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if hatis ourmostimportantscience?Somemightsayphysics,
fJ becauseit disclosesthe fundamentalmechanismsof nature.

~ Othersmight saygenetics,becauseit seemson thevergeof
~j yieldingenormouspowerto m~tnipu1atethebiological world.
~ Buta casecanalsobemadefor whatmightbecalled“mind

science”—thescientificstudyof humanbeingsasthinkingandlearning
organisms.

Thelawyer for thedefensewould emphasizethelogic of themat-
ter. Mostfundamentally, we humanbeingsarethinkersandlearners.
Without thinkingandlearning,we would havelittle of whatwe now
possess,including powerfulquestionsthatpromiseto extendour
understandingandcapabilitiesevenfurther.To thedegreethatwe
fathom thenatureofthe mindand how to cultivate it, wehavemas-
teredtheessenceof thehumancondition,Imagineaworld in which
everyschoolchild, everybusinessperson,everypolitician, everypar-
ent,andindeedeveryteacherthoughtmuchbetterand learnedmuch
morethanatpresent!
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Thelawyer for theprosecutionmightacknowledgethe potential,
~utwould certainlyaccentuateacautionaryfact: TheSc;entificstudyof
earningis todaynotasunified orpowerfulasphysicsorgenetics.At
heheartof ascienceof learningmustlie anaccurateconceptionof how
hehumanmind actuallyworks, Unfortunately,contemporarypsychol-
,gy is hometo multiple viewsof themind.Educatorswho aredeter-
ninedto put learningscienceto workfaceasamplerof perspectives,
;ome complementary,somein conflict,andsomebettersuitedto par-
icularagendasthanothers.

Viewsof themind overthepastcenturyfall broadlyinto the
,ehavioristview thatdominatedthefirst halfof thecenturyandthe
:ognitiveviewthathasdominatedmuchofthesecond.Althoughtreat-
zig thehistoryof learningsciencein termsof this shift is tempting,the
tory is muchmorecomplicated.Forexample,contemporarycognitive
;cience,a sprawlingconglomerateof theoriesandstances,is much
~roaderthanbehaviorismwas.And recentdevelopmentsin neurosci-
‘nce arebroadenin’~thefield evenfurther,sheddingnewlight onear-
ler findingsby disclosingaphysiologicalbasisfor thinking and
earning.

Ourfocusin this chapteris only indirectlyon thescientificstudy
)f thinking andlearning.Weareconcernedhereprimarilywith how
,ariousconceptionsofthemind haveinfluencedthepracticeofeduca-
ion,andhow theymayaffectit in thefuture.Webeginwith behavior-
Sm, thenturn to cognitivescience,leadingto majorthemesinfluencing
;choolsin recentdecades:constructivismandhumandevelopment.
.ntelligenceandtheskills of thinking,andbrainresearch,Weconclude
~ydiscussinga few themesmostlikely toaffecteducationin thedcc-
tdestocome.

CENARIO I

13EHAV1OR1SM

)r. BeeHavior, princlp0 ~,, ,,~w~rdsElementarySchool,greetsnine students
vhohavebeensentto her officeto behonoredfor their achievements,

‘Congratulationsto eachof you7 she says warmly. ‘Your teachershavetoldme
hatyouhaveearnedahigh scoreonourlocal test of oneof the states?an-
lards ~f I~srnInnr4~monstratingthatyou arepreparedtotakethestatetest(or

your gradelevel in thespring.Hereis acertificatehonoringYOU for theharc
workyouhavedone.Andasyou know, if you earnacertificatelike this for ~
thestandardsatyour gradelevel, youwill beinvited to apizzapartywewill
holdingtheweekbeforethestateteStS,Sokeep working, andour schoalw~
beproud of yoU’

SCENARIO 2

At nearby Warnum High School,studentslisten to an announcementoverthe
public addresssystemabouta flewpolicy theboardof educationhadadopted
a fewdaysearlier:

“Beginning immediately,studentswith morethanthreeunexcusedabsences
areto besuspendedfromschooluntil theyreturnwith theirparentsfor ameet-
ingwith theassistantprincipal.To bereadmitted,theymustcomposeandsign
an agreementto attendschoolregularlyandproposeaplan for howthey will
avoidunauthorizedabsences:’

As mentionedearlier,the studyofpsychologywasdominatedfor
the first halfof thecenturyby behaviorism,theideathatmental
processesareinvisibleandthereforenot subjectto scientificinvestiga-
tion. Whatcouldbeobservedwasoutwardbehavior,soratherthan
speculatingon internalcauses,scientistsfocusedonhow organisms
respondedto variousstimuli, with ratsandpigeonsasfavoredlabora-
tory animals.Becauselearningwasdefinedaschangedbehavior,
researchon learningwasconcernedwith whatproducedmeasurable
changes.Much of this researchdealtwith theeffectsof positiveand
negativereinforcement_rewardsandpunishments—Onlearning.

Theinfluenceof rewardsandpunishmentscancertainlyexplaina
substantialportion of ouractions,asit doesthoseofotheranimals.For
manycenturies,rulers,employers~andparentsrecognizedand
exploitedthis traitbeforeit becametheobjectof scientificInvestigation.
By studyingthe phenomenonsystematicalIY~behavioristpsychologists
addedto ourunderstandingof humanlearning.

Behavioristsarguethatorganis~nSlearnthroughclassicaland
operantconditioning.Complexbehaviorsarebuilt upthrough“shap-
ing,” startingwith partsof orroughapproximationsof thetarget
behaviorandproviding reinforcementin waysthatgraduallyshapeth~
patternof behaviorin the intendeddirection.Muchlearningin natura
circumstancesoccursbecausetheenvironmentshapesbehaviorin this
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way. Notonly directrewardslike foodbut alsoindirect“tokens” of
rewardshapebehaviorthroughlearnedassociations.Researchhas
yieldeda bodyof findingsaboutwhenreinforcementIsbestadminis-
tered(broadly,immediatelyis best)andwhatkindsof reinforcement
aremosteffective(in thelongrun, positiveis generallybetterthan
negative,whichcancausethelearningorganismto withdrawor
becomeunresponsive).

WhatB. E Skinner(1974)called“behavioralscience”hasbeen
harshlycriticized and iscurrentlydisparagedby mosteducationallead-
ers,buta significantvirtue of behaviorismis its emphasisonhuman
adaptability,Becausebehavioristsbelievethat people’sactionsand
capabilitiesarelargelytheresultof environmentalinfluences,behavior-
ists’ work is a powerfulcounterto thosewho believe,oractas though
theybelieve, thatlearningability is unalterable.Behaviorismis there-
fore a positiveforcefor democraticschooling,whichassumesthat all
studentshavepotential.

Weshouldperhapsclarify that a focuson behavioris notneces-
sarilybehaviorist.Onecananalyzebehavioror setdetailedgoalsfor
desiredbehaviorwithoutbelievingthatthebestor onlyway to attain
them is througha regimenof reinforcement.Likewise,onecanhavea
behavioristviewof learningwithoutlonglists of specifictargetbehav-
iors, Thetwo areallied historically,butarenot thesamething.

Poorpracticesaresometimesmistakenlycriticized asbehaviorist
eventhoughthey havenothingtodo withbehavioristtheory.Givinga
lengthylectureto agroupof bored,uninvolvedstudentsis not good
behavioristpractice.A well-designedbehavioristlessonrequires
thoughtfulattentiontointroductionof tasks,timing andcharacterof
reinforcements,andmanyotherfactors.

Someinnovationsthatattractededucators’attentionat various
timesthroughoutthecenturywereexplicitlyor atleastpartiallybehav-
iorist.In the1930s,evaluatorRalphTyler, who laterbecameaninfluen-
tial curriculumtheorist,urgedteachersparticipatingin the famous
Eight-YearStudy.(Aiken,1943) tospecifyobjectivesfor whattheir stu-

dentsshouldbeabletodo. Aquartercenturylater, schoolsystems
requiredteacherstouse“actionverbs” asthey wrotethousandsof
behavioralobjectives.An influentialthemein elementary,secondary,
andhighereducationhasbeenmasterylearning(Bloom, 1968),which is

atleastpartiallybehavioristin Its emphasison creatingthe conditions
underwhich studentswill learnsuccessfully.

Someteachereducationhasabehavioristflavor.To ensurethat
beginningteacherscoulddemonstratea definedsetof professional
skills, schoolsof educationhavesometimesdevelopedelaboratepro-
gramsof competency-basedteachereducation.Theeffectiveteaching
researchof the1980s(Rosenshine,1986) dealtwith particularteacher
behaviors—suchasproviding systematicfeedbackandcorrec-
tions—foundto beassociatedwith high studenttestscores.

As illustratedby thescenariosatthebeginningof thissection,
somepracticesconsideredfundamentalto learningarepartlybehavior-
ist in their assumptions.Teachersof youngerchildrenusepraiseand
symbolicrewards,suchasstickersandstars,to positivelyreinforce
behaviorstheywantto encourage.Schoolsalsorelyon variouspunish-
mentsto shapestudentconductandmaintainorder.Gradesgivento
assignmentsandoverallcourseworkfunctionaspositiveor negative
reinforcements.Fromabehavioriststandpoint,suchreinforcementsare
mosteffectivewhenstudentsunderstandnotonly that theydid right or
wrongbut alsowhat theydid right orwrong,andwhattheyshoulddo
to improve.Instructionalsettingsoftenfail toprovide this information.

Behaviorismmaybesomewhatunfashionable,butit continuesto
influenceeducationalpractice.Although someapplicationsare
undoubtedlysimplistic,distorted,or evenharmful(Kohn, 1993),educa-
torscannotavoidbehaviorismentirely.Theymustto somedegreeview
behaviorsasindicatorsof students’intentionsandwishes,andthey
will alwaysfind reinforcementanimportanttool for directingattention
andeffort in somedirectionsratherthanothers.Resultsfrom behavior-
ist researchcanguidetheir work.

SCENARIO I

ENTER COGNITIVE SCIENCE

Mr. Explicit is teachinghis middle schoolsciencestudentsabouttorqueand
balances.He showsthemabalancescalewith pegson eachsideanddifferent
numbersof rings on thepegs.

Ratherthansayingjust. “What do you think will happen7”he says,“Three
weightson thethird pegversustwoweightson thefourth peg;whatdo you
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think will happen?”He alsogives eachstudentan externalmemoryaid; a
printeddiagramof the problem.Whenstudentsdevelopahypothesisabouta
possiblerelationshipbetweentheweightsanddistances,heasksthem to
checkthehypothesisusingdatafrom previousproblemsthey havecompiled
on previousdiagrams(Bruer, 1993,p. 48).

SCENARIO 2

Studentsin areadingclasssit in groupsof threeto five. In an activity knownas
“reciprocalteaching”(Palincser,Ransom,& Gerber, 1988),onestudentata
time actsasteacher,As othersin thegroupfollow along, Anita readsalouda
paragraphfrom astory setin a NativeAmericanvillagein 1820. WhensheIin-
ishes reading,shebriefly summarizeswhat theparagraphsaidandasksthe
otherstudentsaquestionaboutit. Satisfiedwith theanswers,shetells one
thing sheisn’t completelyclearaboutandmakesa predictionaboutwhat might
happennext.Thenanotherstudentreedsthenextparagraphanddoesthe
same.

In theyearsfollowing World War II, psychologistsbeganturning
awayfrom behaviorismto embraceabroaderview eventuallycharac-
terizedas“cognitive science,”Behaviorismhadcapturedthefield of
psychologybecauseit replacedunproductiveintrospectionwith quan-
tifiable scientificprocedures.Unfortunately,behavioriststendedto
overstatetheir ability to fully explainall aspectsof humanthoughtaniJ
behavior.Sowhencognitivistsmadereferringtointernalmental
processesacademicallyrespectableagain,mind scientistsregardedthe
renewedinterestasa freshopportun.ity

A developmentoftencitedasparticularlydamagingto behavior-
ism wasChomsky’s(1980)insightthatrule-governedlanguage—chil-
dren’sability to constructlinguisticstructurestheyhadneverheard
before—couldonly beexplainedby the existenceof inherentmental
andneurologicalstructures.Behavioristshadassumedthatlanguage
masterywasentirely theproductof stimulus-responselearningmecha-
n,isms.Plotldn(1998)explainsthatbehaviorismdid notpermit

CausalexplanationsIf they did notlie within thelimits of ordinary
everydayexperience.ScIentIficallythis wasanextraordinarily
bankruptingstance.Cognitivismrescuedpsychologyfrom this
crippling narrowvision.It liberatedpsycholo~istsconceptuallyand
allowede~”calpowersto berelocatedin themind andbrain,only a
very rt of whoseworkingsarevisible(p.33).

Manyeducatorswelcomedtheshift to acognitiveorientation
becauseit meantthatconsiderationof mentalactivity wasnoionger
ruledoutasunscientific.Teachersare,afterall, concernedwith stu-
dents’thinking.Theywantstudentstounderstandandappreciatesand
theeffort to translatetheseaimsinto desiredbehaviorscanbecumber-
someat best.Yet cognitivescienceis still science,soits investigationof
themind goesbeyondnaivetermsandconceptsusedin everydaycon-
versation,like “idea” or “hunch.”

Cognitivesciencehasmanybranchesandvariations,andno sim-
pledescriptionappliesto themall. Obviously,thecentral themeis cog-
nition, theprocessof knowing.Earlyresearchfocusedprimarilyon
informationprocessing~especiallypatternrecognition1memory’and
problemsolving.Themind wasconsidereda rule-governedcomputa-
tionaldevice.A scientist’staskwasto identify thespecificrulesby
whichthe mind manipulatessymbolsto arriveatresults.Overtime,
cognitivescientistsgraduallyexpandedtheirattentionto includea
remarkablearrayof humanactivities: theformationof judgments1deci-

sion making,creativity~critical thinking,andeventheemotions.
For muchof this work, thecomputerandinformationprocessing

remainedcentralmetaphors.Thattheevolutionof cognitivescience
paralleledthedevelopmentof electroniccomputersis nocoincidence,
becausecognitivistsoftenemphasizedsimilaritiesbetweenthetwo.
Concernedwith ~nformation.pr0ce55ingfunctions,leadingcognitive
scientistsdescribedthemselvesas“functionalists.”FrancisCrick, the
Nobelprize-winningscientistwho collaboratedin discoveringthe
molecularstructureof DNA, hasobservedthat

Justas it is notnecessaryto knowabouttheactualwiring of acom-
puterwhenwriting programsfor it, soa functionalistInvestigates
theinformationprocessedby thebrain,andthecomputationalpro-
cessesthebrainperformson this information,withoutconsidering
theneurologicalimplementationof theseprocesses(Crick, 1994,
p. 18).

Crick’s chargethat functionalistshaveignoredthe physiological
basisfor theprocessestheystudiedmaybeunfair,becauseuntil
recentlyscientistshadfew waysto investigatethebraindirectly.As we
showlater, however,neuroscientistslike Crick nowinsist thatmental
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ctivity cannotbefully understoodwithoutreferenceto structureand
peralion of thebrain itself.

Evenso,cognitivescientistshaveprofoundlyinfluencedhow
tformedprofessionalsviewlearning(Bransford,Brown,& Cocking,
199).Theyhaveproducedanextensiveliteratureon cognitionanda
iderangeof potentiallyusefulprogramsandpractices,althoughas
~ppensinalmostall initiativesof educationalchange,mostof these~
forts haveseenonly occasionaluse,generallyin moreprogressive
‘ttings.

We discusscognitivesciencefrom two pointsof view. First,we
tow how thecognitiveorientationhasaffectededucators’understand-
g of the learningprocessandthereforeinfluencedhow teachersteach.
,ienwe considerhownewviewsof learners’capabilitieshavecontrib-
:edto attemptsto improvestudents’intelligenceandthinkingskills.

CONSTRUCT!VISM AND HUMAN DEVELOPMENT

~ENARtO1

r, N. Ductive askshis chemistrystudentsto work in small groupswith a list
95 booktitles, eachwith aclassificationnameandanumber,They areto
rangethebookson aseven-shelfbookcasewith spacefor 32 booksper
telf, accordingto asetof nites.Whenall groupshavefinished,with several
fferentresults,he reintroducesthetaskasametaphorfor theperiodictable
•elements(Brooks& Brooks, 1993,pp. 50—53).

CENARIO 2

~udentsareworking in groupsto preparepresentationsabouttheAmerican
avolution, butwhen askedwhetherhe’sbeginningto shapeaplan for his part.
tremysays,“Not really:’ Mr. Metehashim readapassagealoudandaskshim
hatis most important.Jeremychoosesthewords“ammunition” and “mili-
ry stores”because,he explains, “I like gunsandstuff’

you’re thinking abouthow thetextremindsyou of your own life:’ saysMr.
Iota, “That’s onewayto decidewhat’s important.Let’s breakthis passage
wn a little to makeit easierto decidewhat’s important.Greatreadersare
inking all thetime astheyread,‘What’s mostimportant?’I’m going to read
atsentenceyou)ustpointed to. You listen,andI wantyou to tell mewhat
tu think is mostimportant in thatonesentence,Okay?” (Keene& Zimmer-
ann,1997, pp. 83—86).

TIlE MIND’S RoLE IN CONSTRUC’rlVlsNl

Partandparcelof thecognitiVerevolutionis a themecalledcon-
structiviSm(see,for example,Duffy & Jonassen,1992). Bothaphilo-
sophicalandpsychologicalstance,constructiVlstt~arguesthatthe
humanmind doesnotsimply takein theworldbut makesit up in an
activeway.Thecreativeroleof themind is obviousin contextssuchas
scientificinquiry andartisticendeavor,butconstructivistsbelievethat
theconstructiveprocessalsofiguresprominentlyevenin suchseem-
ingly routinementaloperationsasperceptionandmemory.

Muchevidencedemonstratesthatboth operationsarehighly con-
structive.Whenwe form a perceptionof the roomaroundus,a new
acquaintance’spersonality~oraneventwe havewitnessed,we donot
simply registerit like acamera.We engagein a complexactof informa-
tion processing,combiningtheinformationoursensesgive uswith a
hostof expectationsto fill in thegaps,devisingsomethingmuchmore
like aninterpretationthanasnapshot.Likewise,remembering,farfrom
replayingsomementaltaperecorder,worksmorelike problemsolving.
It involvesreconstructingaversionof whathappenedfrom memory
tracesandarangeof expectations.

Themind’s pervasivelyconstructivecharacteris both badnews
andgoodnewsfor theeffectivenessof cognition.Onthedownside,
perceptionandmemory,aswell asmoreobviouslyinterpretiveactivi-
ties,suchaswriting fiction, turnout to behighly susceptibleto arange
of mistakenpresumptionsandbiases.On theup side,themind’scon-
structivecharactermeansthatwe canmakesenseof thingswith much
less informationthanif we hadto drawconclusionsmostly from the
dataat hand.

Philips (1995)distinguishesthreestrandsin constructiViSm the
activeroleof thethinkerandlearner,the creativeroleof thethinkerand
learnerin makingup knowledge,andthesocialconstructionof knowl-
edge.Different theoristsforegroundvariouscombinationsandofferdif-
ferentpedagogicalprescriptions.In thesamespirit,Perkins(1992b)
distinguishesbetween~ (WIG) constrUc-
tivismandbeyond~the~infOrmatioh1gv~~en(BIG) constructivism.Ardent
WIG constructivistSarguethat for reallearning,studentsmustvirtually
reconstructknowledgefor themselves,with appropriatesupport.BIG
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:onstructivistsbelievethatgiving learnersinformationdirectly is fine
tndoftenpreferable;but to learnit, they mustthenapply it actively
nd creatively.Infightingamongmoderateand extremeschoolsof
houghtaboutwhat leachingin a constructivistwaymeansinevitably
veakensthemomentum.

lowCult,DREN’s TwN~tNGDEVELOPS

Anotherthemecloselyallied with constructivismis thatofhuman
levelopment.Thepromisefor a developmentalview of mentalmatura-
ion camefrom observationsthatyoungstersoftenhaddifficulties in
hinkingandunderstandingthat wentbeyondsimplelack ofknowI-
dge.Certainkindsof reasoning,waysof usingnumbers,ormanners
,f appreciatinganotherperson’sperspectiveseemedbeyondyoung-
tarsof certainages,no matterhow muchexplanationor practicethey
eceived.Perhapssuchthingsdependedonbroadwavesof develop-
t~ent,whichbroughtinto placenecessarycognitiveequipment.

Themostrenownedadvocateof this viewwasundoubtedlythe
wisspsychologistJeanPiaget(Irthelder& Piaget,1958; Piaget,1954,1.

/‘/ith his colleagueirthelder,Piagetproposedthatdevelopmentpro-
:eededthroughseveralstagesof cognitivecapability,culminatingin
whathe termed“formal operations.”Beforechildrenattainedthe
~dghlygeneralcognitiveschemataunderlyingformaloperations,they
could notbeexpectedtohandledeductivereasoningor, amongother
things,managescientific inquirywell. Early applicationsof Piaget’s
modelledto curriculumsthat did notevenattemptto engageyoung
childrenIn scientificreasoning,on thegroundsthatthey werenot
up to it.

A numberof studiesconductedsincePiaget’sresearchprogram
arguethatPiaget’sproposedstagesarc~oobroad.Developmentpro-
ceedsin amoremodularwaywithin differentdomainsorkindsof
thinking. Neo-Piagetiansadoptingthis viewhaveoutlinedmore
focuseddevelopmentaltracks.Porinstance,Case(1992)arguesthat
developmenttravelsalongthetracksof severalcentralconceptual
structures,includingunderstandingof quantityandof socialmatters
suchasintentionality.

Both themoremodularview of developmentandanumberof
~eachingexr’~r~ ts haveshownthatyoungsterscanmanagevarious

kindsof reasoningconsiderablyearlierthanhadbeenthought.An
earlychampionof this sortofflexibility wastheseminalcognitiveand
developmentalpsychologistJoromel3runer,who wrotein 1960 the
well-knownstatement,“We beginwith thehypothesisthatanysubject
canbetaughteffectively in someintellectuallyhonestform to anychild
atanystateof development”(Bruner, 1973,p.413).

At themostgenerallevel,constructivismanddevelopmentalsci-
enceoffer two guidelinesfor education:Castthelearnerin anactive,
creativerole ratherthanthatof a passivereceptacle;andtakeinto
accountwhatthe learneris readyfor developmentally.Thus,in the
openingscenarios,Mr. NI. DuctiveandMr. Metaboth insist thattheir
studentsthinkthingsout ratherthanjustgive themthe answersor
evenroutineprocedureswith whichto find theanswers.Fromadevel-
opmentalstandpoint,activities likc Mr. N. Ductive’srule-following
classificationtaskshouldwork well for high schoolstudentsbut would
needdramaticsimplification for 3rdgraders.Mr. Meta’srathergeneral-
ized“think aboutwhat’simportant”focus,however,wouldwork more
or less asis acrossawide rangeof gradesanddevelopmentallevels,
with Mr. Metamakingon-the-flyadjustmentsin thesophisticationof
the discourse.

Although bothconstructivismandadevelopmentalperspective
havegeneratedbold callsfor pedagogicalreform,thecallshavegener-
ally beenlouderthantheresponse.A gooddealhashappenedto revise
teachingpracticesanddevelopmentallyappropriatecurriculums(see,
for example,Bruer, 1993;Perkins,1992a),but notnearlyasmuchas
championswould like to see.Onthepracticalside,theseagendasgen-
eratea varietyof problemswith classroommanagement,materialssup-
port, time requiredfor coveringthecurriculum,teachers’stockof
developmentalknowledge,andthelike. Moreover,differentstanceson
bothconstructivisrflandhumandevelopmenthaveoftenconfused
teachers.

INTELLIGENCE AND THE SKILLS OF THINKING

ScENARto 1

Ms lma Thinkerhasaskedherelementaryschoolstudentsto meetin groups
of threeor four, Shegiveseachgroupacollectionof small toolsoften
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kitchens,such ascanopeners,vegetablepeelers,andpotatomashersShe
asksthem to grouptheitemsin away that makessenseto them andthink of
an appropriatenamefor eachgroup.Then, afterreturningeverythingto a com-
mon pile, theyareto sort theitemsagainin adifferentway, andagainname
thegroups,Later Ms.Thinker explainsthat this is an exercisein classifying,and
that nexttheywill beclassifyingwordsratherthanthings.Shegiveseach
groupa list of wordsandasksthem to write thewordson slipsof paperand
sort them.Whenthestudentsreportout variouswaysof classifyingthewords,
sheintroducestheideaof “partsof speech:’

SCENARIO 2

At SocratesElementarySchool,studentsareinvolved in ananimateddiscus.
sion.After theclasshasreadastory abouttwoyoungfriendswho getangry
with oneanother,Ms. Logicasksquestionsaboutfriendship. “If a friend does
somethingyoudon’t like, is shestill a friend?” Studentsexpresstheir ideas,
with theteacherleadingbut not dominatingthediscussion.Herpurposeis to
encouragestudentsto definetermspreciselyandto supporttheir positions
logically, but not to getthemto arriveatanyparticularconclusion,

Theprospectsof improvinghumanthinkingandlearninghave
long beenrecognized.Thedisciplinedinquiriesof SocratesandPlato,
built on thediscoveriesof Greekrhetoric,pointedtowardusingthe
mind morerigorously.Aristotle extendedtheavailabletoolswith the
logicalformsof thesyllogism.ChurchscholarssuchasSaintAugustine
pickedup on thepowerof systematicreasoning,andFrancisBaconin
theearly1600sarticulatedbasicprinciplesof thescientificmethod.

Thelasthalf centuryhasseenagroundswellof attentionon
directlycultivating thinkingandlearning.Cognitivesciencewaspartly
responsible.Early studiesof problemsolvingandmemorydisclosed
thateffectivenesswaspartlya matterof strategy.Somepeopleman-
agedtheirmindsbetterthanothers.Why not,then,teachpeoplegood
practicesof problemsolving,memorizing,andothersortsof thinking?
Theotherwellspringwasphilosophy,adist~iplinethathadlong stood
backto examinetheprocessof thinking itself, Somephilosopherscon-
centratedon pre-universityeducation,exploringwhatcouldbedoneto
bringinto theclassroomsomeof theconceptsandpracticesthathad
invigoratedphilosophicalinquiry sincetheGreeks.

Themostvisible resultof all theseefforts is avarietyof curricu-
,__ ———..~.—‘— ,,l, ,i,.,i~-’

cognitiveabilities.Suchmaterialshavestrikingly diverseapproaches.
Somefocusonbasicoperationsof classificationanddiscrimination,
emphasizingtaskslike thosethatappearon IQ tests.Thefirst scenario
in this sectionandthe first partof theOdysseyprogram(Adams,1986;
Herrnstein,Nickerson,Sanchez,& Swets,1986)areexamplesof this
focus.Otherprograms~suchasInstrumentalEnrichment,encourage
studentsto developmoreprecise,systematic~andattentiveprocessesof
informationintake,manipulationsandoutput(Feuersteifl,1980).Still
othersfocuson familiar kindsof thinking,suchasproblemsolving,
decisionmaking,andcreativity,asin otherpartsof OdysseyorEdward
deBono’s (1973—1975)CoRT program.Somearebasedon developmen-
tal psychology,for instance,thework of Piaget(Adey & Shayer,1994).
A few, notablyPhilosophyfor Children,dealwith classicalmatters,
suchasusingsyllogismsandclarifyingthemeaningof words,asin
Scenario2 (Lipman,Sharp,& Oscanyart,1980).Recommendedteaching
methodsrangefromassigningproblemsetsof open-endedthinking
activitiesto leadingSocraticconversations.

Although manyeducatorsareintriguedby thepossibilityof aug-
mentingstudents’mentalabilities, relativelyfew elementaryandsecon-
daryschoolshavetakenstepsto incorporatepublishedthinkingskills
programsinto theirofficial coursesof study.Schoolsoftenfind that
makingtime for asubstantialadditionto alreadypackedschedulesis
difficult. Recentyearshaveprobablyseenevenfewerapplicationsthan
in themid-19805,in partbecausetheadoptionof statecontentstan-
dardshasnarrowedthescopeof curriculums.

Anotherfactor impedingadvancementof the thinking skills
movementhasbeentheexistenceof theoreticalcontroversies,suchas
disputesoverthe natureof humanintelligence.A viewcommonsince
theturn of thecenturyis thatintelligenceis largelydeterminedby
geneticfactorsandnot subjectto mucheducationalinfluence.As
recentlyas1994,HerrnsteinandMurrayadvocatedthis positionin the
well-knownbook TheBell Curve.Thisdiscouragingstancecertainlyhas
notwon theday. A numberof seriouschallengeshavebeenposedfrom
theperspectivesof multiple intelligences(e.g.,Gardner,1983;Stem-
berg,1985)andvariouswaysof cultivatingintelligence(e.g.,Baron,
1988;Perkins,1995).Indeed,considerableevidenceexiststhat intelli-
gencecanbeenhancedto auseful,albeitlimited, extent(Perkins,1995;
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Perkins& Grotzer,1997).Theveryexistenceof thecontroversy,how-
ever,hasmademanyeducatorswaryof investingin efforts to enhance
learners’thinkingandlearning.

Anothersuchcontroversyarosefromadifferentquarter.Some
theoristschallengedthe ideathatgeneralcross-domainstrategiesof
thinking andlearninghadmuchleverage.Instead,theybelievedthat
knowledgeandunderstandingwereprofoundly“situated”—specificto
variousdisciplinesand areasof practice.Thinkingcouldbetaught,
they contended,butit shouldbetaughtthroughthevariousdisciplines
in waysfine-tunedto theirparticularstylesof problemsolvingand
inquiry (Brown,Collins,& Duguid,1989;Lave& Wenger,1991).
Undoubtedly,thisviewhasa measureof truth, butstrongcounterarg-u--
rnentshavebeenofferedagainstextremesituatedstances(e.g., Ander-
son,Reder,& Simon,1996).Thetruthlikely liessomewherein between,
with roomfor somestrategiesof thinkingandlearning,butsuitably
adaptedto particularcontexts(compareto Perkins& Salomon,1989).
Again, controversyhasdiscouragedsomeeducators.

Partlyasaconsequenceof thesituatedviewandpartly to dodge
schedulingissues,perhapsthemostcommonapproachtothe teaching
of thinkingandlearningIs “infusion,” asit is sometimescalled.Infu-
sion meanssystematicallyincorporatingthinkingandinstructioninto
subjectmatterclasses.Besidesstand-alonecourses,somesystematic
approachesto infusionexist (e.g.,Swartz& Parks,1994;‘flshman,
Perkins,& Jay,1995;Marzano,Pickering,etal., 1997).Teachers’efforts
aresometimesmadeeasierby subjectmattertextbooksthatcall for stu
dentstoclassifyinformation,compareconcepts,oruseothersuch
skills, a practicethat hasbecomemorecommonasthe importanceof
thinking skills hasbecomemorewidelyaccepted.

Integratingcontentandthinking is certainlydesirable,butthis
approachbringsproblemsof its own.Underpressureto covercontent,

teachersmayfind the thinkingsideof acurriculumgivingway to the
contentside.Moreover,individualstudenteffortsaredifficult to moni-
toror coordinate.Somepublishedintensiveprogramsshowconsider-
ableevidenceof effectiveness,butwe simplydon’t knowtheextent to
whichteachersof regularclassesprovideexplicit teachingof thinking
or, if provided,whatsuchintegratedinstructionaccomplishes.

Asunderstandingof thehumanmindcOntinuesto grow,andas
knowlr ‘ ‘ tt reliablemeansof developingstudents’cognitive

capabilitiescontinuesto expandseducatorswill needto resolvethe
responsibilityissue.Schoolsmustdeterminehowthey proposeto use
this knowledgesystematicallyto helpall studentssharpentheir think-
ing andlearningabilities.

SCENARtO 1

BRAIN RESEARCH

Studentsin MetroMiddle Schoolarepracticingself-controlin theirsocialand
emotionallearningclass.Two volunteersagreeto role’play a typical situation.
Pretendingto bewalking in theschoolhallway, onebumpsagainsttheother.
Thebumpedstudent,who wouldordinarily feelhe mustdefendhis honorby
hitting back,usesthe “red light, yellow light, greenlight” strategy(Eliasetal.
t997, p. 291.

Speakingaloudin this case,he says,“Red light: Don’t doanythingyet.Yellow
light: Think of things you might doandwhat might happenif youdid them.
Greenlight: Decidewhat is bestanddo it~’He decidesthebump probably
wasn’tintentional,or maybeit wasjust in fun, so he will ignoreIt for now.

SCENARIo 2

A high schoolbiology classhasbeguntO studyDNA. At thebeginningof class,
Ms. RheaMemberasksstudentsto jot downnotesaboutwhathappenedyes-
terdayand thenmeetwith apartnerto discusswhatthey remembered.As she
providesmoreinformationaboutDNA. shepausesoccasionallyto havepart-
nersexplain to oneanotherwhat they’ve justheard.A few minutesbeforethe
classis to end,sheasksstudentsto representsomeaspectof what they’ve
learnedby makingadiagramor sketchin theirnotebooks.Shetells them that
tomorrowshewill give them sometime to meetin learningteamsto begin
planningfor apresentationtheyareto givenext week.completewith visual
aids.They areto portrayknowledgeof DNA in relationto a televisionprogram.
well-knownbook, or song.

In thelastdecade,educatorshavebegunto tapa comparatively
newsourceof knowledgeaboutthemind: neuroscience.Curiousinves-
tigatorshavestudiedthephysicalbrainfor manyyears~of course,but
only in thelast few yearshavenewnoninvasiVetechnologies,suchas
functionalmagneticresonanceimaging(fMRI), revealedexcitingnew
informationaboutworkingsof anormal,undamagedbrain.Opinions
abouttheimmediateusefulnessof thesenewfindingsvarygreatly.
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Someinterpretersbelievebrainresearchprovidessupportfor particular
approaches,suchasrealversussymbolic input(Hart,1998),active
processingof experience(Caine& Caine,1997),enrichmentinearly
childhood(Diamond& Hopson,1998),anduseof colorand movement
(Jensen,1998).

Scientiststhemselvesaregenerallymorecautious.Forexample,at
aninvitationalmeetingofeducatorsandbrainresearchersheldunder
the auspicesof theEducationCommissionof theStates(1996),“the sci-
entistsurgedtheeducatorsnot to attemptto applynewresearchfind-
ings” (p. vi). JohnBruer,acognitivepsychologistandpresidentof the
McDonnellFoundation,statesflatly that“right now,brainsciencehas
little tooffereducationalpracticeorpolicy” (p. 14). StephenPinker
(1997),directorof theCenterfor CognitiveNeuroscienceat theMassa-
chusettsInstituteof Technology,apparentlyagrees.In How theMind
Works,hewrites,

Thisbook is aboutthebrain,butI will not saymuchaboutneurons,
hormones,andneurotransmitters.Thatis becausethe mind is not
thebrainbutwhat thebraindoes....Mypoint is notthat prodding
brain tissueis irrelevantto understandingthemind,only that it is
not enough.Psychology,theanalysisof mentalsoftware,wilt have
toburrowaconsiderablewayinto themountainbeforemeetingthe
neurobiologiststurtnelingthroughfrom theotherside(pp.24—26).

Tomakesenseof thedifferingstances,educatorsperhapsneedto
understandtheprofessionalorientationsof theseauthors.As explained
earlier,cognitivesciencewasborna quartercenturybeforethe recent
proliferationof brainresearch.Justasbehaviorismmadeheadwayby
ignoringvagueandunmeasurableconceptsabout the mind, cognitive
scienceprogressedby excludingsomeaspectsofmentalitythat brain
researchersarenow abletostudy.At least,that’s how it seemsto neuro-
scientists.FrancisCrick,quotedearlierassayingcognitivistswere inter-
estedonlyin thesoftwareandnot thehardwareof thebrain,
commented,

Thisattitudedoesnot helpwhenonewantsto discoverthework-
ingsof animmenselycomplicatedapparatuslike thebrain.Why
not lookinsidetheblackboxandobservehow its componentsbe-
have?It is notsensibleto tackleavery difficult problemwith one
~ ~ ~ ~ m,

4
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Educators’purposesaredifferent,of course,Theirintent is notto
discovertheworkingsof thebrain;they just wantto helpstudentslearn
by makinguseof whathasbeendiscovered.They mustbecautious,
becausemuchaboutthebrain remainsunknown,andmuchcurrent
knowledgeis highly tentative.Nevertheless,Crick is right aboutthe
folly of trying to understandthemind “with onehandtied behind
one’sback.” If no otherknowledgeexistedaboutteachingandlearning,
we couldnot derivepedagogyfrom brainresearch.But we do have
insights fromseveral5ources_includingcognitivescience,educational
research,andthoughtfulprofessionalexperience.Combinedwith this
existing knowledge,brainresearchhasthepotential to enricheduca-
tional practice.

A goodexampleof how neurosciencecanhelpsolve learning
problemsis Fast ForWord,createdby researchersPaulaTallal and
MichaelMerzenich(1997).Theydevelopedtheprogramin responseto
Tallal’s findingsthatsomechildrenhavetrouble learningto read
becausetheydo not processspeechsoundsfastenoughto hearphone-
micdifferences.Basedon Merzenich’sresearchexploringthebrain’s
plasticity, the programusescomputergamesincorporatingartificially
extendedspeech.Playingthegames,childrenfirst learnto recognize
soundsandthengraduallyincreasetheir processingspeeduntil they
canhearthesoundsin normalspeech.

Knowledgeaboutthehumanbrain’sfunctioningis far too exten-
sive to besummarizedin aparagraphor two. But hereareafew gener-
alizationsthat, in combinationwith otherknowledge,suggest
numerousimplicationsaboutteachingandlearning:

Theproductof hundredsof millions of yearsof evolution,the
brainis nota general-purpoSesproblem_solvingdevicebutrathera col-
lectionof systems(e.g.,theability to sing andtheability tocount),each
designedto servea specificpurpose(Restak,1994). All humanbrains
arealikein someways,but eachis alsodifferent.Thegeneralcapabili-
tiesthatmakeushuman,suchaslanguage,havea neuronalsubstrate,
so theyarenotdevelopedsolelythroughexperience(l’lotkin, 1998).
Theorganizationof eachindividual brain,however,changesin direct
responsetoexperience(Diamond& Hopson,1998).

• Thebrain is incrediblycomplex,processingmanyinputssimul-
f,n,’u,,clvandin multipleways(lldelman,1992). ErnotiOfls—~—Whicl1are
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probablyrelatedto chemicalneurotransmittersfound throughoutthe
body aswell asIn thebrain(Pert,1997)—playan importantrole in
determiningwhatwe payattentionto, how wemakepersonaldeci-
sions,andwhatweremember(Damasio,1994).Memoriesthat are
recalledfrom time to timeareretainedbecausetheconnectionsamong
neuronsarerepeatedlystrengthened.Forthesamereason,tasksdone
frequently(like drivingacaror tying shoestrings)requirelesscon-
sciousattentionandlessbrainenergy(Calvin,1996).Memoriesarenot
storedwholebutarereconstructedby recombiningaspectsof an origi-
nal experience,soexperiencesmostlikely toberememberedare those
“that aretargetsof elaborativeencodingprocesses”(Schacter,1996,
p.56).

‘ Eachbrainattemptsto makesenseof theinput it constantly
receivesby matchingincomingsensationswith relatedinformation
storedfrom previousexperiences.Thisprocessgiveseachindividual
theillusion of coherenceandconsistency,eventhoughmemoriesare
highly unreliable,andindividuals’ interpretationsof reality oftendiffer
dramatically(Gazzaniga,1998).

Manyeducatorswill find in thesestatementsconfirmationof, and
possiblynewinsightsinto, whatthey alreadyknow abouthuman
learning.In general,the findingshelpexplainwhystudentslearnbest
from purposeful,meaningfulexperiencesthatengagetheir imagina-
tionsand arousetheiremotions.In ScenarioI atthebeginningof this
section,Ms. RheaMemberusesnumeroustechniquesto encouragestu-
dentstoprocessinformationaboutDNA in thebelief thatthe more
extensivelytheinformationis encoded,theeasierit will be to retrieve.

Teachershavealsofoundthatexerciseslike “red light, green
light” describedin thesecondscenariocanhelpstudentslearnto
restrainemotionalimpulsesthatmight otherwise“hijack” theirbrains,
Researchersthink thereasonemotionshavesuchpoweris that they
wereneededto survivein thepast,asto a lesserdegreetheystill are.

THE FUTUREOF A SCIENCE OF LEARNING

Full recognitionof emotions—theirrole and relationshipto other
mentalfunctions—is,in fact,oneaspectof the moreinclusivescienceof
themin’~tF -Ivocatesnowbelieveis evolving(LeDoux,1996).This

new,all~encompassingdiscipline,while drawingon knowledgefrom
manysources,will befirmly anchoredin thestudyof thephysicalbrain
andrelatedneuralsystems.Although thatfocusmayseemobviousto
some,it is notyetobviousto manyof today’sacademicsand wascer-
tainly notassumedby scholarsin thepast.Most systematicinvestiga-
tionof themind wasandstill is conductedwithout referenceto the
brain(andtherestof thebody)for goodreason:Advancedtools for
studyingthe normal,living brainhaveonlyrecentlybeeninvented.

But keepingthe mindand brainapartis nolongernecessary.
Darnasio(1994)refersto this mistakendualismas“Descartes’Error,”
complainingthat“theCartesianideaof adisembodiedmind” neverthe-
lessremainsinfluential(p.250).By contrast,neurosciefltlststakea posi-
tion morelike thatof Crick (1994),who declaresinTheAstonishing
Hypothesisthateachof us is “in factno morethanthebehaviorof avast
assemblyof nervecellsandtheir associatedmolecules”(p. 3). Although
Crick caststhis propositionasahypothesisto betestedratherthanan
establishedfact, heplainly believesit himself.And though,asCrick
acknowledges,his doctrineis “aliento theideasof mostpeoplealive
today” (p. 3), someversionof it will undoubtedlybemore widely
acceptedeventually.

Giventhe directionsthat thestudyof the mind andbrainis
headed,we areprobablysafein making this prediction:Thefield of
studynow knoWn ascognitivesciencewill becomeevenmorediverse,
payingmoreattentionto thestudyof topicssuchasemotionsandcon-
sciousnessthat previouslyhavebeenlesscentral,and assimilating
insightsfrombehaviorism.Thisexpandedfield, whichmaybeknown
asmindscience,and whichwearecalling the scienceof learning,w
specificallyincludeall aspectsof neuroscience,meaninginvestigatic
of thephysicalbrainandrelatedbiology.Thecurrentcompetition
betweensomecognitivepsychologistsandsomeproponentsof brain
researchwill graduallychangetooneof collaboration.Behaviorism,
now inpartialeclipseamongeducationaltheorists,will bereexamined
for a rangeof insightsaboutlearning.

Whatelsemightwe expectfor education’sfuture?As other
authorsin this yearbookhavenoted,predictingfuturedevelopmentsis
ahighly unreliableundertaking.Nevertheless,by projectingfromcur-
renttrends,we canproposeseveralgeneralizationsthatseemlikely to
becomereality:
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Theqsianlily and qualityofbrain research,which hasmultipliedet’or-
menslyin thepast decade,will continuetoincrease.With thesteady
improvementin technologicalmeansof conductingbrainresearch,the
numberof neuroscientistsand the topicsthey investigateis crowing
largeryearby year.Eventually(perhaps25 to50years),we will havea
muchmorecompleteunderstandingof brainfunctioning.This informa-
tion, alongwithknowledgefrom otherbranchesof mindscience,will
havesubstantialimplicationsfor education,Specifically,researchwill
reveal the originsof,anddevelopnewresponsesto,variationsin men-
tal functioning, includingsomethatarenow considereddisabilities.
Researchwill addtoour understandingof the abilitieswecall intelli-
gences,includingwayseducationcanenhancethem.It will alsopro-
ducemoredetailedinformationabouttheworkingsof
neurotransmiltersandothercommunicationmechanismsin the brain
andbody, therebysheddinglight on suchphenomenaasemotions,
memory,andimagination.Informationof thisSortquite likely will lead
toexpandeduseof drugscapableof modifyingnaturalprocesses,such
asheighteningmemory.

• Overtime,researchand evolvingpracticewill untanglecontroversies
that haveblockedsystematicapplicationoflearningscienceto cdncn)hw,An
exampleof this processis thecontroversyconcerningphonicsversus
wholelanguage,which hastroubledtheteachingof readingfordec-
ades.At thispoint, thedebateappearslargelyresolvedin a kind of syn-
thesisthatrecognizestheImportantplaceof phonicsbut incorporates
manywholelanguagepractices.Similarly,controversiessuchas
whetherintelligencecanbeenhancedorwhetherunderstandingis
almostentirelydiscipline-specificaregraduallyworkingtheir way
towardresolutionsthatseemlikely to havethe characterof syntheses
ratherthanstarkvictories.

• Knowledgeaboutlearningwill bea fundamentalpart ofeveryeduca-
tor’s professionalpreparation,aswell asevenjstudent’seducation.As knowl-
edgeaboutthemind continuesto grow,applicationsof this knowledge
to educationwill becomeevermoreapparent.Educatorswill be
expectedtobe informedabout,andtouse,practicesinaccordwith
thesefindings.

Muchof what is knownaboutlearningwill alsobe taughtdirectly
to studentsin elementaryandsecondaryschools,Pewsubjectscould

possiblybemore importantthan~derstaflding oneselfandothersand
improvingtheability to manageone’sownthinking andlearning.

• Applicationsofinformation iechnOlOZ1Jwill continuetoevolve,with
digital devicesproUfrrali7lg~manyofthemsmalt,spccia!ized~and inexpefl
sive_designe~fto extendhuman capabilitieSor compensatefor limits ofthe
natural mind. With extensive~~~orking of suchdevices,it will become
moredifficult to differentiatebetweenmentalabilitiesof art unaided
~dividual andcapabilitiesof peoplelinked to otherhumansandto
machines.in recentyears~parentsandeducatorshaveoftendisputed
whetherchildrenshouldusecalculatorsbeforetheyhavelearnedcom-
putation“by hand”orwhethertheyshouldbeableto writeconwosi
tionS onwordprocessingprogramsequippedwith spellcheckers’
Futureeducatorswill wrestlewith similar questionsjnvolVing newly
createdelectronicaids,includingspeechrecognitionwordprocessors.

Tueneedlerinstructionin thinkingskIlls will continueto grow to
helppublic schoolstudentsfromfamthtswith limited meansperformwell in
school.Forcomplexeconomic,social,andpolitical reasons,the propor-
tion of childrenliving in undesirableconditionshasbeenincreasingin
developedcountries,especiallytheUnitedStates.Someof thesechil-
drenarefrtu~iindigenousfamilieswith ahistory of neglectandimpGv
erishment;othersarepartof thesteadyflow of immigrantsout of
urtderdeVel0P~countries.WIth economicartdpolitical unrestthrough-
out theworld, andtheavailabili~of moderntranSpottati0n~U~strend
will undoubtedlYcontinue,bringingevenmorechildrenwithdifferent
languagesandtraditionsto publicschools.Manyof thesechildrenwill
befromfamilieswith ruralbackgroundsthatarenotequippedtopro-
vicle themiddle.class5~r~oundingsthat contributeto schoolsucce55~
Becausethescarethechildrenmostableto profit from programsspe-
cifically designedto developintellectualskills, the0cedfor suchpro-
gramswill continueto grow.

Somedevelopmentswe foreseeareoutsideeducators’scopeof
influence.Mind science,~cludingstudyof thebrain,will surelypro-
ceedin the 21stcenturyregardlessof whathappensinschools.~ut
someof the thingswe foreseewill nothappensatleastn~tasreadily.
withOUt initiative andsupportfrom educatorsthemselves.

In today’spoliticalclimate,educatorsareundergreatpressureto
somehowbringall chiIdrOfl tohigherstandardsof performance.In the
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yearsahead,thepressureis sureto grow evenmoreintense.We can
succeedin meetingthischallengeonly with improvedunderstanding
of the thinkingandlearningprocessitself.Accurateknowledgeabout
thehumanmind is essentialto anenlightenededucationprofession.
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