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In hiswell-known essayon the natureof scientific revolutions Kuhn (1972)
theorizedthat scientific researchproceedsthrough long, relatively stable
periodsof normalscienceintermittentlypunctuatedy briefer, moretumul-
tuoustimesin which new paradigmdor researchmayemerge He charac-
terizednormal scienceas “researchfirmly baseduponone or more past
scientificachievementschievementthatsomeparticularscientificcommu-
nity acknowledgedor a time as supplying the foundationfor its further
practice”(p. 10).

A scientific achievementepresentsa paradigmfor Kuhn if it raisesa
compellingsetof researchablquestionsaand attractsafollowing of workers
intent on pursuingthosequestionsThe paradigmsuppliedts practitioners
with “topics, tools, methodologiesand premises”(Lehnert, 1984, p. 22). It
providespurchaseén attackingwhat might previouslyhavebeenconsidered
intractableproblems.A paradigmis not fixed, however,butis refined and
extendedthrough use.In Kuhn’s words,it becomesan object for further
articulationand specificationundemew and stringentconditions” (1972,p.
23).Overtime, competingparadigmsnayemergepotentiallyleadingto one
paradigm’sabandonmeni favor of another.Such shifts are alwaysrevo-
lutionary occurrencesAs Kuhn observed;the transitionbetweencompet-
ing paradigmscannotbe madeastepat atime, forcedby logic and neutral
experiencelike the gestaltswitch, it must occurall at once (thoughnot
necessarilyin an instant)or notatall” (1972,p. 150).

Oneinterestingfeatureof Kuhn'stheoryof scientificrevolutionsis whathe
referredto as the “incommensurabilityof the pre- and post-revolutionary
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normal-scientifictraditions” (1972, p. 148). Adherentsto a new paradigm
adopt an altered Weltunanschauungprescribinga newway of observing,
reflectingon, anddescribingthe world. Thoughthe notion of incommen-
surabilityis asourceof controversyamongphilosophersf sciencgBiagioli,
1990;Kitcher, 1978) Kuhn heldthat theeffectof aparadignshiftisto produce
adivided communityof researchersolongerableto debateheir respective
positionspwingtofundamentatiifferencesnterminology conceptuaframe-
works, andviews on whatconstituteghe legitimatequestion®f science.

In this chapter! arguethat, seenfrom a Kuhnian perspective,instruc-
tionaltechnology(IT) hasundergoneseverakuchparadigmaticshiftsin its
relatively brief history. As a resultof theseshifts, thefield hasbeenbalkan-
ized into a numberof smallercommunitiesgachutilizing different research
practicesand espousinglargely incommensurableviews of learningand
instruction. | arguefurther that therenow appearsto be anew paradigm
emergingwithin IT, arising from yet anotherperspectiveon these same
issues.This developing paradigm,for which the acronymCSCL has been
coined (Koschmann,1994a), focuseson the useof technologyas a media-
tional tool within collaborativemethodf instruction. Before pursin.~this
analysishowever let me addressomepotentialconcernsaboutthe legiti-
macy of applying Kuhn’s theoriesto the body of work devotedto the uses
of technologyin instruction.

First in this regardis the issue of natural versusartificial science.In
Science®fthe Artificial, Simon (1969) defined naturalscienceas“a body of
knowledgeaboutsomeclassof things—object®r phenomena—ithe world,;
aboutthe characteristicsand propertiesthat they have; about how they
behaveandinteractwith eachother”(p. 1). The historical eventson which
Kuhn focused, such as Lavoisier’'s discoveryof oxygen and Copernicus’
developmenbf a newmodel of the solarsystem,were clearly examplesof
this type of endeavorThe centralthrustof work in IT, on the otherhand,
has beento producepractical artifactsto supportinstructionrather than
to discovernew principles about the naturalworld. Simon proposedan
alternativecategoryof scientificinquiry (i.e., artificial science)or work in
areasdevotedo the productionof teleologicalobjectsdesignedo serve a
particular goal or purpose.The issue,therefore,is whetheror not it is
appropriaté¢o generalizekuhn’s descriptionsof conductwithin the natural
sciencego work within an artificial sciencesuchas|IT.

A second,and related,concernhasto do with the role of theoryin the
emergencanddissolutiorof researclparadigmsThagard1992)hasargued
that althoughthere havebeennoteworthyconceptualshifts in the social
sciencessuchasthe shiftin psychologyfrombehaviorisimto morecognitive
approachesthey are different from the revolutionaryshifts that haveoc-
curredin thenaturalsciencesde madeacriticaldistinctionbetweertheories
and approachesThagard defined a theory as a “coherentcollection of
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hypothesegwhich] serveto explaina broadrangeof empiricalgeneraliza-
tions and facts” and an approachas“a generalcollectionof experimental
methodsand explanatorystyles” (1992, p. 225).He concludedthat because
the social scienceshave failed to produceany broad, unifying theories
comparabldo Newton'stheoriesof mechanic®or Darwin’stheoryof natural
selectionthe conceptuashiftsthathavemarkedyastresearclin thesefields
were “morethe result of methodologicakonsiderationshan evaluationof
explanatorycoherence’(p. 225). Thagard’sposition is of interesthere be-
causel arguethatthe shifts that haveoccurredn IT were in fact driven by
shiftsin underlyingpsychologicaktheoriesof learningandinstruction.

Wheread is quitetruethatinstructionaltechnologyas afield of study, is
differentin manyrespectsrom the scientificdisciplinesdescribedy Kuhn,
this doesnot meanthat it could not be productively studiedby the same
means Althoughthe practicesof researctandstandardsf evidenceautilized
within a field suchas|T may bequite different from thoseemployedwithin
the naturalsciencegheres noreasorto believethattheculturalfactorsthat
organizeand lend structureto the field would be any different from the
analogousfactors operatingwithin the disciplinesstudiedby Kuhn. By the
sametoken, Thagard’s distinction betweentheories and approachesal-
thoughimportantto histypologyof conceptuathifts,doesnotprecludean
historical analysisof work within IT. Althoughthe underlying theoriesof
learningandinstructionthat| arguehaveinformed workin IT do not meet
Thagard’'sstandardor a“theory,” the factthattheyhaveresultedn paradig-
matic shiftsin practiceistheimportanissuehere Whethemwe chooseo call
the fundamentakreconceptualizationsinderlying theseshifts “changesin
theory”or “changesn approach’is of little consequenc#o this discussion.

Conductinga Kuhniananalysisof IT is aninstructiveexercise requiring
a reexaminatiorof the theoriesthat havemotivatedwork in the field and
the practicesby which technologicainnovationsare designedand evalu-
ated.Focusingon foundationaltheoriesandresearchpracticesas opposed
to the form andintendedrole of the designedartifacts,representsa novel
way of conceptualizingpast(andfuture)work. | beginthis analysisby looking
briefly at someof the pastparadigmsfor researchn the field. Thisserves
as backgroundto the more centralquestionof this chapter;that is, does
the emergingoody of work devotedto CSCL constitutea newparadigmfor
researchn IT?

PAST PARADIGMS OF INSTRUCTIONAL
TECHNOLOGY

There are many ways of usingtechnologyto supportinstruction. Before
computers,a numberof other forms of technology—film, radio, and televi-
sion—hadbeenintroducedinto the classroomwith varying degreesf suc-
cesgCuban,1986).It wasnotuntil the adventof computers however that
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instructionaltechnologycameinto itsown as a broadareaof studyandmy
analysistherefore focuseson the useof computer-basetéchnologies.One
can identify severalpastparadigmdor the instructionaluseof technology,
bothwithin and outsideof the classroomln this section,! describethree—
Computer-Assistethstruction(CAl), IntelligentTutoring SystemgITSs), and
the Logo-as-LatinParadigm.

Becauseahe paradigmswve are aboutto considerare paradigmsin edu-
cationaltechnology,! endeavorto addressfour questionsfor each—two
theory-basedandtwo relatingto practice.First, what is the implicit theory
of learning uponwhich the paradigmwas constructed#ormulatingan an-
swerto this questiorwill in many casesentail an exploration of the para-
digm’s epistemologicatommitmentsandits underlying philosophyof mind
(Ernest,1995). Secondyhat is thetheory ofpedagogythat is, the underlying
model of instructionimplicit to the paradigm?Of particular interesthere,
of course,istherole of technologywithin this model.Shifting tothe practical
aspectsfthe paradigmthethird questionexplorests researchmethodology
(i.e., How are claimswarrantedVhat countsas scientific evidenceVhat
are the methodsby which this evidenceis gathered?)The fourth andfinal
questionconcernswvhat Kuhn calledthe “legitimate” (1972, p. 10) research
problemsof the paradigm thatis, whatarethe importantresearchquestions
that the paradigmwas establishedo address?

Developinganhistoricalanalysisof pastparadigmdor researchn IT isan
ambitiousprojecttowhich afull bookcould bedevoted Becausehe focusof
thisvolumeis onthedevelopmencbfCSCLasanemergingareaofwork lSnIX

ide a cur tch of the igmsth avecomeb for
g Yoratl%no yb Ff(groun at%?@%%ssen%ta oweverto eveﬁoplng

an understandmg;fthe contextwithinwhichwork in CSCL arises.

CAIl Paradigm

BecausdghetermComputer-Assistelhstruction(CAl), alongwith relatedterms
such as Computer-Basethstructionand Computer-Aidedlearning, is usedin

The term computer should be construed broadly enough, however, to include emerging
technologies such as high-bandwidth networks, wireless telecommunications, interactive
television, and video conferencing.

2For the reader interested in exploring this body of work in greater detail, there are a
number of references that could serve as points of departure. O’Shea and Self (1983) provided
an excellent overview of early work done within the CAl tradition. Larkin and Chabay (1992)
highlighted some of the connections among more recent work in CAl and ongoing work within
the ITS tradition. Wenger (1987) provides a very thoughtful analysis of work within the ITS
tradition. The contrast between constructivist theory and more traditional approaches to
instructional design are taken up in a book edited by Duffy and Jonassen (1992). Finally, three
edited collections (Jones& Winne, 1992; Laioie & Derry, 1993; Rutkowska & Crook, 1987) straddle
the division between constructivist theories of education and traditional ITS research.



1. PARADIGM SHIFTS AND INSTRUCTIONAL TECHNOLOGY S

a variety of waysin the IT literature,some clarificationis required.In the
earlyliterature, CM was usedgenericallyas a blanketterm for all usesof
computersn educatior(e.g.,Steinberg,1991). Later, it cameto represena
default backgroundagainst which other more specific approachesvere
contrasted(e.g., Wenger, 1987). In the current discussion,however,| use
the term in amore specific senseto referto a particularparadigmin the
designand evaluationof instructional technologies! have chosenIBM's

releaseof Coursewriterl, the first CM authoringtool (Suppes& Macken,

1978), in 1960 to serve as the inaugural eyentfor the emergencedf this
) Ig'ﬁ%ea vento coursewgrebuﬁgmg tools ma e?tgposgl)lefor

ﬁ’]acyfril/?(il%rgfswithout formaltraining in programmingor computerscienceto
developtheir own computer-basetkachingaids. BecausenanyCM devel-
opershavebackgroundsn teaching(Larkin & Chabay, 1992), applications
developedunderthis paradigmtend to be straightforwardand practical
instructionaltoolsdesignedaroundthe identified needsof the classroom.4
Becausaf thesecloseties betweenCAl developerand educatiormpracti-
tionersCM applicationgendtoreflectthe beliefsandattitudesof thegeneral
educationcommunity. Cuban(1993) describedwhat he referredto as the
“dominant cultural norms” with respectto learning, instruction, and the
natureof knowledgeThesebeliefs,thoughrarelymadeexplicit,arepervasive
within the educatiorworld and are embracedby studentsteachersschool
administratorsand membersof the surroundingcommunity. In this view,
learnings seerasthepassiveacquisitioror absorptiomf anestablishedand
oftenrigidly defined)body of information. Theteacher’srole is to “acquire
formal knowledge,find efficient ways of sharingit, and determinewhether
pupilshavdearnedwhatwastaught” (Cuban,1993,p. 248).Instruction then,
becomes processf transmissionor delivery. Reflectingthe influence of
prior work in programmedinstruction (Skinner, 1968) and instructional
designGagn~,1968),CAl applicationaitilize astrategyof identifyinga specific
setof learninggoalsdecomposintheseyoalsinto asetof simplercomponent

3n providing an historical account of past work in IT, | have identified specific events to
mark the emergence of each of the paradigms described. By coincidence, each of these selected
events occurred ator near the beginning of a new decade. This pattern was quite accidental,
however, and not meant to imply that a shift in paradigms need be expected every ten years.
Indeed, each selection was somewhat arbitrary and for every chosen event there were
alternatives, before and after, that could have served in its place. Selecting alternative events
would not only change the dates on which some of the shifts occurred, but could in some cases
change the order of their emergence. This type of historical gerrymandering, however, would
in no way alter the central claim of the chapter, namely that shifts in research practice have
occurred in instructional technology, resulting in the creation of several distinct communities
of practice.

‘At least this has been the intent. Cuban (1986) has argued that the failure of various
technology-driven initiativesto achieve anappreciable impact has been due largely to a failure
on the part ofthe designers to fully appreciate the expectationsand requirements of classroom
practitioners.
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tasks, and, finally, developing: sequence of activities designed to eventually
leadto the achievemenbfthe original learningobjectives.

Evaluativeresearchn educatiorhas been, andto a largeextentcontin-
uesto be, dominatedby a tradition that is both behavioristicand experi-
mentalist(Lagemann, 1989). Work in CAl can be seenas upholdingthis
tradition(Blaisdell, 1976). Sharingthe positivist'sdistrustof nonpublic,men-
talistic phenomenaCAl researchersonstruelearningas a measurable
differencein displayedproficiency.Learning,sodefined,servesas adepend-
ent variablein CAl researclwhile the introductionof someform of techno-
logical innovation representghe experimentalintervention.The use of
control conditionsis commonin CAl studies—eithethroughactualmatched
samplesor through the use of pre- and post-treatmentestingin which
experimentalsubjectsserveastheir own control.

CAl studiesare designedo addresghe question:Whatare the instruc-
tional benefitsof anintroducedtechnology”Researchunderthis paradigm,
therefore ,hashadas acentralconcerrtheissueof instructionalefficacy. The
paradigmitself hasundergonesome refinementovertheyears. Early work
relatedto programmednstructionfocusedon parametersfreinforcement
andtheir effectson learning(e.g., Coulsen,Estavan Melaragno,and Silber-
man,1962; Gilman, 1967).Thesewerecarefullycontrolledlaboratorystudies
very muchin the styleof the behavioristicschool(Skinner,1968).Later work
(e.g., Merrill, Schneider& Fletcher, 1980) has attendedto other kinds of
variablesand adopted “systems”orientation(Dick, 1987)involving testing
in more authentic contextsand the use of multiple dependentariables.
Throughouits history, thetraditionhasfavoredtechnology-driverresearch
in whichthe emergencef someform of technology(e.g., microcomputers
[More & Ralph, 1992], hypertext, CD ROMs [Riding & Chambers, 1992])
stimulatesaresearcho evaluateits effectson learningoutcomes.

ThoughCAl is the oldestparadigmfor work in IT, it is by no meills an
abandonedne Applicationsdesignedmderthis paradignrangefrom early

drill-and-practiceprogramst re etwork-basedVorld Wide Web
docum nﬁsﬂ? gcount%r t?] E) lfnmstrucnon so tware now in

actualclassroonuse,and evaluatingthe instructionaleffectsof suchappli-
cationscontinuesto be an activeareaof research.

ITS Paradigm

Theemergencef the nextparadigmwasthe directresultof animmigration,
which beganin the early 1970s,0of workersfrom the field of Artificial Intel-

~ s by no means wish to suggest by this that all Web applications should be viewed as
extensions of the CA] paradigm. The World Wide Web isvery much a work in progress and |
only wish to observe that at least some of its current applications, in their design and
methodojogies of evaluation, are consistentwith the traditions of CAl research.
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ligence(Al) researchinto the educationalarena.Carbonell’'sthesisdefense
(1970)wascited by Wenger(1987) as the eventthat markedthe onset of
thisinflux. Researcln Al is foundeduponthe conjecturethat cognitionis,
in some sense,a computationalprocessthat can be studiedthrough the
constructionof “intelligent” systemshat serveas functional modelsof the
otherwiseinaccessibleprocesse®f the human mind (Pylyshyn, 1989). If
machinescan be programmedto displayintelligent behavior, thereis no
reasonat leastin principle, that systemsould not be designedo assume
the role of a skilledteacher.Sinceone-on-oneutoringis commonlyconsid-
eredthe gold standardagainst which other methodsof instructionare
measuredBloom, 1984),the paradigmis foundedon the propositionthat
educationcould be globally improvedby providing every studentwith a
personalalbeitmachine-basedutor(Lepper,Woolverton, Mumme,&Gurt-
ner, 1993).

InformationProcessin@ heory(Simon, 1979) servedas oneof the found-
ing premisedfor work in Al. It held that problem solving (humanand oth-
erwise)couldbe seerasa proces®f definingarepresentationf aproblem
spaceconsistingof an initial state a goal state,and a setof operationsor
moving from one stateto another.By this view, representatiobbecamea
centralissuefor understandindpoth problemsolving and cognitionin gen-
eral. Learning,in this light, becomeghe processby which the problem
solver acquiresa proper representatiorof a problem space.Instruction,
then, consistsof activities designedo facilitate the acquisitionof sucha
representatioby thelearner.Therole of technologyin this processs really
not sodifferent from the role that it assumesvithin the CAl paradigm.The
differencesare more in degreethanin kind. In both cases,the designed
application servesinstructionby posing problemsand by providing feed-
backto the learner.The differenceis that ITSs aspireto do this in a more
interactivefashionandwith respectto a more complexset of skills.

Much more striking differences are seen, however, in the evaluative
methodswhich comprisethe paradigms.Unlike the CAl paradigmwhich
reflects the standardsand methodsof the generaleducationalresearch
community, the ITS paradigmappliesan approachadoptedrom research
in Al. Al researchis dedicatedto the task of providing an account, in
computationalterms (i.e., algorithms and representationatchemes) of
various aspectf human cognition. The processy which this is accom-
plishedwasdescribedby Lehnert(1984) as follows:

1. Proposea theoryto explainthe phenomenon.

2. Implementthe theory in a computerprogram designedo simulate the
phenomenon.

3. Run the program.

4. Analyzethe program’soutput. (p. 24)
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When! referto the ITS paradigm, therefore, | am r~f~rring to work that
applies the methodsof Al researchto the task of understandingskilled
tutoring in complexdomains.Competenttutoring in such domainsraises
severalproblemsin representation—howo representhe knowledgeof an
expertin the domain, how to representhe pedagogicalexpertiseof the
tutor, and how to representthe (possibly faulty) understandingf the
studentuser(Wenger,1987).

Researchconductedunder this paradigmleadsto the generationof a
different set of researchquestionsfrom those addressedvithin the CAl
tradition. Whereasinstructional efficacy is the sine qua non for CAl re-
searchersthe critical issuefor ITS researcherss instructionalcompetence;
thatis, doeghe applicationfaithfully emulatethebehaviorof a skilled tutor?
Thefocus,thereforeijs onthefidelity ofthesﬁl]ste ﬁplerformance atherthan

its effectfon stud nﬂearndn outcomes.® 1SS n prioritieshasbeena
sourceof misun erstan r?gimongresearchersrvorkmg within the two

paradigmsTo aniTS researcheacompletedorogranservesasanexistence
proof for atheory, whereado a CAl researchemo projectis completeuntil
the application’sraluehasbeendemonstrate the classroom.

In theend,howeverthesetwo paradigmshavemorein commonthan is
usuallyappreciatedAlthoughoneis implicitly behavioristicin its approach
andthe other explicitly cognitive,both assumean epistemologicalstance
that is realist and absolutist(Doerry, 1994, Ernest, 1995). Both reflect pre-
vailing notionsof knowledgeas given and of teachersas the final authority
(Schommer,1990). Thereis animplicit commitmentto the existenceof a
“correct” representatiorand a view of the tutor asan agentfor effecting
the learner’sacquisitionof this representationFurthermore like the CAI
developersbefore them, ITS researcherembracea rather conventional
view of teachingas delivery, what hasbeentermeda transmissionmodelof
instruction(Pea,chapter7,this volume).Wenger(1987),for example,argued
that “the ability to causeand/orsupportthe acquisitionof one’sknowledge
by someonelse, via arestrictedsetof communicatioroperations”wasthe
central problemof ITS design(p. 7). As we see,however,later paradigms
representadeparturefrom thesereceivednorms,bothin their underlying
epistemologicaframe of referenceandin their modelsof instruction.

6This is not to say that there has been no research on the efficacy of Intelligent Tutoring
Systems. However, most research within the ITS paradigm (as | have defined it here) has
concerned itself with issues other than efficacy (e.g., what accounts for expertise [Koedinger
& Anderson, 1990], how to provide plausible explanations to the student IClancey, 1983], how
to represent the student’s faculty understanding [VanLehn, 1982], the pragmatics of student!
tutor interaction (Woolf & McDonald, 1984]). Although recent research in instructional design
(e.g., “structural learning” [Scandura & Scandura, 1988], 1D2 [Merrill, Lin, & Jones, 1990]) is
reminiscent of earlier ITS work in its emphasis on knowledge representation, its behavioristic
evaluative traditions align it more comfortably with the CAl paradigm.
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Logo-as-Latin Paradigm

The next paradigmarosefrom an epistemologicalperspectivethat holds
knowledgeto be acquiredthrough“a proces®f subjectiveconstructionon
the part of the experiencingorganismratherthan a discoveringof ontologi-
cal reality” (von Glasersfeld, 1979, p. 109). This view of learning, which is

explicitly relativistic and fallibilist (Ernest, 1995),is referredtq ascongruc-
E)\)I(Erln Iﬂf %aJIi\t”s (I)riglnns%l%le V\$Ot‘k o? the é\lle\ropmenta sycho ogl;llst

lagetwho introduceda theoryof learningwherebynewinformationinter-
actswith prior knowledgethrougha processof assimilationand accommo-
dation (Piaget, 1985). This constructivistview of learninginspiredthe
developmenbf a numberof instructional methods(e.g., “learning by dis-
covery” [Shulmané& Keisler, 1966]; Open-Classroonhearning, [Kohl, 1969];
ExperientialLearning, [Koib, 1984]; Inquiry Learning [Bateman, 1990]) all
dedicatedto the propositionthat learningoccursmostpropitiouslyunder
circumstancesf personalnquiry anddiscovery.

Paperi(1980) arguedthat the activity of programmingcomputerscould

play an importantrole in constructivistlearning.8Computerprogramsare
particularly interestingartifacts for a learnerto constructbecauseunlike
term papers and other traditional class projects, they are executable.n
building an executableaartifact, suchas a microworld or a computer-based
simulation thelearnerin effect“teachesthecomputerthus providinganew
role fortechnologyin learning.Insteadf servingasa stand-irfor theteacher,
aswasthe casean the CAl andITS paradigmsthecomputerbecomestutee”
(Taylor, 1980), allowing the learner to assumethe role of teacher.The
assumptiorhereisthatby engagingn the activitiesof programming—design-
ing, building, and debuggingprograms—théearneracquirescognitivebene-
fits that extendbeyondsimply learningto codein aparticularlanguageA
substantiatesearcHiterature hasaccumulatedhat addressethe question
of just what these benefitsmight be (Mayer, 1988; Palumbo, 1990; Pea &
Kurland, 1987; Salomon & Perkins, 1987). Much of this researchinvolves
learningo programin Logo,a powerfulprogramminglanguagalesignedoy
Wally Feurzeigin the mid-1960sfor use by young children(Papert,1980).
Becausanuchof this work focuseson learningto programin the serviceof
moregeneraleducationalobjectives,| havetermedthis researchapproach
the Logo-as-LatinParadigm(Koschmannin press).

7This is admittedly a bit of a gloss—constructivism is more a shared orientation than a
unified school of thought. Within the community of workers collectively labeled as “construc-
tivists” can be found a number of competing perspectives including radical construciwism (von
Glasersfeld, 1979), ecological constructivism (Steler, 1995), social constructivism (Bauersfeld, 1995),
and advocates of Cognitive Flexibility Theory (see chapter 2, this volume), sometimes labeled
information-processing constructivists (Steffe & Gale, 1995).

~Becausef its important role in stimulating later research, | have selected the publication
of Papert's Mindstorms as the inaugural event for the emergence of this paradigm.
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Exploringthe cognitive benefitsof programmingcanbe 5~nasonepart

of a broademovementin educationalpsychologyto identify mechanisms
for fostering the developmentof generalskills for learningand problem-
solving (Bruer, 1993; Segal, Chipman, & Glaser, 1985). As a consequence,
researchersvorking within this paradigmhave utilized the standardre-
searchmethodsof educationalpsychologyin assessinghe cognitive bene-
fits of learningto program.Whereasresearchunderthe CAl Paradigmis
concernedwith instructionalefficacy, Logo-as-Latinresearchifocusesmore
specifically on the issueof instructional transfer. Programmingnstructionis
treatedasthe experimentalintervention,and subsequenperformanceon
other relatedtasks servesas the dependenvwariable. The useof control
groupsis common.Studies,so constructedhaveinvestigatedthe effect of
learningto programon planning(De Corte,Verschaffel,& Schrooten,1992),
metacognition(Clements & Gullo, 1984), and other aspectsof cognitive
performancelLehrer& Littlefield, 1993)Y

Constructivistresearchakesasits centralconcerntheissueof cognitive
self-organization(Cobb, 1994).In sodoing, it adoptsthe view of mind asa
phenomenonesidingwithin the headof theindividual. This is a view that
is deeply steepedn western philosophicaltraditions and that is founda-
tional to most currentresearchin psychologyand education.lt is not
universally held, however.Thereare competingviews that placethe mind
within the surroundingsociocultural environment.As we seein the next
section,these alternateviews haveimportantimplications for education
andthe useof technologytherein.

CSCL: AN EMERGING PARADIGM
IN INSTRUCTIONAL TECHNOLOGY

| arguein this sectionthat we are currently witnessingthe emergencef a
new paradigmin IT research;onethat is basedon different assuml)tions
aboutthe natureof learningandonethat incorporatesanewsetof research
practices Althoughthereis a notedlack of agreemenamongthe prevhtisly
describedparadigmsvith respecto theirtheorief learningand pedagogy,
all threeapproachlearningand instructionas psychologicalmatters (be
theyviewedbehavioristicallyor cognitively) and,as such,areresearchable

~Itis worth noting that not all Logo-as-Latin research is based on Logo; nor does all research
involving programming in Logo necessarily represent Logo-as-Latin research. There have been,
for example, related studies exploring the cognitive benefits of programming In Prolog (Scherz.
Goldberg, & Fund, 1990; Verzoni & Swan, 1995). Conversely, there is considerable research using
Logo that isnot concerned with the issue of transfer. This is true, for example, of much of the
research done by Papertand his associates (e.g., Harel & Papert, 1991). Following in the tradition
of classical Piagetian research, much of Papert's workwith Logo has tended to consistof case
studies designed to document children’s achievements while working with computers.



I. PARADIGM SHIfTS AND INSTRUCTIONAL TECHNOLOGY 1

by the traditional methodsof psychologicalexperimentationThis newly
emergingparadigm,on the otherhand,is built uponthe researchraditions
of those disciplines—anthropologysociology, linguistics, communication
science—thatare devotedto understandinganguage culture, and other
aspectof the social setting(cf. Scott, Cole, & Engel, 1992). As a result, it

reflectsa different view of learningand instruction,onethat brings these
social issuesinto the foregroundas the central phenomenafor study
(Hutchins,1993).This perspectivdhasbeeninfluencedby anumbeiofrecent
movementsin the socially oriented(asopposedo the psychologicalsci-
ences!) briefly describethree, al(ghough therewere certainlyothersthat

havecontributedto this Zeitgeist.’

Socially Oriented Constructivist Viewpoints

Constructivismoriginally arose out of Piaget'sresearchin developmental
psychologyandhasdevelopednto animportantperspectiven educational
researchcf. Steffe& Gale, 1995).Within the constructivistcamp,thereis a

growinginterestin the social contextwithin which learningoccurs.Notable
in this regardis the researchof the so-calledneo-Piagetians,who have
emphasizedhe importanceof peerinteractionfor cognitive development
(Doise& Mugny, 1984).In educationalkresearclparticularlyin mathematics
education)aschool of thoughtknown as socialconstructivismhasemerged
(Bauersfeld,1995; Cobb, 1994). As a constructivistperspective,t takesa

nonabsolutistfallibilist view of knowledgeas constructedbut, unlike other
constructivistpositions,viewsthis constructionto be anessentiallysocial

procesqErnest,1995).

Soviet Sociocultural Theories

Anotherimportantinfluencewasthe researchof Sovietpsychologistanter-

estedin the cultural basisof humanintellect. Perhapsthe best known of
thesewasVygotsky, who formulatedthe theoryof cultural-historicalpsychol-

ogy (van der Veer & Valsiner, 1991). His General GeneticLaw of Cultural

~ ~T'wo other movements not discussed here but worthy of mention are Symbolic Interac-
tionism and Social Constructionism. Symbolic Interactionism has its rootsin the writings of the
American Pragmatist philosophers, particularly George Herbert Mead (Blumer, 1969). As an
analytic framework, however,it shares many of the concerns of the other approaches described
here, especially the Soviet sociocultural theories and Situated Cognition (Star, 1996). Social
Constructionism is another related movement that represents a research tradition in social
psychology and sociology (Gergen, 1985; Harr~, 1986). Constructlonism (the “N” word rather
than the “V” word) is dedicated “to the task of describing what the ‘inner’ life of a ‘lingulstlcally
situated person’ in a socially constructed world is like” (Shotter, 1993, p. 161). Evidence of this
inner life is extracted from the study of day-to-day communicative activities, discursive
practices, rhetoric, and argumentation (Billig, 1987). Social Constructionists, like the socially
oriented constructivists, are explicitly nonabsolutist in their views of the nature of knowledge.
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Developmenstipulateghat learningalwaysoccurson two planes:first on
the inter-psychologicaland only later on the intra-psychologica(Wertsch,
1985).As a mechanisnfor learningon the inter-psychologicaplane,Vygot-
sky hypothesizedhe existenceof a constructthat hetermedthe zoneof
proximal developmen(Vygotsky, 1978). This zonerepresentshe enhanced
capabilitiesof a learnemworking in the presencef a moreskilled coworker
or teacher.

The cultural-historicalapproachto learningdevelopedby Vygotsky fo-
cusedargely on the role of languagen intellectualdevelopmen{Brushlin-
sky, 1990).A relatedschool,representeanost prominentlyby the Russian
researcherkeont’ev (1974), Galperin(1992), and RubensteinBrushlinsky,
1989),focusedits attentionon the role of activity in humandevelopment.”
Onearticulationof the so-calledActivity Theory, attributedto Rubenstein
(Brushlinsky,1990), assertshat “The subjectnotonly revealsand manifests
himself in his actionsandin the actsof his independentreativeactivity:
heis createdand definedin them. That is why the things he doescan be
usedto determineand mould his character~'(p. 67). Activity Theorytakes,
as its unit of analysis,humangoal-directedactivity in its cultural context
(Leont’ev, 1974). It focuses,therefore,on signs, symbols,rules, methods,
instruments,and otherartifactsthat serveto mediatethis activity.

Vygotsky's cultural-historicalpsychologyandthe work of the laterActiv-
ity Theorists hassubsequentlyevelopeda following both in educational
researci{Forman& Cazden,1985; Griffin & Cole, 1987, Newman, Griffin, &

Cole, 1989) and in the specializedareaof computersciencedealing with
human/computeinteraction(Kuuti, 1996).

Theories of Situated Cognition

The term situated, as in “situated learning” or “situated cognition,” has
assumeda variety of meaningsn different disciplinarycontexts.lt refersto
aspecifictheoryin linguisticsandphilosophyof languagdBarwise & Perry,
1983), a reaction in the Al community to symbolic modelsof cognition
(Clancey 1993;Winograd& Flores, 1986),a programof studyin anthropology
(Suchman, 1987), and a way of reconceptualizingeducationalpractice
(Brown, Collins, & Duguid, 1989; Greeno,1989; Lave & Wenger, 1991). It is
the latter two senseghat concernus mostdirectly here.In theoriesof
situateccognition, learnings viewedas a processf entryinto acommunity

“The Russian dyeyafyetnost iscommonly translated into English as “activity.” Many Russian
scholars, however, are not completely comfortable with this translation. German has two words,
Aktivitatand Totigkeit, that both translate to“activity.” The latteris composed from the adjective
twig, meaning busy or engaged. It is used in expressions such asin Tatigheit setzen, meaning
to engage or put into action. Consequently, this term comes closer to capturing the meaning
of the Russian dyeyatyetnost than the usual English translation.
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of practice towit: “To learnto usetoolsaspractitioneraisethem astudent,
like an apprentice,must enterthat community andits culture. Thus in a
significantway, learningis, we believe,a proces®f enculturation”(Brown,

Collins, & Duguid, 1989, p. 33). Within this perspective the context(both

socialandmaterial)within which learningoccurscomesundercarefulscru-
tiny, arisingfrom aview “that agent,activity, andthe world mutually con-
stitute eachother” (Lave & Wenger, 1991, p. 33).

Taken togetherthese perspectives—sociatonstructivism, Soviet so-
cioculturaltheoriesandsituatedcognition—providetheintellectualheritage
from which CSCL hasemergedas a new paradigmfor researchn instruc-
tionaltechnology Althoughthey arisewithin different disciplinesandutilize
different metaphorsof social procesqGeertz, 1980), they all representa
gestalt-like shift in point of referencerelative to the views takenby the
paradigmsdescribedpreviously. Thisshift in point of referenceleadingto
a foregroundingof the socialand cultural context as the object of study,
producesanincommensurabilityn theoryand practicerelativeto the para-
digmsthat havecomebefore.

Themodelof instructionunderlyingworkin CSCLis termed‘collaborative
learning.” Althoughit is easyto recognizeexample®f collaborativdearning,
it is difficult to provide a precisedefinition. Bruffee (1993)describedt as“a
reculturativeprocesghat helps studentsbecomemembersof knowledge
communitiesvhosecommonpropertyis differentfromthe commonproperty
of the knowledgeecommunitieghey alreadybelongto” (p. 3). Thisdefinition,
focusingon what collaborativelearningis meantto accomplish resonates
withthe view of learningas entryinto acommunityof practice.Onthe other
hand,Roschelleand Behrend1995) describedt as “the mutualengagement
of participantsin a coordinatedeffort to solve [a] problemtogether”(p. 70).
Thislatter definition highlights severalfacetsof the method:a commitment
to learningthroughdoing, the engagementf learnersn the cooperativgas
opposedocompetitive)pursuitof knowledge thetransitioningof theinstruc-
tor’s role from authority andchief sourceof information to facilitator and
resourceguide EXampleT! eolARRrAYKRIS AR FRASIIR HIS RS-
ing (%erows,rl%% Barrows& Tamblyn, 1980; KoschmannKelson,Feltovich,
& Barrows chapte#, this volume) Project-Based. earning(Blumenfeldetal.,
1991; Soloway,Krajcik, Blumenfeld,& Marx, chapter 11, this volume), and
otherformsof small-grougearning(Noddings,1989;Webb, 1982).

Over time, interesthasgrown in the questionof how technology might
serveto supportcollaborativemethod=f instruction(Crook, 1994; Kosch-
mann,1994a).Therehavebeenanumberofsignificanteventsgermandothe
emergenceof this areaof work as a new paradigmin IT. A preliminary

——zA-methodutitized in a New American Schools Development Corporation (NASDC) project
undertaken by Outward Bound.
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exploratiorof theissuegngenderedy theuseof technologyin collaborative
educationtookplacein 1983at theConferenceon JointProblemSolvingand
Microcomputersheld at the Laboratoryof ComparativeHuman Cognition
(LCHC; Cole, Miyake, & Newman,1983).A later workshop,conductedunder
theauspicesftheNATO SpeciaProgranmon Advancededucationallechnol-
ogy, was held in Acquafreddadi Maratea, Italy in 1989 (O’Malley, 1995).
Becausehis wasthe first gatheringto adoptthe title “computer-supported
collaborativdearning,” havechoserthis evento markthe emergencef the
paradigm.Subsequen€SCL workshopswere held, onein 1991 at Southern
lllinois University (Koschmann,1992) and anotherat Ontario Institute for
Studiesin EducationOISE)in 1992 (KoschmannNewmanWoodruff, Pea&
Rowley, 1993). Thefirst internationalconferenceon this topic took placeat
the University of Indianain the fall of 1995(Schnase& Cunnius,1995) anda
follow-up is plannedfor 1997at the University of Toronto.

As reflectedin the chapterf thisvolume, CSCL applicationsassumea
variety of forms. They can be categorizedon a numberof dimensions,
including the locus of use,how the useis coordinatedin time, and the
instructional role it was designedo serve.Though the majority of CSCL
applicationsare designedfor studentuse,thereis also a needfor tools to
supportteachergngagedn collaborativeforms of instruction(seechapter
11, chapter5). The locus of use may be intra-, inter-, or extra-classroom
(Koschmann& O’'Malley, 1994). Applications have beendesignedfor use
within the classroom(chapter9, chapters, this volume),to connectusers
acrossclassroomgchapter8),and in somecasesto createvirtual class-
rooms” (Hiltz, 1988).Usersof anapplicationmaycoordinateheir interaction
synchronously(e.g.,chatprograms)or asynchronouslye.g., e-mail).CSCL
applicationsmay servea numberof roles.Technology,for example,canbe
usedto presentor simulatea problem for study, helping to situateit in a
real-world context (e.g., chapter4, this volume). Alternatively, computers
can be used to mediate communicationwithin (chapter6), and across
classroomgchapter8, chapter5) or to introducenew resourcesnto the
classroom(chapter7). Computerscanalsoprovide archival storagefor the
productsof groupwork, therebysupporting*knowledgebuilding” (chapter
10). Finally, computerscansupportthe creationof representationgbrmal-
isms that enable learnersto model their sharedunderstandingof new
conceptde.g., the EnvisioningMachinedescribedn chapter9).

Unlike thetypesof issuedi.e., instructionalefficacy,instructionalcompe-
tence,instructional transfer)underlyingthe paradigmsdescribedearlier.
researchin CSCL is concernedwith questionssuch as how is learning
reflectedn thelanguageof learnerqchapter9)?Howdo socialfactorsenter
into the proces®f learning(chapter3)? How is technologyactuallyusedin
collaborativesettings(chapter6)? Stateddifferently, the central focus for
researchin CSCL is on instruction as enactedpractice. Consistentwith the
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socloculturaloutlookof its practitioners researclin CSCLtendsto utilize the
researcmethodsfthe socialsciencegfor moreon this seechapter7, this
volume). Although the paradigmis still very muchin its formative stages,
severatommentgzanbemadeconcerninghegeneralanalyticframeworkof
researchn this areaFirst, driven by the typesof researchquestionseing
askedwork in CSCLtendsto focuson processatherthanoutcome Second,
thereis a central concernwith grounding theoriesin observationadata
(Glaser& Strauss,1967)andin the constructiorof thick descriptiongGuba&
Lincoln, 1981)ofthephenomenainderstudy.As aconsequenc&SCLstudies
tendto bedescriptiveratherthan experimentalA third andfinal aspecbf
this emergingbody of researchis that thereis an expressednterestin
understandinghe processfrom a participant'sviewpoint. As argued by
JordamandHendersor{1995), learningcanbestbe understoodas a distrib-
uted,ongoingsocialprocesswhereevidencehatlearningisoccurringorhas
occurredmustbe foundin understandinghe waysin which peoplecollabo-
ratively do learningand do recognizinglearningas having occurred” (p. 42,
italics added).CSCL researchfocuses,therefore,on participants’talk, the
artifactsthat supportandare producedy ateamof learnersandthe partici-
pants’own account®f their work. Therearea small butgrowing numberof
studieghatfit this description(cf. chapte®, thisvolume;Glenn,Koschmann,
& Conlee,1995;Griffin, Belyaeva,& Soldatova,1992;Roth,in press).

It should be acknowledgedhat while all of the chaptersn this book
describework at the confluenceof technologyandclassrooncollaboration,
not all necessarilyespouse socialtheoryof learning,nor do theyall speak
to the researchissueof instructionas enactedpractice.Althoughthis may
appearproblematiaqyiven the descriptionof the paradigmprovidedhere,|
think thereare a numberof waysof accountingfor this discrepancyOne
possibility, for example,is that someof the currentresearcherg thearea
continueto beinfluencedin theirwork by past paradigmsthat is, thatthey
currently existwith a foot in bothworlds. This seemsquite plausible given
therelativenewnes®f the paradigmAnotherpossibilityis thattheremaybe
morethanoneparadignemergingwithacommitmento collaborativeforms
of instruction.n additionto the paradigmdescribechere theremaybeone
or more other paradigmswith a morecognitiveorientation.lt is difficult to
know for sure. In the end, it is always easierto provide an account of
paradigmgpastthanit is todescribeaparadigmin the proces®f becoming.

LOOKING INTO THE FUTURE:
HEGEL VERSUS KUHN

The four paradigmadescribedn the chapterare summarizedn Tablel.1.
No clalmis madethat this list is necessarilyexhaustive.Indeedit is recog-
nizedthat thereare examplesof IT researchthat do not fit within any of
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the paradigmsdescribed.Someof thiswork may be anomalousand does
not subscribeo anyparticularparadigm,butthe pointis readilyconceded
thatt?ereprobablyeX|stadd|t|onaI paradigmshat havenotbeendiscussed

'?heanalyssofferedm this chapterprovidesanew schemefor catego-
rizing work in IT. Therehavebeennumerouspastattemptsto createtax-
onomiesbasedon the role that the applicationwas designedo play in the
instructionalsetting(Soloway,1993; Taylor, 1980; Wu, 1993).Taylor’s (1980)
typologyof tutor, tutee,andtool is probablythe bestknown andis onethat
has beenadoptedby a numberof other authors(Crook, 1994; Dreyfus &
Dreyfus, 1986; O'Shea& Self, 1983). It appeardo haveseveralweaknesses,
however By focusingexclusivelyon the functionalnatureof the application,
opportunitiesto considerother aspectof the work—suchasthe theories
of learningthat motivatedit in the first place—aremissed.Secondpy trying
to reducethe diverseset of IT applicationsinto just threecategories,con-
siderableresolutionis lost. Although moreelaborataypologieshavebeen
proposede.g., Wu, 1993),it is not clearthat this is the bestdirectionto be
taken.By focusingexclusivelyon descriptiveaspectf the applicationwe
lose the ability to discernlarger shiftsin philosophy and practice.By con-
trast, applying a Kuhnian analysisencourages broaderview of practice,
one that encompassesanderlying theoriesand methodsof researchand
argumentation.

Various authorshave made attemptsto divine the direction that IT
researchmight take in the future. In many casesthis is donein the form
of adialecticalanalysisThis method,developedy the NineteentiCentury
philosopherHegel, is basedon the theory that our understandingof a
conceptproceedghrougha three-panprocessof clarification—athesisis
opposedby its antithesisandis eventuallysupplantechy a new synthesis
(Koschmann,1994b).Forexample,Larkin and Chabay(1992) and Duffy and
Jonassefi1992)contrastedvork in the CA! andITS traditionsin theinterest
of identifying possibledirectionsfor futurework. Derry and Laiole (1993)
focusedon the contrastbetweenITS andconstructivist-motivatedesearch
and argued that future work would representa synthesisof thesetwo
approachesMost recently, Cobb(1994), Crook (1994), and Steffeand Gale

—tkUne candidatethat comes immediately to mind is research related to ‘CSCWriting”

(Gruber, Bruce, & Peyton, 1995). There is a substantial body of work devoted to the use of
computers in composition (see the Neuwirth and Wojahn chapter for references) that is largely
invisible to the IT community because it is embedded in the literature of writing instruction.
The question of whether CSCWriting should be viewed as a special disciplinary interest within
CSCL or as a paradigm in its own right does not have a clear answer at this point. What is
clear, however, is that the two movements share many issues and that there is much that
researchers in CSCL could learn from the accumulated experience of the composition
community.
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(1995) havecontrastedconstructivistand socioculturalviewsof learningin
the hopesof achievingsomeform of reconciliation.

The historiographiaccountpresentedn this chaptemakesthis dialec-
tical approachproblematic, however. In no casedid a newly emerging
paradigmappearto be the synthesiof ideasdrawn from previous para-
digms.The ITS paradigmwas lessan adaptationof prior work in CAl re-
searchthan aninvasionof a newgroup of workersbringingwith them new
standarddor designand evaluation.Similarly, the Logo-as-Latinparadigm
was not presagedby the CAl or ITS paradigm;it representedan entirely
different philosophyaboutthe useof technologyin education Finally, the
emergencef the CSCL paradigmcould havebeenin no way predicted by
the clashof constructivistand information processingheoriesof learning.

Ironically, the ultimatelessonof this form of analysisis that the revolu-
tionarychangeghat Kuhn describedas paradigmshiftsarealwaysdifficult
to foreseeand, in particular,cannotbe adducedfrom the studyof past
history. The ideasthat haveshapedworkin IT have,in general,comefrom
outsidethe field. As a result,the task of identifying the sourcesof future
shifts is a difficult one.Kuhn, himself, despairedat the prospectof ever
providing a completeaccount of how a field-defining, revolutionaryidea
comesto exist. He lamented;What the natureof that final stageis—howan
individual invents (or finds he has invented)a new way of giving orderto
datanow all assembled—mudtereremaininscrutableand may be perma-
nently so” (1972,p. 90). And soit may be for our own effortsto foretell the
futuredirectionof researchn instructionaltechnology.
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