ber?s¡u¡noc fas eonccp3e ltkr (pn g)ñ r¡ (pAq) urt

pn (e Ur)r ott..
A eeæftd dlrætlon los ?r¡tr¡rs rasææû¡ la ts lnvcoffgntu

tûrs ettol¡n¡nt anó utfltratlon of oÊtrer typæ of wtryùa.
For exrqle, an ryproach üo etqrcntlal pattsrn l¡¡rnlng cm
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nou be establ.lshed on the foundations l,atd by Slmon and

l{otovsky (1963) and Rastle (19704). rn ùhls area the

conditlonal rule seeme llkely to be an lnportant tool ln

analyzlng relatlonehlpe betueen varlouE comPonenta ln the

BEquEncEr äfld lndeed thls seeme a mote natu¡al eltuatlon

for thle ruLe to be opelatlng than the convEntlonal. nomlnal

form of claaslflcatlon employed ln the experlments he¡e.

Regrettably tlttle aselatance in theae lnvestlgatlona seame

Llkety to come frorn tradltlonal etudles of serial learnlng

(Batttqr 1969). Th¡ough eystemetlc experlmentatlon ln the

manner advocated here, hotuevel¡ lt may be found that many

of the varlablee uJhlsh affect the fo¡matlon of loglcal rules

have a sfmllar effect on the acqulsitlon of aequentlal

relatlonshlpe, 0ther studlee should be devotEd to an

examtnatlon of mathematLcal rulee. Bne experlment

exempl.lfylng the type of reeearch envisaEed 1s Elfermann

and Etzlonrs (L96[) attempts to aceount fo¡ urhy the operatlon

of addltlon le eaele¡ than that of aubtractlon.

The notlon of rule rrlhlch haE been conElderEd here ls

one of ä meantr for ¡elatlng obJects and evente fn the

envl¡onment, It has been aesumed that lndlvlduals a¡e

conetantly seeklng to represent the lnformatlon ln thElr

snvlronment in a msre economlcal fo¡m and that to achleve
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thfe obJeotlve they look fe¡ reEularltles or conelptencfee

j,n the ¡el.atlenahipe betueen etlnull, Rulea have been

taken to provldB B brey of desc¡lblng theee soneletencles

and regula¡ltleE exlatlng batu¡een stlmuli. An lmportant

df.stlnctton 1s netrBssary here. Becauae aubJecte are fsund

to respond In a manne¡ predl.cted by a rule analyels, thle

ie not sufflclent Evldence to lndLcate that the eubJact

hlmself la utÍ.lXztng the eame rule ae the experfuoentet,

L¡nleEe 1t can be oqnclualvely shobln that thare are no other

ruleE uhlsh could Þe uaed to puoduee the r€BFBnBs. In the

Iatte¡ case lt rnay be deduced that the partlculat rule uaad

to relate the stlmull muEt be palt sf the aubJectla behavlou¡al

lepertoLre. ldtth ve¡y feur exoeptlone, hEuEval, ue do not

eeem to have reached thfs polnt uhe¡e uE can make strong

asaertlonE about the equtvalence of the rulEa uEed ln taak

analyels and thE ¡uIEs r¡hlch give rles to regularltlEs and

conststancles ln reapondtng. In gome caEEBr ln fact, BB

for thE condltlonal, ue have been able to shord that the

Logical ¡ule and the peychalogtcal rul,e are not equtvalent,

Thls dlsülnctlon needs to be madE ln vlehr of esme

apparent confuElon j.n certaln thEo¡lee of lntellEctual

behavlou¡. Eagne (f970), for example, auggests that a

rule trmust be eomethlng thot accountE for eeguJ.arlty ln

behavlou¡ in the face of vlrtualLy lnffnlte va¡latlone in
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speolftc etlmulatlon. A rule, thenr ls an lnfer¡ed

cepabllfty that enables the lndivldual to reapond üo a

çlaEs of stlmulus ettuatlone r¿1th a claee of peeformancestr.

Plaget Ilker¡¡Lee eEEs the logloal operattons ueed ts chatacterlze

o¡ descrtbe the thlnktng of hle eubJects as lntrlnelc to

thel¡ cognltlve strugture. The posltton euggested here ls

that ruIEE¡ are a useful deecrlptlve tool for tresearch on

human ¡eaeonlng and concepùual behavlour, but lt Eeelne rather

premature ts lnfen that these are the rulee r¡hlch eubJecte

themeelvee uttllze to t¡ansfo¡m lnfo¡matlon eneounterad durlng

a taek. In thtE ËBnEB, moRB Bvidenea ls requleed before u@

can 6ay, for example, that chlldren hEve acqulred certatn

loglcal. operatlona r¡hlch are contained ln cognltlve st¡uctureo

(Inhelder and Plaget, 1958). Thie l,s not lntended to euggest

that no attempt should þe made to determlne the natura of

cognltlve structuree, only thet euch attemptE should be

def,lnlttve before clatmlng evldance fo¡ the Precence olo a

partlcular rule governlng behavf.our. The preclplon regulred

for peoduclng euch evtdence FeFrasente one of the maJor

challengea faclng thfs approach to cognl'tlon.
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369.
APPENÐIX A

Sentenqea preecnted ln Experlnent XV

If Jehn trBteheo the bua on tlmef than he mlsacs
hla appolntment.
He doEE not mleE hle appof,ntoent.
John doeE not cattrh the bua sn tLnts.

Vec? No?

If the Freeldent lc golng to veto thls Þ111,
then the Senate u¡lll stand by hlm¡ t n h!.e efforta
to get hlE tex leglolatf.on paaaed.
The Preeldent la nEt Solng to veto thta blllr
The Senate u¡111 not stond by hlm [n hla Efforts
to get hla tax legielatlon paseed.

YEe? No?

ff Mary knou¡e the rulea sf punetuatlsn, then
6hs dld u¡ell on the teat today.
llary dld ¡r¡ell on the test today.
Hary kno¡¡e the rulea of punctuatlen.

YeE? No?

If l¡lark Îu¡aln lntendEd te eatlrlze losal cuatoms,
than he uag a fosltEh man.
Ha¡k Tr¡sln lntended to eatlrl¡e loeal cuctsns.
Hc brae a foollsh man.

Vee? No?

b.

If the Boa¡d of Eduoatlon augFenda young Bror¡n from
echool, then 1t urlll ba actlng uncsnatltutLonally.
The Board sf EducEtlon does not auapsnd young Broun
from achsol.
It t¡rlll not be actlng unconatl.tutlonally.

Vse? No?

t Êl¡a

3. Br

b.
9a

h. Êo

b.

5. Ë¡

Qr

Er
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6. âo If Peter f.s nearslghted, then hle EyFB sre defectlve.
b. Peter ls nearelghtedr
Er Hle eyee ErE defsotlvE.

Yee? No?

7. Et¡ If tha kltohEn hae da¡k-€slqurtsd unllc, then
1t l¡ ua],l-llghted.
It tc not UEII-Ilghted.
The kltchen deae not hsvB dark-coloured uqlle.

Yes? No?

Þ.
l¿a

B. Glo If tha hþrd ñgotngr ln thet eentcnce la a gerund,
th¡n 1t funetlon¡ llke â ilourrr

b' trü functtona llke I Roun¡
Bo ïhs uord ogolngn ln thet ¡entenea Ie a gcrund'

Yee? fla?

9. Er

b.
9a

r0.

lf the Attorneydlaneral lntsrvenea, then the mayor-
slest udll b¡ a mEehlne pollülelan¡
The AttoDnBy-S3¡s¡al lnüs¡.1rgngs.
The mayor-Elact u¡111 be E Retrhl.ne polltlclan¡

Yea? filo?

Er lf the cosmlEalonBr La an lndependsnt, then he
la a nlght eLub trb#ler¡

b. The eemnlraLEner 1r nst a ntght glub euner.
Et The eewntaelEner le not Én lndepEndent.

Yae? lto?

Êtr If thts palntlng has trus ertlstlo enrth, then
Lt le a pur6 otudy In form,

b. Thla patnùf.ng hae not truE artlstlc r¡,otthf
Gr trt la not a pure atudy fn fo¡m.

' Yea? No?

11.
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L2. Er If ÈhEt man butne Bur flag¡ then ha lc a Comunlst¡
b. H¡ la e ÊommunLst.
6, That man burne our flagr

VeE? Ne?

lt. Er If thEre la gotng ta be c rtorm üonlght, then the
bE¡omete! ls felllngr
Th¡ baromste¡ 1r net falLlng.
There l¡ not golng to be a etqrm tonlght"

Yea? f{o?

b.
Ei¡

l&. Er If anythlng ta a aptder, then lt la an lnaecùc
b. Anythlng le a eplder,
E¡ It fa an InEectr

Yes? No?

15. Er

b.
Gr

16. gc

b.

L.a

If Henry hae ms¡at earuplna agatnat dllnklngl
then he nEVEa ú¡tnks.
llc nevgr drlnka.
Henry has moral aeruplea agalnat drlnklng.

Yea? NE?

If the Eum of the dlglt¡ of 298 te evenly dtvlatble
by nlna, thEn 298 lo svenly dtvlelble by nlne.
The eum sf Ëhe dlglüs ef ?98 [a not evanly dlvlal,þl,e
by nlne.
298 la not evenly d!,vla&ble by nlne.

YEa? No?
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AI'FEIìIDIX B

SentencEe presented ln Expeslmant XUI

I, E) If the etlnulue of Exa¡al.natlon ls unnÉceagary for the
ambltloua atudent, thEn ExamLnatlone Ehould be dropped
f¡om all" couDEEa.

b) The stlrrulue nf cxamlnatlane ts unnecgsÉaay far ùha
ambltleue Etudent.

c) ExamlnatlonE Ehould be dropped frnm all eourees.

ANSIdER ¡ Vea? No?
EBNFIDENGE¡ Very conftdent? l¡lode¡ately confldent? Not confldent?

2. a) If the doctrlne of the pBEBe movement fa applfEd all,
around, then the¡e t¿111 be an end to mllltary dlsclpllne.

b) The doet¡lne of thE pesca movement lE nst applted
aII around.

c) There ulll not be an end to rntlltary dlcclpllne.

AfS6t¡lERl Yea? No?
CONFIDENEE¡ Uery confldent? HqderatEly confldent Nst confldEnt?

3. a) If educatlon beesmEa unlvereal, then ¡de ¡,rlll all be
uhlte-collar uorke¡e.

b) t¡E r¡11,1 not all be ¡¡rhlte-colla¡ untrke¡e.

E) Educatlon does not bEcome unlueraal.

ANSI¡¡EB¡ YeeT No?
EBNFIDENCE¡ Very confldent? Hoderately confident? Not aonftdent?
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tr a) If Each one ef uE can havE dI¡ect acqualntance only utlth

a elngle mlndr namely, hls obnr ühen a Eslentl?lc
þayehology 15 lrnposelbler

b) A eolentlflc peycholoBy 18 fmpoesl,bX'e.

e) Each one of ua can have dl¡ect aequalntence only uttth
a eLngXe mlnd, namely. hle ou,lnt

ANgtdER r Yea? ftlo?
EBNFtrDENEE¡ Uøry confldent? ${adErately confldont? l\lot oonfldEnt?

5. a) If Maay 1s E t¡ua f¡lend¡ then Jshn lE telllng the truth.

b) Fîary le a true f¡tend.

c) John ls not telll.ng tha ü¡uth.

ANSIdER¡ Yee? Na?
E0NFIDENEE¡ Uery confldent? Floderately confldenü? Not confldent?

6. a) If hle uttErance hag multfple sangs6, then lt le amblguous¡

b) Hla uttEranca doea not have nultlpla EEItBEtso

c) It 1e not amÞlguous.

ANSIdER¡ YeE? No?
EBNFIÞENGET Uery confldent? !{ode¡ataly confldent? Not conftdent?

7. a) If I play poker¡ then peopla ulll takE ¡ne Ea a mtsmber ef
the uppet clagcee.

Þ) I play pii!<er.

c) FeoptE ulLI take ma aB E member sf ùhe upper clEeeeE.

ANËUEAr Yes? Ho?
ETNFIDENDE: Uery eonfldent? Hodsrately confldent? Not ssnfldent?



t'74.

8. a) If thc cont¡aÊt 18 ualldr then Horatlo ls X.lable.

b) The contraet ta vqlld.

c) Ho¡atlo ls not llaþle.

ANSþlEf,r Yea? No?
G0NFIDENEET Uery confldent? $4ode¡EÈely confldent? Not confldent?

9. a) If the patlent ls late fo¡ her appolntmantr then ehe hae
loat confldenee 1n the doctEr.

b) the haa net lost confLdenca In the doctor.

c) ThE petlent le not lata for her appolntment.

ANgtt¡gRr Yes? No?
CgqFIDEn¡GEr Uery eonfldent? l{odErately eonfldent? ltlot confldent?

10. a) If f.larlanne balleved thEt Gelonel Brandon s¡Ee too o.trd tq
mastry, then her conduet uas not eonelstent k¡lth hE¡ bellsfs.

b) Her eanduct ¡,¡ae not oonalatent ulth he¡ þellefe.

c) Harlanne þelleved thEt EoLanel Brandan rn¡aa too old to IoEEDI.

ANSIdER ¡ Yes? No?
ESNFIÞENEE¡ Uery confldent? $oderately confldent? l$ot aonfident?

ll. a) If thE prleoner r*¡ae t¡lcked lnto pleadlng gulltyr then
the prleonea uEa denled due paoseBs of lau.

b) Tf¡E prlsoner uaa not denlad due proceEE ef lau.

c) The prlsoner. uae nst trtcked lnto plaadlng gullty.

ANgldER ¡ Vea? NE?
E$tFIBÉ,NGE¡ Uery confldent? !¡loderately confldent? Not eonfldent?
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a) If a Juet peatre ls not achleved Þy denocratXc meangr then
lt 1e necesaary to uae vl.olence,

b) A Juet peaoe 1s not achleved by democratlc means,

c) trt le not nBtrBsstary to uee vlolence,

ANSITJER: Yee? Nn?
CONFIDEI\IEE¡ Uery confldEnt? Hsderaüely confident? Not confldent?

13. a) If the murderer dld not uant to cover up a crlme of theftt
then he commltted a crima of paselon.

þ) He csmmitted a crlme of paeslqn.

c) The murderer dld not r¡ant to cover up a crlrne of theft.

ANgtdER I Yes? No?
C0NFIDENEEe Very confldent? Hoderately confldent? Not csnfldent?

14. a) If happlnaes conalste ln peace of rnlnd, thenpychology
la neceesary for true happlneag.

b) Happlnegs Eonslsüe ln peace qf ¡nlnd.

c) Psysnology la neceaaary for trua hepplneaa"

ANSUJER ¡ Yes? No?
CENFIDENEET Very Conflrlent? Mods¡ately eonfident? Not conftdent?

15. a) If chlldren are paid fo¡ all the Jobs they do around the
house, then the famtly ¡,l1II be bankrupt.

b) Ehlldagn arg not pald for all the JoÞs they do a¡ound
the house.

c) The famlly r¿11,1 not ba bankrupt.

ANBI¡¡ER: Vee? No?
DTINFIDENEE¡ Uery conftdent? !¿lode¡ately confident? Nst confident?
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16. a) If Jonea does not appear befo¡e the draft board, then
he hea faLled hls mediqal examt netlon.

b) He hae falled hls medlcal examl.natlon.

c) Jonee does not appsar before the draft board.

ANSbIER¡ Ves? No?
GONFIDENEET Very confldent? Moderatel.y confldent? Not confldent?

L?, a) ff eeonomle behavLour la the IlfEleas phenomenon portrayed
tn ecsnomlc modele, then the slgnlflcant attrlbutee of
occupatlons¡ are theL¡ ektll and the supply and demand of them.

b) The slgnlflcant attrtbutes of occupatlons are not thei.r
sklll and the eupply and demand of them.

c) EconomLc behavLour ls not the llfeless phenomenon portrayed
ln eqonomlc models.

ANSITIER 3 Yes? No?
C0NFIDENEE¡ Vary confldent? ModE¡ately oonfldent? Not confldent?

I8, a) If the tr¡e Great Pou¡srs ctrme to an agreement, then ue may
hope for p€ece for at least tuenÈy years.

b) The tun Ereat For¡ars do not come to an agreement.

c) lde may not hope for paatre for at least tulenty yesrs.

ANSI'JER: YEe? No?
ETINFIDENEE¡ Very confldent? F4oderately confldent? Not confldent?

19. a) If aLl men are mortal, then the human race r'¡111 aome day
come to an end.

b) AII men ere mortal.

c) The human race ultll not eome day come to an end.

ANSIdER ¡ Yes? No?
C0NFIDENEE; Very confldent? Moderataly confldent? Not confl.dent?
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29. a) Ifl EBme responslble unlon offictal r¡iII meet urlth the
Federal trsncillatlon ufficlal, then the management proposea
that the present lnveatlgatlon be contlnued"

b) Ssme responetble unlon offlslal ¿'¡lll. maet ufth the FEderal
canclllatlon offlclal.

c) The management propoaeE tl"rat the present lnvestlgatlon
be contlnued.

ANSUIER ¡ Yee? No?
E0NFIDENCEI Uery confldent? ffioderately confident? Not eonfldent?

2L. a) If uate¡ hae a hlgher latent hEat than alr, then more
calorles are needed to ¡dËrm a gfven ar¡eunt of uater than
are needed tq uarrn an equal amount sf ai.r.

b) l¡Jater has a higher latent heat than al¡.

c) More calurf"es BaB not needad to uarm a glven amount of
uater than a¡e needed to uarm an equal amount of ai¡.

ANSII¡ER: Yee ? No?
CONFIDENCE¡ Uery confldent? Modarately confldent? Not cqnfldent?

2?'. a) If lnherltancê Le an Lnnate lnetltution uf a capiüallst
Boonomy, then ltE abolltlon Bould laad to a progreaelve
aoclalizatlon of the où¡nershlF of producerst gooda.

e abolltlon u¡suLd lead ùo a progreeeive soctalfzatlon
the sùrnerohlp of producerar goode,

c) Inharltance la an lnnate lnatltutlon of capltalfat econony.

ANSlrlgR ¡ YeE? No?
EONFIDENEE: Uery confldenü? Hoderately confldent? Not confldent?

23. a) If that cttizen enroll.s ln a palltlcal party, then hE lE
forfelting hls tndependence.

b) Tnat cltlzen enrolls ln a politlcal party.
c) He 1E fo¡fettLng hls lndependence.

ANSI¡JER o Ves? No?
EONFXDENEE¡ Uery confldent? Moderately confldent? Not confldent?

tr) It
of
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2t+. a) ¡f al,l other cl¡trumatances ar€ €qualr than uaggs are hlgher
ln neu than ln ol"d tradee.

b) AII othe¡ etrcumetantrEg arE not equal.

c) trlages are not hlgher f.n neu than ln old tradeE.

ANSIdER ¡ Yee? No?
CBNFIDENGEI Uery confldent? Hoderataly confldent? Not confldent?

25. a) If the Roman Emplre c¡umbled to duat, then lt leeked the
aplrlt of lfberallsm and free enterprlae.

h) tt dtd not laok the apirlt of llberallam and free snterptlse.

e) The Roman Enrplre dld nst crumÞIe to duat.

AN8U€R¡ Yes? No?
G0r{FIDENGEI Very confldent? Hadarate}y confldent? Not confident?

26. a) If aoeLety le ultheut cympathy and love, thEn I as¡ not
reeponalble fo¡ rny aotlona.

b) Soclety le r¡tthout aynpathy and love.

c) f arn reeponalble for my actlons.

ANEIdER: Yea? No?
GBNFIDENCET Uery confldent? Hoderately confldent? Not confldent?

2?, a) If obJecte of a¡t Ere Expresalve, then thsv are e language.

b) fhey are a language,

c) 0bJecta of a¡t sre expreaalve.

ANSIIER r Yee? No?
E0NFIDEflCE¡ llary conftdent? Floderately confldent? frlot confidEnt?
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2A. a) If the hlgh prlce of corn ls the effect of an lncreaslng
demand, then It ie preceded by an fncrease J.n brEE¡Esr

b) It le not preceded by an tncrease ln Ltages.

c) ThE hlgh prlce of co¡n fe not the effect of an lncreasing
demand.

ANSI¡JER ¡ Vea? No?
CENFIDENGET Uery confldent? Þloderately eonfldent? Not confident?

29. a) If that man Is ldle¡ then he ls an apprentlee.

b) That man 1s not ldle"

c) He is not an apprentLce.

AfìlSùlER ¡ YeE? No?
EONFIDENTE¡ Uery oonf!.dent? Moderately confldent? NEt confldenù?

3[l. a) If Smlth ls allo¡¿ed to be a Judge ln hls obm eãuaer then
hls lnterest r¡ll1 couupt hle Integrlty.

b) Smlth ls allokiEd to be a ludge ln his qun cauoer

c) Hfs fntereet ulll sorrupt hLs lntegrlty.

Al\l6hlER ¡ Yes? No?
CBNFIÐÉNEE¡ Veey confLdent? Mode¡ately confldent? Not confldent?

3I. a) Xf ürE tran take etelnity to mEan not lnflnltE Èemporal
duratlon but tlmaleesnese, then ete¡nal llfe belongs to
those ¡¡ho llve ln the preaent.

b) Eternal llfe belongs to thoae uho llve In the preaent.

c) hle can take eternfty to mean not lnff.nLte temporal duratlon
but tlmelesenees,

ANSIdER ¡ Yes? No?
E0NFIDENEE¡ Very conftdent? Mode¡ately eonfLdent? Not confldent?
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32. a) If that usman ls r,lealthyr then Ehe has a r¡eak deslre to
produce chlldren.

b) That ù,Ðman 1g not uealthy.

c) She does not have a t¿eak deef.re to produce chLldren.

ANShIER ¡ VCA? N¡?
GONFIDENEE¡ Uery confldent? Moderately confldent? Not confldent?

33. a) If extra-sengs¡y perceptlon ls accepted aEl Ë factr then
the doctrf.ne of clalrvoyäntrB must l¡e coneldered aeriously.

b) Extra-Eengqay perceptlon le acceptad aa a fact.

c) The doctrlne of clairvoyãntrE muat bE cEnslde¡ed serf.oualy.

ANSIdER ¡ Yes? Ns?
CONFIDENEE¡ Uery confldEnt? Modesately confldent? Not eonfldent?

3q. a) If Manpertlua proposed to inEtltute psychologlcal tnvestlgatl¡ns
by means of oplum, then he uas an lngenf.ous ¡ran.

b) He uaa nst an lngenLoue man.

e) Î'{anpertfue dtd not p¡opBBE to inetttute paychological
lnveatlgatlons by means of opium.

A^lSl¡¡ER ' Yee? No?
TENFIDENEE¡ Uery conftdant? Flode¡ately confldent? Not confldEnt?

35. a) If she LsqksbEautlful ln the photographr then the
photographar h,as vsry ekIIfuI In his use of llghting.

b) She LookE beauttful fn tha photograph.

c) The photagrapher uaa not very skllful fn hle uee of L19htlng.

ANSIdER ¡ Yes? No?
E0NFIDENE€¡ Uery eonfldent? Floderaùely confldent? Not confidEnt?
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36. E) If Pluto hae a dlameter of more then 4¡Z0D mlles, then
an occultatlon ocou¡rEd at McDona1d Ebservatory.

b) An occultatlon dld not occur at McDonald Observatory.

c) Pluto does not have a dlameter of mtrre than 41200 milea.

ANSI¡,ER ¡ Yes? No?
E0NFIDENEE¡ Uery confldent? ModeratEly confLdent? flot confldent?

37. a) If eta¡vlng Hindue ElE eensible, they r¡lII slaughtar thel¡
cErJs for food.

b) Sta¡vlng Htnduts are eenslble.

c) They ulll not elaughter thelr eoue for food,

ANghlER; Ves? No?
CONFIDENCE¡ Vary conftdent? Moderately confldent? Not confident?

3ê. Ê) If food fs conetantly supplled to them, then tha vsry
flerceet creaturEa llve peacebly together.

b) Foqd ls not tronstantly supplled to them.

c) The very flercest sreaturea do not llve peacably tagether.

ANSI¡JER: Yes? No?
GONFIDENEE¡ UBry confldent? Mode¡ately confldent? Not confldent?

39. a) If people uho are tolerably fortunate ln thelr outu¡ard lot
do not flnd ln llfe sufflcl.ent enJoyment to mEka lt valuaþle
to them, then the eauae ls, carlng fo¡ nobody but themselves.

b) People r,rho are tslarably forùunete In thelr sutruard let do
not flnd ln llfe sufflclent enJoyment to make lt valuable
to them.

c) The cauee ie, carlng for nobody but themselves.

ANSIúER: Yes? Ne?
EONFIÐENEE¡ Uery confldent? Floderately eonfldent? Not confldent?
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40. a) If these laus burden the petltlonersr rlght ts ùIorshlp God

ln thef.r ourn faahlon, then thE lar¡s sheuld be struck doun.

b) The lat¿s shoul.d þe etruck dou¡n.

c) Theee Lar.^ls burden the petltlonerst ri.ght to t¡orehtp God
ln thelr oun fashlon.

ANSIdER: Ves? No?
TBNFIOENEE: Very confldent? Moderately confldent? Nst confldent?

41. a) If the llcense tax ls lald spactflcally on the prlvllege
of dlssemlnatlng ldeas, then the Itoense tax t¡ould lnfrlnge
the rlght sf f¡ee speech.

b) The llcenae tax ie not laid speclflcal.ly on the prlvllege
of dlssemlnating ldeas.

e) The lLcenae tax r'.lould not lnfrlnge on the rlght of free speech.

ANSlrlER. Yae? No?
E0NFIDENCEg Very confldent? Moderately confldent? Not confldent?

l+2. a) If these chl.ldren have a feu mo¡e years of compulsory
educatton, then ùhey rrllll all end up glbÞering ldiots.

b) These ehlldren have a feur more years of compulsory educatlon.

c) TheV r¡1ll all, end up glbbering ldlota.

ANSUJER ¡ Yea? No?
EONFIDENEET Uery confldent? Flode¡ately confldent? Not confldent?

43. a) If Hamllton held a consldereble numbe¡ of mfnlng ehales,
then he left a large estate at hls death.

b) Hamllton held a EtrnÊlderable number of mlnlnE ehares.

c) He dld not leave a large eetate at hla death.

ANSITJER ' Ves? No?
E0NFIDENCE¡ Uery confldent? Msderately confldent? Not confldent?
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44. E) If l{ingel,ey glvse the namE hfEJ.r sexr to thaù undar-slzedr
narrou-ahouldered, broad-hfpFedr sholt-Iegged race, then
hiE intellect le clouded by hf.e eexual lmpulse.

i¡) Hte intelleet la clouded by hle sexual impulse.

c) l(ingaley glves the name Efalr eextr to that under-slzed,
narrsur-shouldered, broad-hlppedr short-legged race.

ANtülER ¡ Yee? No?
E0NFIDE$GE¡ Uery confident? l"lode¡ately uonfldent? Not confl.dent?

¿r5. a) If thEt queetlon ie dleeuaaed freely, then lt Ls eettled
rightly.

b) It le not settled rlghtly.
c) That quastlon ls not di"ecueaed freeJ.y.

ANSt¡lERr Yee? No?
C0NFIDENCE¡ Uery confl.dent? Hode¡ately confldent? Not confldent?

46, a) If il{¡, Jsneg ls the brakemanra next-door neighbous, then
Ml. JonEar annuaL earnlnge are sxerctly dlvLaible by three.

b) Mr. Jonea ls the brakemanre next-door nel.ghbour.

c) Flr. Joneet annual earnlngs are Bxaotly dtvlelble by three.

ANSIdER ¡ Vee? No?
EBNFIDENCE¡ Uery confldent? Flederately confident? Not confldent?

47. a) If r¡le lnÈerfere r¡1th the publlcatton of falae and ha¡mful
doctrines, then r¡e ehall be gull'ty of euppreeeing the
llbertl.ee of othere.

b) lde ehall not be qullty of suppreael.ng tha llþertlea of others.

c) UE do net lnterfare rslth the publlcatt.on of false and
harmful doutrines.

ANE|¡JER r Yes? No?
TONFIDENCE¡ Uery confldent? ModeratEly confldent? Not confldent?
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¿+8, a) If the ma¡ket fs perfectly frear then a slngle suppller
cannot affect prLcea.

b) A sfngle supplle¡ cannot affect prlces.

c) The rna¡kat 1a perfectly free,

ANSIdER ' Yes? No?
E0NFIDENEË¡ Uery confldent? Moderately confldent? Not confldent?

t+Ð. a) If the ca¡ r¡as drlfting all sve¡ the load, then ùhe d¡Xver
had a breathalyser readlng above ,08,

h) Tne car b¡ag drlftlng aLl ove¡ the road.

c) The driver dld not have a breathalvegr raadlng above .08.

ANSIdER ¡ Ves? No?
CCINFIDENCE¡ Uery oonfldent? Hode¡ately confldent? Not confldant?

50. a) If the f4osalc account of the cosmogtrny ls st¡lctly couectt
then the sun hraa created on the fourth day.

b) The MoEalc account of the coamogony 1s not etrletly correct.

c) The aun brag not c¡eated on the fourth dey.

ANE¡I¡¡ER ¡ Yea? No?
E0NFIDENEE¡ Veny confldent? l4ode¡ately confldent? Not confldent?

51. a) If Harrlson uras a cfgarette smoke¡, then he dled of lung
cancEr.

b) Ha¡rison uas a clgarette smoker.

c) He dld nst dle sf lung cancer.

ANSbJER ¡ YEE? RJO?

EÍINFIDENEE¡ Uery confídent? Hoderately eonfldent? Not confldentT
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52. a) If Harold Entered lnto the contract,
lend h1m monay.

b) Tne bank r¡¡1II lend h!.m noney.

e) HaroLd ente¡ed lnto the cont¡act.

ANSI¡JERI YeE? No?
EONFIDENEEI Uery conftdent? t{oderately confldent? Not confldent?

53. a) If people lfke to l,lve ulth thelr 1n-Iar,ra, then houelng
18 scetcg.

þ) People ltke to llve r*rtth thel¡ ln-laus*

e) Houalng l.e aealee.

ANEidER I VEs? No?
GOSIFIDENEE¡ Uery confldent? Hodarately confldent? Not confldent?

54. a) If prlcea are Lor,r, then salea ar6 htgh,

b) SaLas are noü hlgh.

c) P¡lces ÉrB not lou.

ANSIdER I YEe? No?
CONFIDENCE¡ Very eonfldent? Moderately eonftdent? Nqt confldent?

55. a) If BvB¡y r¡ltneea Ia telli.nE the t¡uth, then Bluenose
utll be found gullty.

b) Eve¡y ultneae lE not telllng the t¡uth.

c) Bluenoae u,lll not be fqund gul.Ity.

ANSIIJER ¡ Yes? No?
CENFIDENGE¡ Uery confldent? l-loda¡ately confldenü? Not confldent?

38s
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56, a) If BlthED r'rË9B6 Ðr prlEBE are ralsed, there r¡tlL be fnfletlon.

b) There r¡ttrl be Lnflatlon.

c) Either bragea o! pTIcBa BRB ralged.

ANgt¡lER¡ Ves? No?
00NFIDENEE¡ Uery confLdent? Hode¡ately conff.dent? Not csnfident?

57, a) If there ErB Eovernment aubeldlee of agrlculture, then
thsre Bae gove¡nment controls of agrlculture.

b) There a¡e not BevÊrnment aubei.dles qf agrlculture.

c) there are not government controls of agrf.eul,ture.

ANSUER¡ Vee? Ns?
E0NFIDENCE¡ Uery oonfldent? Floderately confldenü? Not confident?

58. a) If Henry graduated from medlcal echoolr then hfa lncome
le very hlgh.

b) Þlenry graduated f¡sm medlcaL schaol.

c) Hle lnsome Is not very hlgh.

ÂNSI¡JËR¡ Yee? No?
0ONFIDENEE¡ Very confldent? lloderately eonftdent? Not sonftdant?

59. a) If the govaDnor favouta publl.c houalngr then he is ln
favour of reetrlctlng the scope of prtvate entarptrf.ee.

b) The govgrntrr fauou¡s publlc houelng¡

c) He 1e ln favour of ¡eatrlctlng the ecope of pelvate
enterprlee.

ANSIdER r Yee? No?
EBNFIDENCEI Uery confldent? Mode¡ately confldent? Not confldent?
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60. a) ff Hrs. ELton le a snob, then Hre. Bates Ia a bore,

b) l¡l¡a. Bates le not a bBDa.

o) Mre. Elton le not a Bnob.

AN$þJER¡ Yes? No?
CENFIDENEE¡ Uery confldent? lloderately confldenü? Not confldent?
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