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Abstract

We describea newway of classifyingusesof educationatechnologiesbasedon afour-part
division suggestegearsago by JohnDewey:inquiry, communicationconstructionand
expressionThis taxonomy iscomparedo previoustaxonomieof educationatechnologies,
andis foundto covera wider rangeof uses,ncluding manyof the cutting-edgeusesof
educationatechnologiesWe havetestedthe utility of this taxonomy by using to classifya set
of "advancedpplications'of educationatechnologiesupportedby theNational Science

Foundationandwe usethe taxonomy topointto new potentialusesof technologiego support
learning.

Introduction

Discussionsn thefield of educationatechnologyconcerna hostof issuesjncluding
pedagogicatheory,choiceof hardwareor software,methodsof use,and evaluationof
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effectivenessBut in manycasedhesedebatedeaveunexaminedgsomefundamental
assumptiongboutwhat countsaseducationatechnology,or how we might think about
innovativeapplications Expertsoften disagreeaboutwhat constituteghe objectsof their study
but avoid addressingheir disagreementdirectly. It is no surprisehat discoursén thefield
appearslisjointedandinconclusive.

Becomingmoreexplicit aboutfundamentahssumptionsvill not ensurethat thediscourse
achievesa higherplane,muchless that anewconsensuwiill emergelt couldevendo the
opposite But we believethat laying outheseassumptiongould clarify whatthe debatesre
aboutandis conduciveto progressn thefield. To illustratehow differentassumptiongeadto
fundamentallydifferent conception®f educationatechnologyand consequentlyf researchn
the areathis paperproposes newtaxonomy ofeducationatechnologyapplications.

Thetaxonomy isorganizedn termsof the waysapplicationssupport integratednquiry-based
learning. Thetaxonomy isfar from a finishedconceptiorand shouldbe readmoreasa work-
in-progresdl] Whatwe havetried to do isto lay out a frameworkfor thinking aboutthe broad
arrayof applicationsof educationatechnology.Theframeworksuggestsvaysthat computers
and othernewinformationtechnologiesanbe usedto support thdull rangeof learning.Like
all suchtaxonomiesthe boundariedetweerthe categoriearefuzzy andsomeapplicationdit
in morethanonesilot.

Thereareothervalid frameworksone might adopt.Somechooseto emphasizénardware
differences;otherssoftware.Somemight focuson thecontentor gradelevel of application.
Many chooseto focuson function.Our pointis not to preemptall otherviews, but ratherto
suggest that ther@emanylegitimatewaysto conceiveof educationatechnology.This
observationywhich somemight sayis obvious,oftengoesunrecognizedAs a result,many
authorsarguepointsthat presupposene perspectivewithout an apparentealizationof how
muchtheir casereliesupon that presuppostion.

Taxonomies of Educational Technology

When CarolusLinnaeu$2] publishedhis Systema naturae in 1735, heestablishedhe modern
scientific classificationsystemfor plantsandanimals.Althoughthe specificsof his
classificationshavebeenrevisedmanytimes,theideaof an orderly, internationainaming
systemwasa key ingredientin the birth of modernbiology. A taxonomy couldyuidebiologists
in making comparison$poking for new creaturesandaskingaboutthe originsand
transformation®f life.

A taxonomy carbe a productivestepin the procesof understandingndexplainingwhat we
seeby organizingperceptionsnto categoriesf we areableto seethe familiar in newwaysor if
we areableto copewith a confusingarrayof phenomenaOf course a taxonomy always
reduceghe complexityandrichnessof whateveris beingcategorizedlts usefulnesseedso be
judgedin relationto somepurpose.

Schiebinger(1996)showshow Linnaeus'classifiedplantsaccordingto their reporoductive

parts,endowingthem aswell with sexlives reflecting18th-centuryvaluesandcontroversies."”
She arguethat whenLinnaeuswrote therewasa shift underwayfrom arrangednarriagego
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marriagesbasedon loveandaffection.This wasreflectedin his classificationschemevhenhe
distinguishedbetweernpublic andclandestinenarriagesof plants.Thus, hiscategorizatiorof
plantsgrewout of a particularview of the world.

Many articleson theapplicationof educationatechnologylikewise lay out a systemof types.
An obviousreasorfor this is that thereareso manydifferent kinds of softwareandhardware,
and so manydifferentusesto which thesehavebeenapplied,that itis simply overwhelming
without someway of talking aboutkinds or groups.But the systempresenteds oftentreatedas
universallyvalid, ratherthanasa statementbouta particularsetof valuesandbeliefsabout
technology teaching,andlearning.But any categorizatiorof forms of technologyexpresses
view of theworld that hassignificantontological,epistemologicaland pedagogical
implications.

From World Models to Taxonomies

Therelationshipbetweena view of theworld (or model)anda taxonomy carbe seenin a book
by Alessi & Trollip (1991),authorswho view the educationaliseof computersasa setof
instructionalmethodologies:

Accordingto the model wehavejust describedthe processf instructionincludesthe
instructorpresentinghe informationto studentsguidingthe studentsfirst interaction
with the material,the studentpracticingthe materialto enhancdluencyandretention,
andfinally, assessmerdf studentgo determinegf theyhavelearnedthe materialand
what they shoulddo next.(Alessi& Trollip, 1991, p. 9)

Building upon thismodel, Alessi androllip organizevariousforms of "computerbased
instruction"into five categoriestutorials,drills, simulations gamesandtests.Theyplace
tutorialsfirst in their taxonomy, andhaveno explicitplacefor generalsoftwaretools, suchas
spreadsheetsail readerspr drawingprogramsThus theircategoriesorrespondo their
generalinstructionalmodel andcanbe usedasa lenswith which to seehow various
applicationssupport instructors carryingout aspectof the model.

A striking alternativeto this approachs that of Olds, SchwartzandWillie (1974).Theyreport
a studyof teachersvho examineda wide rangeof educationakoftware,includingdrill-and
practicesoftwarefocusedon specificskills and softwaredesignedo encouragend support
studentan askingtheir own questionsTheteachergoundthat differentapproacheso software
designimplied radically different modelsof learningandteaching.In the procesf examining
softwarecritically they becamemoreawareof their own values.As their reportsays,“teachers
sawthe enormougedagogicallifferencebetweensolving problemsandformulatingthem,
betweenansweringsomeoneslse'squestionandgeneratingyour own" (p. 40). Thus, the
distinctionbetweencomputercontrol and studentcontrolassumegrimaryimportance.

Taylor (1980)hasa related,but still distinct, position.He suggestshat therearethreemain
categorieslin thetutor role, the computerfunctionsasa substituteor supplementaleacherAs
atool, thecomputercanbe usedto carryout tasks assigneldy thestudent.This tutor/tool
distinctionis similar to that of Olds, et al. Taylor thenaddsa third role, thetutee, in which the
studentlearnsby teachinghe computer.This is the situationwith Logo, whenstudentghink of
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the computerastheir pupil, who/whichneedgo be taught everystepin a procedure.

It is easyto seethat eachof thesetaxonomiegeflectsmorethanjust prevailingnatural
categorief technologytypes.Alessi andTrollip categorizesoftwarein termsof the support it
affordsfor explicit instruction.Web browserswvere not aroundwhentheywrote their book, but
if theyhadbeen,it is safeto saythat browsersvould nothavebeenconsiderednstructional.
Thereis no controlover presentatiorof material;interactionsarenot guided; theregs no
provisionfor practiceto "enhancdluencyandretention,"andthereis no explicitassessment.
Thus, theweb persecould not be consideredgartof computerbasednstruction.In contrast,
othereducatorsnight arguefor eithera broaderconceptionof "instruction,"or for more
attentionto forms of learningthat do nofit within the instructionalmodel. Similarpoints could
be madeaboutthe taxonomiegproposedyy TaylorandOlds, et al.

More recently,Means(1994)describedour different categorie®f educationatechnologies
basedon theiruse:"usedasa tutor”, "usedto explore","usedasatool", and"usedto
communicate"This categorizationmeflectsa growing awarenesthat feature®f hardwareand
softwarealonedo notdetermineaducationapracticesor potentials.Thus, "use'assumes more

centralrole thana priori technologycharacteristics.

The notionthat conceptionsf educationoverrideany senseof naturalcategorie®f technology
is developedn aninterestinghistoricalanalysisof softwarefor literacyinstructioncarriedout
by Hawishern(1994).She show$ow Taylor'staxonomy reflectshencurrentviews aboutthe
potentialfor technologyin educationdrawingobviouslyfrom the earlywork with Logo. Then,
Helen Schwartz'{1982)taxonomy revealssightsfrom thencurrentresearchn science
educationjust asThomasBarkerand FredKemp's(1990)showsthe influenceof thinking
aboutthe socialconstructionof knowledgeandsocialaspectf learning.In eachcase,
pedagogicaphilosophybecomeghe guidingfocus,ratherthantechnologyfeaturesabstracted
from actualuse.

Media for Inquiry, Communication, Construction, and
Expression

A quite reasonablguestionto askis why we needanothertaxonomy ifseveralalreadyexist.
For us, the motivationarosein the midstof a debateconcerningfuture directionsfor
educationatechnologywithin our university. Theauthorswere struckby thefactthat formsof
technologyusethat weconsideredo haveexcellentpedagogicapotentialdid not fit within
prevailingcategorieshat othemparticipantan the debatewvere using.Someof participants
appearedo adopta technocentrianodel oftechnologyuse,onethat seemsatural,but canin
fact be quite limiting. Moreover,we sensedn implicit, but powerfulbehavioristbias,even
amongsomeof thoseeagerto embracannovativeusesof technology.This biasseemedo limit
the student'sole in learningwith the newtechnologiesWe alsofelt that inforegroundinghe
technology the debateobscuredhe studentsactivitiesandlearning,which oughtto havebeen
the centralissue.

The "Interests of the Child"
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In responséo this debatewe beganto searchfor a way to organizethetools, techniquesand
applicationsto accommodat®etterto a constructivistandintegratedview of learning[3] We
assumedhat theideal learningenvironmentvould, asPeterMarin oncesaid,satisfychildren's
curiosity by presentinghem withnewthingsto be curiousabout.It would engagehildrenin
exploring,thinking, reading,writing, researchinginventing,problentsolving, andexperiencing
theworld.

Thus, thebasis foearningwould bewhat JohnDewey (194 3)identified nearlya centuryago
asthe greatesteducationatesource-the naturalimpulsesto inquire or to find out things;to use
languageandtherebyto enterinto the socialworld; to build or makethings;andto express
one'sfeelingsandideas.Deweysawtheseimpulses ratherthanthe traditionaldisciplines,as
the foundationfor the curriculum. The educationathallenges to nurturetheseimpulsesfor
lifelong learning.

Dewey'sfour categoriesgdevelopedong beforethe electronicage,matchedsurprisinglywell to
the waysthefirst authorwasbeginning toorganizehis list of educationatechnology
applicationsit appearedhat ataxonomy coulde built, not on aformal instructionalmodel,
nor on hardwareandsoftwarefeaturesput rather,on the"impulses"to learnandgrow.

Technology as Media

In addition,we wantedto emphasizéhe mediativeaspecbf technologiesThatis, we view the
effectsof technologiessoperatingto a largeextentthroughthe waysthat theyalterthe
environmentdor thinking, communicatingandactingin theworld. Thus, theyprovidenew
mediafor learning,in the sensehat onemight sayland providednew mediafor creaturego
evolve.This view of mediaencompaseegut extendsthe familiar ideaof mediaasa placeto
put information.Today,interactive,multimediatechnologyprovidesus with a newway to draw
upon children'syaturalimpulses.Thesenew mediahold an abundancef materialsincluding
text, voice,music,graphics photos,animation,andvideo. But they providemorethan
abundanceBringing all thesemediatogethermeanghat wecanvastly expandthe rangeof
learningexperiencesppeningup thesocialand naturalworlds. Studentscanexplorethe
relationsamongideasandthusexperiencea moreconnectedorm of learning.Perhapsnost
importantly,thesenew mediaareinteractive,andconduciveto active,engagedearning.
Studentscanchoosewhatto seeanddo, andthey havemediato recordandextendwhatthey
learn.Learningis thusdrivenby theindividual needsandinterestsof thelearner.

We chosetheterm "media," ratherthan"tool," "program,”or "application,"for severalreasons.
We wantedto shift the focusfrom the featuresof hardwareor softwareper seto the useror
learner."Media" suggestshe mediationalfunction of technologiesyhich link the studentto
otherlearnersieacherspthertechnologiesideas,andthe physicalworld. Moreover,as
technologiedbecomeembeddedn socialpracticestheytendto becomanvisible; we focusless
on thefactthat theymay be consciouslyemployedasa tool to do atask,andcometo seethe
taskitself ascentral,with the technologyassubstrateFinally, it is only a small stretchto
extendthe familiar notion of mediafor expressiongonstructionand communicatiorto media
for inquiry.

Thereis an additionalreasorfor consideringechnologiesasmedia.Learningin almostany
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subjecttodaymeansnot only learningthe conceptswithin that areabut also,how to use
technologiesn that endeavorThus, thetraditionallines betweenearningabout technologyand
learningrhrough technologyarebeginning tablur. For example learningscienceentails
learninghow to usecomputersasmediafor collectingandanalyzingdata,for modeling
phenomenaandfor communicatingesults.For theseactivities,sciencestudentsneed
experiencewith thetechnologicaimediascientistause;they needto learnhow to think through
new media.At the sametime, thereis a growing body ofresearclevidenceshowingthat these
mediausesareeffectiveat supportinglearningof conceptsattitudes,and processesrhus, itis
not merecoincidencehat thecategorie®f mediafor learninglisted within the taxonomy below
reflectthe usesof computerdy professionalé variousfields.

The Taxonomy

Combiningthis focuson theinterestsof the child with the view of technologyasmedia,we
devisedthefollowing taxonomy. Foreachsubcategoryye list severalexamplesof existing
applicationsthat fit bestin that position.

A. Media for Inquiry
1. Theory building--technology as media for thinking.

Model explorationand simulationtoolkits
Visualizationsoftware

Virtual reality environments

Datamodeling-defining categoriestelations,representations
Proceduraimodels

Mathematicaimodels
Knowledgerepresentationsemanticnetwork,outline tools, etc.
Knowledgeintegration

2. Data access--connecting to the world of texts, video, data

Hypertextand hypermediaenvironments

Library accessandordering

Digital libraries

Databases

Music, voice,images graphics,video, datatables,graphstext

3. Data collection--using technology to extend the senses

Remotescientificinstrumentsaccessibleria networks
Microcomputerbasedaboratorieswith sensordor temperaturemotion, heartrate,etc.
Surveymakersfor studentrun surveysandinterviews

Video andsoundrecording

4. Data analysis
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Exploratorydataanalysis
Statisticalanalysis
Environmentdor inquiry
Imageprocessing

Spreadsheets

Programdso maketablesandgraphs
Problemsolving programs

B. Media for Communication

1. Document preparation

Word processing

Outlining

Graphics
Spelling,grammarusageandstyle aids
Symbolicexpressions
Desktoppublishing
Presentatiomgraphics

10/14/2005 04:17 PM

2. Communication--with other students, teachers, experts in various fields, and people
around the world

Electronicmail
Asynchronousomputerconferencing

Synchronousomputerconferencingtext, audio,video, etc.)
Distributed informatiorserverdike the World-wide Web

Studenicreatednypertextenvironments

3. Collaborative Media

Collaborativedataenvironments
Groupdecisionsupport systems
Shareddocumentpreparation
Social spreadsheets

4. Teaching Media

Tutoring systems
Instructionalsimulations
Drill andpracticesystems
Telementoring

C. Media for Construction
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Control systems-usingtechnologyto affectthe physicalworld
Robotics

Control of equipment

Computeraideddesign

Constructionof graphsandcharts

D. Media for Expression

Drawing and paintingprograms
Music making ancaccompaniment
Music composingand editing
Interactivevideoandhypermedia
Animation software

Multimedia composition

A Systematic Test of the Taxonomy

In orderto testthis taxonomy, thewuthorslookedfor a setof currenteffortsto conductresearch
anddevelopmenbf educationatechnologiesvhich to classifyaccordingto this taxonomy. The
secondauthorhada researctprojectfundedby theNational Science~oundation's prograrim
Applicationsof AdvancedTechnologiegAAT) in its Directoratefor Educationand Human
ResourcesAt a meetingof the Principallnvestigatorf all thoseprojectsin Junel996, he
receiveda short descriptiorof eachof the fundedprojects,alongwith a longerpresentatiorby
mostof the Pls. Theshort descriptionarealsonow on theWorld-Wide web
<http://www.ehr.nsf.gov/RED/AAT/AATABS96.htm aswell asin AppendixA of this paper.
Thetwo authorsndependentlyclassifiedeachprojectaccordingto the taxonomy presenteldere
and met toreconcileminor differencesn their classificationof the projects.We thensentthe
URL for a web-baseddraft of this paperto eachof the Principalinvestigatorof the NSF
fundedprojectsin AppendixA andinvited their commentsoth on ourclassificationof their
individual projectsandon thetaxonomy as whole. Many of them madéelpful commentsand
severalsuggestedaninor modificationsin the assignment ofheir projectto categoriesUsually,
suchcommentsvere of the form, ?itEslsoin ...? or a shift within one of the four major
categoriesHereis thetaxonomy filledin with the namesof the Principallnvestigatorof the
projectsthat exemplifythe different categorie$4]

Taxonomy with Exemplars
A. Media for Inquiry
1. Theory building
e Model explorationandsimulationtoolkits

Forbus Garik, Guzdial Horwitz, Kaput, Lewis, Resnick Soloway Stephanopoulqgs

Wilensky
e Visualizationsoftware
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Edelson GreenbergKaput, Peg Soloway Stanley
¢ Virtual reality environments

Loftin

e Datamodeling
Soloway

e Proceduraimodels

¢ Mathematicaimodels

e Knowledgerepresentation
Papert

¢ Knowledgeintegration
JacobsonLinn

2. Data access

e Hypertextandhypermedianvironments
Jacobson
e Library accessandordering
¢ Digital libraries
Atkins
e Databases
Garik, Loftin, Soloway
e Music, voice,imagesgraphicsyvideo,datatables,graphstext

3. Data collection

¢ Remotescientificinstrumentsaccessiblevia networks
Barstow Songer Sadler

e Microcomputerbasedaboratories
Kaput, Nemirovsky, Nolet, Soloway Tinker

e Surveymakers

¢ Video andsoundrecording

e Realtime dataaccess
PearlmanSoloway

4. Data analysis

e Exploratorydataanalysis
Nolet, Pearlman
e Statisticalanalysis
e Environmentdor inquiry
Linn, Pea
e Imageprocessing
Barstow Bamberger
e Spreadsheets
e Programgo maketablesandgraphs
Nolet
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e Problemsolving programs
B. Media for Communication
1. Document preparation

Word processing

Outlining

Graphics
Spelling,grammarusageandstyle aids
Symbolicexpressions
Desktoppublishing
Presentatiomgraphics

2. Communication

e Electronicmail
Klotz, Levin, Verona

e Asynchronousomputerconferencing
Levin, Rowe Verona

e Synchronousomputerconferencing
BambergerMeans

¢ Distributed informatiorservers
Klotz, Levin, Linn

e Studenicreatedhypertextenvironments
Levin

3. Collaborative Media

e Collaborativedataenvironments
BambergerPea Tinker

e Groupdecisionsupport systems
Soloway

e Shareddocumentpreparation

e Social spreadsheets

4. Teaching Media

e Tutoring systems
Anderson Baker
¢ [nstructionalsimulations

Forbus GreenbergGuzdial Horwitz, Kaput, Lewis, StephanopoulqdVilensky

e Drill andpracticesystems
e Telementoring
Means
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C. Media for Construction

e Controlsystems
¢ Robotics
Resnick Nemirovsky
e Controlof equipment
e Computeraideddesign
Fischer
e Constructionof graphsandcharts

D. Media for Expression

Drawingandpaintingprograms
Music making ancdaccompaniment
Music composingandediting
Interactivevideo andhypermedia
Animation software

Multimedia compositionmedia

Discussion

Many projectsappeain morethanoneplacein the taxonomy. Ofterthis is dueto the
complexityof the projects,eachconsistingof different elementswhich fit into different parts
of thetaxonomy. Som@rojectsevenhaveasa goalthe integrationof differentaspectof
learningrepresentetyy differentpartsof this taxonomy. Insomecasesthe authorshadto add
new subcategoriesf the four major categoriessincetheseprojectsaredevelopinginnovative
usesof technologiedor learningthat didnot existwhenthe taxonomy wadgirst developed.

It is interestingto look both at wheretheseprojectsclusterin this taxonomy, andilsoatthe
areaghat ardeft vacant.Below is a table providing a countof the numberof AAT projectsin
eachof the four major categories.

Table 1
Number of Entries in Each Taxonomy Category
’Category ’AAT projects
Inquiry | 43
ICommunicatior) 27
IConstruction || 3
[Expression || 0

Note: Severalprojectsappeailn morethanone categoryandsubcategory.

Thefirst two categorieginquiry andcommunicationpreheavily representethy theAAT
projects,while thelattertwo aremuchless soThis patternmay be entirelyappropriategiven
the emphasi®n mathematicandscienceearning.lt would beinterestingto comparea
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comparablesetof projectsin othercurricularareas.

Noneof the AAT projectswere classifiedasbeingexamplesof the "educationaimediafor
expression'tategory,eventhoughmultimediafiguresprominentlyin manyof the projects.But
personalexpressionn the senseDeweymeantis not emphasizedh theseprojects.This may be
a newareafor researcltanddevelopmentith educationatechnology.

Summary

We haveoutlineda newway of classifyingusesof educationatechnologiesbasedon afour-
partdivision suggestedby Dewey:inquiry, communicationgconstructionandexpressionThis
taxonomy coversnoreof the currentusesof educationamediathanprevioustaxonomies,
including manyof the cutting-edgeusesof educationatechnologiesWe havetestedthe utility
of this taxonomy by using to classifythe setof "advancedpplicationsof technologies”
supportedby theNational Science~oundationAnd we haveusedthe taxonomy topointto new
possibleusesof technologiego support learningWe hopethat thistaxonomy carserveasa
starting pointfor further explorationsof innovativepowerfulusesof technologieso support
learningandteaching.
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Appendix A

Descriptionsof the AAT projects
We classifiedthosethat werefundedasof June23, 1996.

Footnotes

[1]This is a good timeto suggest additionfetterexamplesgriticisms,questionsandmore!
[2]Also knownasKarl LinnZ.

[3]As this taxonomy grewMichael Waugh,KathleenDevaney and manyotherscontributedto
its developmenandhelpedto refine andshapet.

[4]We sentthe URL for this paperto eachof the Principallnvestigatorof the NSFfunded
projectsclassifiedhereandinvited their commentn ourclassificationof their projects.
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