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Abstract

Despiteall thehypearoundthedreamof aglobalsociety, thebordersof theworld have

not disappeared.Rather, they have sharpenedandchangedtheir form from geograph-

ical to digital frontiers. The prevailing westernnessof ComputerScienceis a major

problemwith theComputerScienceeducationin developingcountries.Thestudents

notonly faceanew subject,but alsoafundamentallydifferentphilosophyandproblem

solvingmethods.In this thesis,I shallpresenta new memberto the family of ethno-

sciences:ethnocomputing.Ethnocomputingchallengestheprevailing wayof thinking

thatin orderto keepupwith theWest,othercultureshaveto adaptto thewesternways

of thinking. Relying on constructivist theories,I arguethat the universaltheoriesof

computingtake different forms in differentcultures,andthat the Europeanview on

abstractideasof computingis culturally bound,too. Studyingethnocomputing— i.e.

thecomputationalideaswithin a culture— mayleadto new findingsthatcanbeused

in bothdevelopingthe westernview of ComputerScience,andimproving Computer

Scienceeducationin non-westerncultures.

ACM-classes(ACM ComputingClassificationSystem,1998version): K.3.2, K.4.0,

K.4.1
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1 Intr oduction

Throughoutthe history, peoplehave explored other culturesand sharedthe knowl-

edgeoftenhiddenbehindtraditions,practicesandcustoms.This exchangeof cultural

capitalhasenrichedandequalizedthecultures,includingthewesternculture.For ex-

ample,the Greekfoundationsof Europeancivilization arethemselvesfoundedupon

BlackEgyptiancivilization (Powell & Frankenstein,1997).Yetnowadaysthereexists

awidespreadconsensusof thesupremacy of westernlogic. In ComputerScience,like

in many otheracademicdisciplines,mostof the literature,problemsolvingmethods,

andteachingmaterialarebasedon the traditionsof sciencewritten by white western

males. The examplesusedin teachingalmostwithout exceptionderive from North

AmericanandEuropeancultures,andtheproblemsolvingmethodsrely on theEuro-

peanview on Mathematics.This causesproblemsin ComputerScienceeducationin

non-westerncultures.If it canbeshown thatcultureandsocietyconsiderablyaffectthe

way we understandtheconceptsof ComputerScience,it meansthatwe arecurrently

leaving outasignificantamountof knowledgein its culturalforms.

The Internetenablesthe expandingfamiliarity with the rich diversity of the human-

ity. Thoughmany peoplebelieve thatthis possibilitywill yield a pan-humanempathy

andrenderthebordersandnationsinto obsoleteartifactsof a less-informedage,there

is little in humanhistory that supportsthis (Townsend& Bennett,2001). Insteadof

blurring the borders,the marchof informationsocietyhasactuallysharpenedthem

(Heikka,2002).Continentsandcitieshave only beenreorganizedon thedigital basis.

Fightingthedigital divide1 is for thegoodof boththedevelopedanddevelopingcoun-

tries (ibid.). With its limited marketsandlimited intellectualandmaterialpotential,

theWestwill sooncometo a dead-endin developingtechnology(ibid.). Theprogress

of digital developmentin developingcountriescouldopennew economicmarketsfor

bothsides,benefitingbothsides.

In this thesis,I shall presentargumentsto justify theneedfor a field of researchthat

studiesthe phenomenaand applicationsof computingin different cultural settings.

This kind of cultural perspective in the problemsolving methods,conceptualcate-

1In this thesis,I usethe term digital divide as the division of peopleto thosewho createdigital

technology, andto thosewho useit. This definition is important,for the usersaretotally dependent

on thecreators’decisionson how to governthe technology, andarethusat themercy of them. In my

opinion,thedigital dividecanbeseenalsowithin nations,notonly betweenthem.
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gories,structuresandmodelsusedin representingdataorothercomputationalpractices

is from now on referredto asethnocomputing. My interestis not historicalby nature

— I am not interestedin how contemporarysciencehasbeenestablished.Rather, I

will try to presenthow my view on understandingthe foundationsof ComputerSci-

encediffers from thetraditionalonethatconsidersthosefoundationsasconstantand

applicableeverywhereassuch.

My intentionis to make this thesisreadablefor asmany peopleaspossibleindepen-

dently of discipline,so I have tried to elucidatethe text with a numberof notesand

footnotes.Somefamiliarity with ComputerScienceasa disciplineaswell aswith the

basicparadigmsof scientificresearchis still requiredfrom thereader, sinceI will not

haveachanceto analyzethosemattersverydeeply. Thereadershouldalsosustaincrit-

icality towardsmy attemptto synthesizeor move betweenparadigms.I have chosen

thisapproachdueto thefactthatnoneof thebasicparadigmsaregoodassuch,andso

I havedecidedto usesuitablepointsfrom afew of them.I shallleavetheparadigmatic

discussionto beexaminedlater.

Thisthesistakesthreedifferentperspectivesin ethnocomputing.First,ethnocomputing

is seenfrom aconstructivist angle,second,from amulticulturalisteducationalpointof

view, andthird, asa memberof thefamily of ethnosciences.Thesecondchapter, The

SocialConstructionof Reality, dealswith thetheoreticalframework for thisstudy, and

outlineshow theconstructivist paradigmhasbeenusedin thisthesis.Theworksof Pe-

terBergerandThomasLuckmann( TheSocialConstructionof Reality), ThomasKuhn

(TheStructure of ScientificRevolutions), andLev Vygotsky (ThoughtandLanguage)

areemphasizedin chaptertwo.

The third chapter, Ethnocomputingin Relationto Culturally SensitiveLearning, in-

troducessomebackgroundfor multicultural education,followed with an analysisof

different views towardsit. JamesA. Banks’ views are broughtout frequently, but

Banksis indeedregularlyquotedin many of thestudiesonmulticulturaleducation.In

thethird chapterI shalltry to addresstheissueof ethnicallyfair educationin Computer

Science.

Chapterfour, Ethnosciences, discussesthebackgroundof ethnosciencesandcriticism

towardsthem,andexplainsthechoicesthat I have madein definingethnocomputing.

Theworksof UbiratanD’AmbrosioandMarciaandRobertAscherhaveinfluencedthe

fourthchapterthemost.Sinceultimatelymyaspirationis to legitimateethnocomputing
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asa memberof the family of ethnosciences,I will try to setup a framework for my

futurework on thesubject.

The fifth chapter, Ethnocomputing, binds the topics of the earlier chapterstogether

with thecontemporaryview on computing,claimingthatthereis a needfor a cultural

view on computationalconcepts.In chapterfive, I alsopresentmy view on the rela-

tionshipbetweenuniversalandparticularcomputinganddefinehow ethnocomputing

canbeseenaslocalvariationsof auniversaltheory. Finally, in chapterfive,I presenta

few examplesthat I regardasethnocomputing.Whenjustifying theneedfor a cultur-

ally boundview oncomputing,my sourcesvary from classics(Kuhn,1962;Berger&

Luckmann,1966)to populararticles(Heikka,2002),from theoryof computing(Lewis

& Papadimitriou,1998)to multiculturaleducation(Banks,1999),andfrom compro-

mises(ACM, 2001)to extremeradicalism(Hodgkin,1976).I donot think thisvariety

posesa problem,sinceI seethis thesisasa groundsurvey for my futurework, andit

wouldbeshortsightedto restricttheview too muchat thispoint.

I shall arguethat recognizingcultural differencesin ComputerSciencewould reveal

new perspectiveson the scientificquestions.Researchof culturally boundcomputa-

tional ideascouldaddresstheproblemof ComputerScienceeducationin non-western

countriesby bringing the local cultural aspectsinto teaching.The samelocal views

could be usedalso in global collaboration,possiblywideningotherviews on Com-

puterScience,too. This kind of a new view is neededin ComputerScience,not only

becauseComputerScienceis a major factor in broadeningthe digital divide, andan

ethnicallyfairerview couldhelpto bridgethegap,but alsobecausethenew view could

helpin promotingnovel intellectual,innovativeideasin ComputerScience,deepening

andwideningalsothewesternunderstandingof thetheoryof computing.
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2 The SocialConstruction of Reality

My view on theepistemologyof computingowesgreatlyto PeterBergerandThomas

Luckmann’s (1966)work with thesociologyof knowledge.Throughoutthis thesis,I

shall try to bring out the dynamicsthat arisesfrom the dialectic2 natureBerger and

Luckmann’s theorydepicts.Accordingto this theory, societyis seenasahumanprod-

uct, andpeoplearecorrespondinglya productof a society. ThoughI will try to avoid

usingambiguousparadigmaticterminology3 , in thischapterit cannotfully beavoided.

This chapterintroducesconstructivism, thesociologyof knowledgeandthetheoryof

the socialconstructionof reality, andtheir view on how languageandcultureshape

ourwayof parsinginformation,understandingtheworld, comprehendinginformation

et cetera.This theoreticalframework is usedlater in this thesisto describethe ways

societyandculturedetermineshow ComputerScienceis interpreted.

2.1 Constructivism

Fromthedawn of thehistoryof westernphilosophy, thenatureof knowledgehasbeen

debated.Accordingto EsaSaarinen(1985),Platodividedtheworld into two realities

apartfrom eachother:onephenomenalandoneabsoluteandeternal.Plato’s ideawas

that the phenomenalforms areonly imperfectreflectionsof the eternalandabsolute

ones(ibid.). Aristotle agreedwith this, but claimedthat theindividualsreachtheuni-

versalsin particulars,andthusheconcentratedon processesratherthanideas(ibid.).

NormanDenzinandYvonnaLincoln (1994)write that duringcenturies,theanswers

to questionssuchas "what is real?", "what is the relationshipbetweenthe inquirer

andtheknown?", and"how dowegainknowledgeof theworld?" havedevelopedinto

differingschoolsthatunderlietheresearchof thescientists.Thesearecalledontolog-

ical, epistemological, andmethodological questions,respectively (ibid.). Thechoice

of whatschoolto follow leadsto a choiceof a setof valuesin sciencealso. "Thereis
2RatherthanrelyingonHegel’sideaof dialecticsasthesis-antithesis-synthesis,in thisthesisdialectic

processis understoodasa courseof changethroughtheconflict of opposingforces,which is closerto

thecritical-MarxianideathanHegel’s theory(Guba& Lincoln, 1994).
3For example,DenzinandLincoln (1994),Schwandt(1994)andHeiskala(2000)all agreethat the

terminologyin somesociologicalfieldshasnot yet beenfully established.Theterrainof constructivist

approachesis marked by multiple usesof the term constructivism(Schwandt,1994). Also the term

socialconstructivismseemsalmostto havea life of its own (Heiskala,2000).
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no value-freescience",DenzinandLincoln state.Theclaim of many naturalscience

researchersthattheir scienceis value-freeis in itself a valuestatement— a positivist4

one,to beexact.

ThomasSchwandt (1994) presentsthe constructivist paradigmexplaining that con-

structivistsbelievethatto understandthis"world of meaning"onemustinterpretit. He

continuesthatconstructivistsseethataninquirerof thephenomenaof theworld must

elucidatethe processof meaningconstruction.Moreover, the inquirer hasto clarify

what meaningsareembodiedin the languageandactionsof socialactors,andhow

they are embodied. Constructivists, Schwandt claims,are deeplycommittedto the

view accordingto which whatwe take to beobjective knowledgeandtruth is a result

of perspective. They areprincipally concernedwith mattersof knowing andbeing,

not methodologyper se— in constructivists’ opinion, knowledgeandtruth arecre-

ated,not discoveredby themind (ibid.). Simplified,theobserver actuallycreatesthe

knowledge.

Theconstructivist view ontheworld is pluralistic in thesensethatrealityis expressible

with a varietyof symbolandlanguagesystems,andplastic in thesensethatreality is

stretchedandshapedto fit purposefulactsof intentionalhumanagents(ibid.). In other

words,constructivistsbelievethatrealitymanifeststo peoplein differentformsthatare

constructedto meetthehumanneeds.

Schwandt’s (1994)notion that in a sensewe areall constructivists if we believe that

themind is active in theconstructionof knowledgeis not widely disputed.Mostof us

wouldagreethatknowing is not passive— a simpleimprintingof sensorydataon the

mind — but active; themind doessomethingwith theseimpressions,at thevery least

it forms abstractionsandconcepts,Schwandtnotes. In this sense,Schwandtwrites,

constructivism meansthathumanbeingsdo not find or discover knowledgesomuch

asthey constructor make it. Headdsthatwe inventconcepts,models,andschemesto

makesenseof experiencesand,further, wecontinuallytestandmodify theseconstruc-

tionsin thelight of new experience.Also AnnemarieSullivanPalincsar(1998)writes

that virtually all cognitive sciencetheoriesentail someform of constructivism to the

4Positivism meansherea paradigmin which anapprehendablereality is assumedto exist, andthe

reality is drivenby immutablenaturallaws andmechanisms.In the positivist paradigm,researchcan

convergeon the"true" stateof affairs.Theinvestigatorandtheobjectof investigationarethoughtto be

separateentities,andthe investigatoris capableof studyingtheobjectwithout influencingit, or being

influencedby it (Guba& Lincoln, 1994).
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extent thatcognitive structuresaretypically viewedasindividually constructedin the

processof interpretingexperiencesin particularcontexts.

GubaandLincoln (1994)statethat theconstructivist paradigmassumesrelativiston-

tology. In relativist ontology, they continue,realitiesareapprehendablein theform of

multiple, intangiblementalconstructions.Therealitiesaresociallyandexperientally

based.Thattherealitiesarelocal andspecificby naturedoesnot imply thatelements

couldnot besharedamongmany individualsor evenacrossthecultures(ibid.) — we

will cometo this in 2.2. DenzinandLincoln (1994)statethattheconstructivist episte-

mologyis subjectivist andtransactional;i.e. knower andwhatsheor heknowscreate

understandingsin theprocessof the investigation.This notionof constructivist epis-

temologyis usedlater in the definingof the conceptof ethnocomputingasrelativist,

culturallyboundanddialecticalby nature.

Whenpresentingcritiqueof constructivism,Schwandt(1994)raisesthequestionof the

constructivists’ bid to arguefrom a psychologicalclaim to anepistemologicalconclu-

sion.Thatis, theconstructivistsclaimthattheprocessof knowledgedoesnotapplyto

a real, independentworld, but only to our own constructingprocesses.Thedifficulty

hereis how to accountfor the factsthat firstly, knowledgesometimestakesthe form

of theoreticalproduction;secondly, knowledgeis somehow availableto individuals;

andthirdly, knowledgeis oftensharedandtransmitted(ibid.). In otherwords,how can

knowledgethatdoesnotexist anywhereelsethanin theindividual’smindbesharedor

inferred?WithoutBergerandLuckmann’s(1966)work with thesocialconstructivism,

theconstructivist paradigmwouldbetoo impracticalfor this thesis.

2.2 Sociologyof Knowledge

PeterBergerandThomasLuckmann’s theoryof socialconstructionof knowledge re-

spondsto Schwandt’s (1994)criticism, but the tensionbetweenclaiming thatknowl-

edgeis thepropertyof individual mindsandtheview thatknowledgecanbepublicly

shared,is still evident(ibid.). In general,insteadof focusingon thematterof individ-

ualmindsandcognitiveprocesses,socialconstructiviststurntheirattentionoutwardto

theworld of inter-subjectively sharedsocialconstructionsof meaningandknowledge

(Denzin& Lincoln, 1994). In short,socialconstructivists areinterestedin language

andothersocialprocessesthatgeneratemeaningandknowledge.
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Aittola andPirttilä (1986)note that it is often thoughtthat it wasMax Schelerwho

solidifiedsociologyof knowledgeasanindependentdiscipline.Scheler— Aittola and

Pirttilä write — establishedthe searchof interest-freeideologicalknowledgeas the

main taskof sociologyof knowledge. Berger andLuckmann(1966),on their part,

introducetheproblemof sociologyof knowledgewith allegoriesto anaverageperson

in thestreet,a philosopheranda sociologist.They statethat theaveragepersondoes

not ordinarily becometroubledaboutwhat is real to her or him or aboutwhat he or

sheknows,but takesheror his reality andknowledgefor granted.For example,heor

shemight think thatthey possessfreedomof will. Thephilosopher, on theotherhand,

is professionallyobligatednot to take anything for granted,and to obtain maximal

clarity asto the ultimatestatusof what the personin the streetbelievesto be "real-

ity" or "knowledge". The philosopherhasto askquestionslike "what is freedom?",

"is manfree?"or " "how canoneknowthesethings?"(ibid.). Thesociologist,Berger

andLuckmannstate,is in no positionto supplyanswersfor thesequestions.How-

ever, the sociologisthasto askwhetherthe differencebetweenthe two "realities"of

thecommonpersonandthephilosophermaynot beunderstoodin relationto various

differencesbetweentheir two societies.Hence,thesociologistwill needto askhow it

is thatthenotionof "freedom"hascometo betakenfor grantedin onesocietyandnot

in another, how the"reality" of this notion is maintainedin theonesocietyandhow,

evenmoreinterestingly, this "reality" mayonceagainbelost to anindividualor to an

entirecollectivity. Whatis "real" to aTibetanmonkmaynotbe"real" for anAmerican

businessman(ibid.). Thesociologyof knowledgewill have to dealwith boththeem-

pirical varietyof knowledgein humansocieties,andtheprocessesthroughwhich any

bodyof knowledgecomesto besociallyestablishedas"reality" (ibid.).

AccordingtoAittola andPirttilä (1986),themostcentralprocessesin BergerandLuck-

mann’sview onthesocialconstructionof realityareexternalization, objectivation, and

internalization. In externalization,Pirkkoliisa Ahponen(2000)clarifies,anactive in-

dividual createsthe societywith heror his contribution. Objectivation is the process

wheretheorderof everydaylife comesto beunderstoodasever-existing (ibid.). Ah-

ponenstatesthatthemostimportantelementsof objectivationarecomprehensionand

attachinglinguisticmeaning.Internalizationor socialization,shecontinues,is thepro-

cessin which individualsadoptthe social reality, that they experience,asobjective.

Finally, reificationis theprocessin which theinternalizedhumanproductionsareun-

derstoodasif they weresomethingotherthanhumanproduct(ibid.) (Figure1). Ahpo-

nen(2000)writesthatexternalizationoccursin theprocesseswhereoneis confronted
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with anew socialsituationandwhereheor sheestablishesapersonalrelationshipwith

thesituation.As anexampleshementionsmeetingnew friendsor startinga new job.

Shecontinuesthaton theotherhand,externalizationis alsoa partof thoseprocesses

thatensuretheinstitutionalcontinuityof socialrelationships:maintainingfriendships,

everydayworking,or payingincometax.

EverydayEveryday
eventevent

SocialSocial
realityreality

ObjectiveObjective
realityreality

InternalizationInternalization

ObjectivationObjectivation
ExternalizationExternalization

ReificationReification

IndividualIndividual

Figure1: Processesof thesocialconstructionof reality.

BergerandLuckmann(1966)specifythat it is importantto keepin mind that theob-

jectivity of the institutionalworld, however massive it may appearto the individual,

is a humanlyproduced,constructedobjectivity. They emphasizethat therelationship

betweenman, the producer, and the socialworld, his product,is and remainsa di-

alecticalone. That is, thecollectivities andthesocialworld interactwith eachother,

continuouslyreshapingeachother. Externalizationandobjectivationaremomentsin

this continuingdialecticalprocess(ibid.). In summary, theexternalizedexperiences5

attainthecharacterof objectivity throughtheobjectivationprocess(ibid.). The third

process,internalization,fixatestheobjectivatedsocialworld into consciousnessin the

courseof socialization(ibid.). Berger andLuckmannnotethat herewe clearlyseea

paradox:manis capableof producinga world thathethenexperiencesassomething

other thana humanproduct! Aittola andPirttilä (1986)summarizethat the society

andthewholesocialreality in BergerandLuckmann’s theorycanbeseenasa dialect

betweenobjectiveandsubjective,wherepeoplecontinuouslyrecreaterealitywith their

work andactions.

RistoHeiskala(2000)statesthatwhenBerger andLuckmann’s theoryof socialcon-

structivismwaspublished,thetermsocialconstructivismwasrapidlyextendedtocover

5Externalizedexperiencesareananthropologicalnecessity;humanbeingsmustongoinglyexternal-

ize themselvesin activity (Berger& Luckmann,1966).
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muchmoretopicsthanBerger andLuckmannhadintendedto. Heiskalaalsoclaims

thateventhoughBergerandLuckmannconsidertheir theoryto concentrateonsociol-

ogy of knowledge,they definesociologyof knowledgequiteextensively. This study

usesonly a restrictedsetof whatis thoughtto belongto thefield of research,asetthat

is definedlaterin thischapter.

Heiskala(2000)questionsBerger andLuckmann’s ideaof first presumingthat indi-

vidualmindsarticulatemeaning,andonly afterthatexaminingthestructuresthathave

detachedfrom intentionalconsciences.Heiskalanotesthatin thesamemanner, or even

morerealistically, it couldbeassumedthat the individual consciencesareformedby

somegreaterstructures.The individual mindswould thennever have the chanceto

form a comprehensiveconceptionof thestructuresthatcontrolthem(ibid.). Ahponen

(2000)writesthatin BergerandLuckmann’s theoryface-to-faceinteractionis consid-

eredtherealinteraction,andthatall theotherformsof interactionarederivativesof the

face-to-facesituation.Heiskala(2000)pointsout thatespeciallyin a masscommuni-

cationsocietyit is unclearwhetherit is reasonableto assumeface-to-faceinteractionto

betheprototypeof meaninginterpretation.HealsostatesthattheFrenchculturalanal-

ysistakesa critical positiontowardsBergerandLuckmann’s premisethat thereexists

a dialecticalrelationshipbetweenthe objective andsubjective cultural realities. The

premisemightbewrongin thattheremightnotevenexist any relationshipbetweenthe

two realities.

2.3 SocialConstructionism in Educational Psychology

KennethGergen(1985) lists four assumptionsof socialconstructionismin psychol-

ogy6. First,hestatesthatwhatwetake to beexperienceof theworld, doesnot in itself

dictatethetermsby which theworld is understood.As BernardGuerin(1992)putsit,

our relationswith the world do not alwayscorrespondto theactualworld. Positivist

criticism hasraisedquestionssuchas"How can theoretical categoriesbe inducedor

derivedfrom observation,if the processof identifyingobservationalattributesitself

relieson one’s possessingcategories?"and"How can theoretical categoriesmapor

6KennethGergen(1985)holdsto the term "constructionism",noting that "constructivism" is also

usedin referringto thePiagetiantheory, to a form of perceptualtheory, andto a movementof the20th

centuryart. Gergen’s term is usedin this chapter, althoughtherewould not bea real risk of unclarity

with theterm"constructivism" either.
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reflecttheworld if each definitionusedto link categoryandobservationitself requires

a definition?"(Gergen,1985).Actually, Gergenstates,therearemany caseswhereob-

jectivecriteriafor identifying"behaviors", "events",or "entities"areshown to beeither

highly circumscribedby culture,history, or socialcontext, or altogethernonexistent.

Gergen’s secondassumptionis thatthetermsin which theworld is understoodareso-

cial artifacts,productsof thehistoricallysituatedinterchangesamongpeople.In other

words,the termswe have to explain theworld with arealsosocialproducts(Guerin,

1992).Gergenwritesthatconceptionsof psychologicalprocessdiffer markedly from

onecultureto another, andthey all invite us to considerthe socialorigins of taken-

for-grantedassumptionsaboutthe mind. For example,conceptsof "romanticlove",

"child", and"self" have undergoneseriouschangeduring history, andhave different

implicationsin differentcultures. Gergen’s first two assumptionsinvite oneto chal-

lengetheobjectivebasisof naturalsciences.

Thethird assumptionGergenmakesis thatthedegreeto whichagivenform of under-

standingprevailsor is sustainedacrosstimeis notfundamentallydependentontheem-

pirical validity of theperspectivein question,but onthevicissitudesof socialprocesses

(e.g.,communication,negotiation,conflict, rhetoric).Thatis, whethera knowledgeis

maintainedor not candependasmuchon socialexchangesason thenonsocialenvi-

ronment(Guerin,1992).Puttingthis ideainto thecontext of socialinteraction,Gergen

statesthat the rulesfor "what countsaswhat" areinherentlyambiguousandcontin-

uouslyevolving. For example,whetheran act is definedasenvy, flirtation, or anger

floatsonaseaof socialinterchange.As thesocialrelationshipschange,interpretations

changealso.

Gergen’s fourthassumptionis thattheformsof negotiatedunderstandingareof critical

significancein sociallife, asthey areintegrally connectedwith many otheractivities

in which peopleengage.Knowledgethat is constructedsociallycannotbeseparated

from othersociallife. As anexampleGergenmentionsthat theopening"Hello, how

areyou?" is typically accompaniedby a rangeof facialexpressions,bodily postures,

andmovementswithout which the expressionwould seemartificial. Altering these

expressionswould causeproblemssuchasmisunderstandingthemeaningof thesitu-

ation. Gergen’s last two assumptionsquestiontheruleswithin scientificcommunities

thatdeterminewhat is countedasfacts.Gergenstatesthatobservationof naturalsci-

entistshasshown thatwhat is passedas"hard fact" in the naturalsciences,typically

dependsonapotentarrayof socialmicroprocesses.
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IreneChen(2002)writes that therearetwo major strandsof the constructionistper-

spective in education: cognitive constructionismand social constructionism. She

writes that cognitive constructionismis basedon the work of Swissdevelopmental

psychologistJeanPiaget.Piaget’s theoryhastwo majorparts: an "agesandstages"-

part that predictswhat children can and cannotunderstandat different ages,and a

theoryof developmentthatdescribeshow childrendevelopcognitive abilities (ibid.).

Chenwrites that anothercognitive psychologist,Lev Vygotsky, sharedmany of Pi-

aget’s assumptionsof how children7 learn,but heplacedmoreemphasison thesocial

context of learning. In Vygotsky’s theoriesboth teachersandolder or moreexperi-

encedstudentsplayvery importantrolesin learning(ibid.). Chennotesthatthesetwo

perspectiveshave a lot in common,but that Vygotsky’s theoryhasmuchmoreroom

for anactive, involved teacher. Accordingto Vygotsky, culturegivesthestudentthe

cognitive toolsneededfor development.Trish Nicholl (1998)arguesin herarticleon

Lev Vygotsky thatof thepsychologicaltools thatmediateour thoughts,feelings,and

behavior, languageis themostimportant.Shecontinuesstatingthatcultureprovides

basicorientationsthat structurethe behavioral environmentof the self. It is through

languagethatwe constructreality: define,shapeandexperienceit (ibid.). Thesethe-

oriespresenta psychologicalangleon constructivism that is well in line with other

constructivist ideasI haveselectedfor this thesis.

Lev Vygotsky (1986)distinguishesconceptsinto two groups:scientificconceptsand

spontaneousconcepts.The formeronesaregainedthroughsystematicallyorganized

learningin aneducationalsetting,whereasthelatteremergefrom people’sown reflec-

tionsoneverydayexperience(ibid.). Vygotsky madethisapoint in orderto arguethat

scientificconcepts,far from beingassimilatedin a ready-madeform, actuallyundergo

substantialdevelopment,which essentiallydependson the existing level of people’s

generalability to comprehendconcepts.

Spontaneousconcepts,Vygotsky states,in workingtheirway"upward" towardgreater

abstractness,cleara path for scientificconceptsin their downward developmentto-

wardgreaterconcreteness(ibid.). As HarryDaniels(1996)putsit, theeveryday(spon-

taneous)conceptsareseento bring the embeddedrichnessand detailedpatternsof

significationof everydaythinking into thesystemandorganizedstructureof scientific

7ThoughVygotsky writesof children’slearning,theideasareapplicabletoadultlearningalso(Tharp

& Gallimore,1992).I assumethatPiaget’swork is alsoapplicableto adultlearning,andI shallhereafter

use"person"or "student"insteadof "child".
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concepts.As they mergewith everydayreferents,scientificconceptscometo life and

find a broadrangeof applications(ibid.). TharpandGallimore(1992,108)claim that

in a neo-Vygotskianinstructionalapproach,it is necessaryto ensurethatan interface

betweenthescientificconceptsandeverydayconceptsis provided. It is on that inter-

facethat thehighestorderof meaningis achieved(ibid.). This themecomesup again

laterin thisthesisin thecontextsof multiculturaleducationandproblemswith thelack

of discontinuitybetweenschoolsandhome.

In his influentialcollectionof essaysMind in Society, Lev Vygotsky (1978)makesan

argumentthat learningis not development.However, hesaysthatproperlyorganized

learningresultsin mentaldevelopment,andsetsin motiona varietyof developmental

processesthatwouldbeimpossibleapartfrom learning(ibid.). Learningis anecessary

anduniversalaspectof theprocessof developingculturallyorganized,specificallyhu-

man,psychologicalfunctions(ibid.). Learningawakensa varietyof internaldevelop-

mentalprocessesthatareableto operateonly whenapersonis interactingwith people

in hisenvironmentandis in cooperationwith hispeers(ibid., 90).

Fromthesocialconstructionistperspective,separatingtheindividualfrom socialinflu-

enceis not regardedaspossible(Palincsar, 1998).Thesocioculturalcontexts in which

teachingandlearningoccurareconsideredcritical to thelearningitself, andlearningis

viewedasculturallyandcontextually specific(ibid.). Furthermore,cognitionis notan-

alyzedasseparatefrom social,motivational,emotional,andidentityprocesses,andthe

studyof generalizationis studyof processesratherthanstudyof personalor situational

attributes(ibid.).

What unifiesdifferentpostmodernconstructionistperspectivesis the rejectionof the

view that the locusof knowledgeis in the individual; learningandunderstandingare

regardedas inherentlysocial; andcultural activities andtools (rangingfrom symbol

systemstoartifactsandto language)areregardedasintegraltoconceptualdevelopment

(Palincsar, 1998).Thissupportsstronglytheideaof culturallysensitivelearning,which

is connectedwith ethnocomputinglaterin this thesis.Fully developedconstructionism

couldalsofurnishameansfor understandingtheprocessof science(Gergen,1985).
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2.4 SocialConstruction of Science

Science,if anything,is popularlythoughtto besomesortof anextremeform of knowl-

edge,yetonly asmallfractionof peopleunderstandsthelanguageof science,or is able

to expresstheir thoughtsin a theoreticalform. Quite thecontraryto this understand-

ing of knowledge,BergerandLuckmann(1966)statethatthesociologyof knowledge

must concernitself with everythingthat passesfor "knowledge" in society. Berger

andLuckmanncontinuespecifyingthat "ideas",theoreticalthought,arenot that im-

portantin society. In their view common-senseknowledgeratherthanideasmustbe

thecentralfocusfor sociologyof knowledge.My studyemphasizestheimportanceof

understandingthe socialconstructionof the theoreticalformatof scientificrepresen-

tation,andseeinghow this understandinghasbeenshapedby a very limited segment

of society. Being sketchedandelaboratedby white, westernmiddle andupperclass

males,our (western)notionof scienceis inevitably a biasedone(Nieto, 1992,301).

MichaelApple (1993)evenstatesthatevery definitionof knowledgeis a sitefor con-

flict over therelationsbetweencultureandpower in class,race,genderandreligious

terms.

Guba(1990)definesthe conceptof paradigmasa basicsetof beliefsthat guidethe

actionsof theinvestigator. A paradigmencompassesthreeelements:ontology, episte-

mologyandmethodology. DenzinandLincoln (1994)notethatthenatureof paradigms

is that they dealwith first principles,or ultimates,andthusmustbeacceptedsimply

on faith; thereis no way to establishtheir ultimatetruthfulness.If therewere,Denzin

andLincoln continue,thephilosophicaldebatesreflectedalsoherein this thesiswould

havebeenresolvedmillenniaago.Beinghumancreations,paradigmsaresociallycon-

structedandthusculturallybound.ThomasKuhn(1962)agreeswith this,writing that

paradigmsarenothingbut agreementsamongascientificcommunity, andthey lastfor

a limited time. Stanley Fish (1989)goesfurther, claiming that reality is the resultof

thesocialprocessesacceptedasnormalin aspecificcontext, andknowledgeclaimsare

intelligible anddebatableonly within aparticularcontext or community8. Theprocess

of pushingthe locationof scientificthoughttowardsa local culture,e.g. holdingthat

both failureandsuccessin scienceareresultsof socialconstructionof knowledge,is

alsocalledcultural constructionby someauthors(Eglash,1997a).

My hypothesisis thatBergerandLuckmann’s (1966)theoryof socialconstructionof

8Fish’s longandabstruseargumentis put in this form by Schwandt(1994).
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reality holdsalsoin ComputerScience.If this is thecase,it leadsto a claim thatman

is capableof producingsciencethathe thenexperiencesassomethingotherthanhu-

manproduct(cf. Berger andLuckmann’s notionof objectivationandinternalization

processes).In thelight of thishypothesis,theprocessof socialconstructionof science

would thusbeasfollows: first, manproducesandpublishesa scientificreport(exter-

nalization);then,thescientificstudy, whenrepeatedandreferredto repeatedly, would

attainthecharacterof "objectivescience"(objectivation).Then,theobjectivatedscien-

tific studieswould,in thecourseof internalization,beadoptedasobjectiveknowledge;

andlastly, they wouldbeunderstoodby peopleassomethingotherthanhumanproduct

(reification).

Sincemostof theknowledgederivesfrom experiences(Berger & Luckmann,1966),

oneof the challengesof ethnocomputingis — to an appropriateextent — to trans-

late this subjective, culturally bound,andusuallyhiddenknowledgeinto conceptsof

ComputerScience.Supposedly, in many cases,the currentparadigmsof Computer

Sciencelack thepower of expressionfor thewide varietyof differentculturalknowl-

edge. Somereasonswhy the currenttheoryof computinghasbecomedominantare

that the westerncomputingis profoundlyintertwinedwith the westernMathematics,

andthat thecurrenttheoryhasprovedusefulin thewesternsocieties.Of course,this

shouldnot beusedto justify thesupremacy of thewesternview on ComputerScience

overotherpossibleviews,sincethiswouldclearlybecircularreasoning:it only shows

that a productof westerncultureworks well in westernculture. Unfortunately, this

argumentis rathercommon.

LorraineCode(1991)adheresto the claim that alongwith othercharacteristics,the

genderof theknower is significant,too. Shestatesthatacademicconversationsabout

knowledgecommonlytreat"the knower" asa featurelessabstraction.In heropinion,

sciencehasa putatively self-evident principle that truth, oncediscernedandknowl-

edge,onceestablished,claimtheirstatusastruthandknowledgeby virtueof aground-

ing in or coherencewithin a permanent,objective, ahistorical,and circumstantially

neutralframework or setof standards.However, sinceknowledgeis both subjective

and objective, Codestates,also the genderof the knower is epistemologicallysig-

nificant. However, her opinion is that not only onecircumstance,suchassex of the

knower, bearstheentireepistemologicalburden,but thatdifferentcircumstancescom-

bineaclusterof subjective factors.
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The resistancetowardsnon-positivist9 studyderivesfrom the "ever-presentdesireto

maintaina distinctionbetweenhardscienceandsoft scholarship"(Carey, 1989,99).

Positivist sciences(e.g. physics,chemistry, and economics)are often seenas the

crowningachievementsof westerncivilization,andin theirpracticesit is assumedthat

"truth" cantranscendopinionandpersonalbias(ibid.). Objectivity, quitepreciselycon-

strued,is commonlyregardedasadefiningfeatureof knowledgeperse(Code,1991).

However, in this study the non-positivist argumentsareessential.The construction

of knowledgeis hereseenasan inter-subjective process,anda dialecticrelationship

betweentheindividualandthesociety, aswell asbetweenComputerScienceandso-

ciety, is assumed.Societyis to someextentshapedby changesin ComputerScience,

andComputerSciencearisesfrom thesociety.

9Althoughnon-positivist schoolsdiffer in their epistemologicalviewpoints,they areunitedby their

commonrejectionof thebelief thathumanbehavior is governedby generallaws andcharacterizedby

underlyingregularities(Cohen& Manion, 1985). Moreover, they would agreethat the socialworld

canonly beunderstoodfrom thestandpointof theindividualswho arepartof theongoingactionbeing

investigated(ibid.).
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3 Ethnocomputing in Relation to Culturally Sensitive

Learning

ComputersandComputerSciencearedefinitelyoneof thesignificantfactorswiden-

ing the regional incomegap (Heikka, 2002). Like the telecommunicationindustry

contributedto wideningtheeconomicgapbetweentherich andthepoor, theInternet

may follow a similar pattern(Chon,2001). The inherentvaguenessof the concept

"West" (Hall, 1992)that hasthe privilege to technology, easesthe broadeningof the

digital divide even further. The only way to slow down the separationprocessbe-

tweencomputer-literateand-illiterate peoplewould beto give anequalpossibilityof

computerseducationto everyone.In theUnitedStates,therearealreadycriesfor eth-

nically fair10 educationalsoin science,not only in humanities.Hopefully, the study

of theethnicalrootsof computinghelpsin speedingup this process.Ethnocomputing

offersa tool for developinga multiculturalapproachin ComputerScienceeducation,

recognizingthe influenceof societalandcultural backgroundon learningComputer

Science.This chapterintroducessomedimensionsof multiculturaleducation,aswell

asthestudyof ethnocomputingasa multiculturaleducationalmovement.

3.1 Multicultural Education

Most of the studiesin multiculturaleducationhave taken placein the United States,

anddealtwith theproblemsof educationin theAmericanmulticulturalsociety. Even

thoughthis narrows theviewpointdown to theAmericancontext, thesestudiesreflect

thegeneralview onculturalaspectsin education,andcanthusbeusedalsoin thestudy

of ethnocomputing.Still, I seethat studyingethnocomputingand using the results

gainedis easiestin amonoculturalsocietywith acoherentcultureandvaluesystems.I

assumethatacoherentculturewouldhelpin identifyinguniquefeaturesin aparticular

ethnocomputing,andthat the resultscould thenbeusedwith a greaterconfidencein

thatall themembersof thatparticularsocietyarefamiliarwith theconcepts.

William Safran(1994)writesaboutculturalminoritieswithin a dominantculture.He

10Banks(1999)usesthe term ethnically fair in a multicultural educationevaluationchecklist. No

cleardefinitionfor the termhasyet beenestablished.Here"ethnically fair" standsfor somethingthat

is equallyavailableto everybodyregardlessof race,language,religion, or such,with thesameeaseor

work contribution.
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statesthatratherthanmulticulturalism, cultural pluralism11 maybea forcefor moder-

nity becauseit accordsaplaceto ethnicminority culturesthatmayin certaininstances

bemoreadvancedthanthecultureof themajority. He continuesclaimingthatmulti-

culturalismmaybeanti-modernin someoccasions.Theviewpointof thisstudyis that

a choicebetweenmulticulturalismandculturalpluralismis not needed,sinceneither

of themblocksout the introductionof new perspectivesto education.In my opinion,

multiculturalistapproachin scienceeducationhasbothsocietalandscientificbenefits.

First, it meetsa socialdemand,guaranteeingevery studentanequalchanceto excel-

lence,andsecond,differentapproachesto scientificproblemsmay alsobring along

noveltiesin sciencein form of new approachesto scientificproblems.

CameronMcCarthy (1998) criticizes the Americanschoolcurriculum for its Euro-

centrism12 andwesternness.He stressesthat the challengeof multiculturalismis the

critical challengeof curriculumin postmoderntimes. He alsocalls attentionto the

urgentneedto rethinkthecurrentprivilegingof Eurocentricideasin thecontemporary

Americanschoolcurriculum. The rethinkingprocess,he states,muststart from the

schooltextbookandtheprocessof textbookproductionon thewhole. In my opinion,

seeingcomputingassubjective knowledgewould meana fundamentalchangein the

wholeprocessof ComputerScienceeducation.

SoniaNieto (1992,301)notesthatoneof thehindrancesin multiculturaleducationin

theUnitedStates(aswell asin many Europeancountries)is thateducationhasnowa-

daysbeencanonized13. Thecanonassumesthatthemostworthyknowledgeis already

in placein the curriculum. Knowledgein this context is inevitably European,male

andupperclassin origin andconception.Particularly in theUnitedStates,Computer

11Thepoliciesof multiculturalismclearlyconstitutearecognitionof thesensitivitiesof ethnicor racial

minorities,andstressaffirmativeactionandascriptive(asopposedto merit-based)recruitment.Cultural

pluralism,on the otherhand,is premisedon that ethnicgroupsshouldbe maintainedas identifiable

constituentsof anation,becauseof theuniquecontributionsthey maketo therichnessandvarietyof the

culture(Safran,1994).
12In this thesis,Eurocentrismmeansbeingbasedontraditionsthatderive from Europeor from Euro-

peanculturaldependencies.GeorgeG. Joseph(1997)definesEuropeanculturaldependenciesasthose

countries,which aremainly inhabitedby populationshaving Europeanor similar roots: The United

States,Canada,Australia,andNew Zealand.JosephnamesEurocentrismas"intellectualracism".
13JamesA. Banks(1999)explainscanonasastandardor criterionusedto define,select,andevaluate

knowledgein theschoolanduniversitycurriculumwithin a nation.Nieto (1992)writesonly aboutthe

curriculumin theUnitedStates,but in thecourseof thestandardizationof theEuropeanbachelordegree,

thevarietyin contemporaryEuropeancurriculawill alsomostprobablyvanish.
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Scienceeducatorshave goneasfar astrying to totally canonizethe curriculum. The

computingcurriculumpresentedby ACM (ACM, 2001)hasa broadview on comput-

ing, andit pointsoutmany goodaspects.Still, it is my opinionthattheideathatevery

institutionshouldhave thesamecourseswith thesamecodes,aimsat creatinganul-

timatecanonthat definesthe only worthy knowledgenow andin the future. Only if

theeducatorsperceive thereportassuggestiveratherthandetermining,will thereport

succeedin its goalsto be"internationalin scope"and"broadlybased".I cannot really

seeanything"broadlybased"in definingonly onepossiblepathfor graduation.

The problemswith canonizationin studiesother than ComputerScienceare the

narrow-mindedview on thesubject,andthediscontinuitybetweenwhatstudentsex-

perienceat homeandwhat they experienceat school. For example,Gloria Ladson-

Billings (1995,207) pointsout that sociolinguisticshave suggestedthat if students’

homelanguageis incorporatedinto theclassroom,they aremorelikely to experience

academicsuccess.I wouldassumethatto maximizeefficiency, ComputerScienceedu-

cationin developingcountriesshouldtakethisinto account.CarlosTorres(1998)men-

tionsthattheproponentsof liberalmulticulturalismarguethatliberalmulticulturalism

will increasefairnessby representingtherangeandrichnessof differentethnicities.In

addition,liberal multiculturalismincreasestoleranceby exposingstudentsto multiple

perspectivesin themeaningof history(ibid.).

Banks(1999)criticizesthe critics of multiculturaleducationmovementfor oversim-

plifying theconcept.He mentionshearingopinionssuchas"Math is math,regardless

of thecolor of thestudents"on thepartof scienceteachers."An if-then-statementis

alwaysthesamein all universes,nomatterhow it is taught"14 is acomputerscientists’

commentequivalentto theabovementionedone. Indeed,this criticism unconsciously

bringsupmy pointthatthelearningprocessesthemselvesarecrucialfactorsin thecon-

ceptconstruction.Relyingonthesocialconstructionisttheoriesin education,I believe

thateffective teachingdependsa lot on how familiar theconceptsareto thestudents,

andthathow conceptsaretaughtshapestheway theinformationis understood.Banks

(1999)namesthis the knowledge constructionprocess. He describesit asthe proce-

duresby which social,behavioral, andnaturalscientistscreateknowledgeandhow

theimplicit culturalassumptions,framesof references,perspectivesandbiaseswithin

a disciplineinfluencetheway knowledgeis constructedwithin thediscipline(Banks,

14The commentof thescienceeditorof a major Finnishnewspaperwhenoffereda shortarticle on

ethnocomputing.
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1993a).

Banks(1993b)claimsthat multiculturaleducationconfrontsresistanceespeciallyon

thepartMathematicsandscienceteachers.Theirargumentis thatmulticulturaleduca-

tion is not relevantto theirdisciplines.In his responseto this,Banksalsomentionsthe

knowledgeconstructionprocessasoneof the dimensionsof multiculturaleducation.

Multicultural education,hestates,needsto bemorebroadlyunderstoodsothatteach-

ersfrom a wide rangeof disciplinescanrespondto it in appropriateways,andsothat

resistanceto it canbeminimized(ibid., 20).

In anotheressay, Banks(1993c)statesthatamainstream-centriccurriculumis amajor

way in which racismandethnocentrismarereinforcedandperpetuatedin schoolsand

in societyat large. In addition,he statesthat it hasnegative consequencesalso for

mainstreamstudents,sinceit reinforcesa falsesenseof superiority, giving themamis-

leadingconceptionof their relationshipwith otherracialandethnicgroups,anddeny-

ing themthe opportunityto benefitfrom the knowledge,perspectives,andframesof

referencethatcanbegainedfrom studyingandexperiencingotherculturesandgroups.

NothingindicatesthatComputerSciencewouldbeanexceptionfrom this;nothingin-

dicatesthatthepervasivewesternnessin ComputerSciencewould not imposea sense

of superiorityof thewesterncultureon thestudents.

Fromthemulticulturalisteducationalpoint of view, systematicstudyof ethnocomput-

ing aimsat developingskills for observingcomputationalphenomenathathave their

rootsin a distinct cultural setting. The resultsmay thenleadto new viewpointsinto

ComputerSciencewhich canbe usedto improve the cultural sensitivity in teaching

computing. The new viewpointsclearly benefitwesternscience,but promotingthe

competenceof differentsocialgroupswith differentculturesgoesalsohandin hand

with creatingethnicallyfair science.As anexampleof contemporaryethnicalinequal-

ity, PaulaUimonen(1998)pointsout thattheInternetis far from its claimedtruecul-

tural diversity. Only 5-10percentof the Internetcontentis of Asianorigin while the

Asianpopulationrepresentsabouthalf of theworld’s population(ibid.). Shesaysthat

the Internetcanbe seenasa vehiclefor marketing westernideasandvalues. Since

theInternet,shecontinues,differsfrom traditionalbroadcastingmediain thatits users

arebothconsumersandproducersof information,Asianswill have to beencouraged

to useit both ways(cf. the definition of the digital divide usedin this thesis). One

problemwith theencouragingmaybethethoroughwesternhistoryandwesternnessof

ComputerScience.Becauseof theseroots,almostall the teachingmaterial,problem
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solving methodsandconceptsaredominantlywestern,andasMunir Fasheh(1982)

notices,they areusuallynonsensicalto non-westernstudents.I claim that this causes

problemsto non-westernstudentswhoneedto startwith learningawholenew philos-

ophy whenstudyingComputerScience.The westernphilosophymay be directly at

oddswith their perceptionsof time andspace,society, logic, values,problemsolving

methods,or evenwith which questionsareconsideredlegitimate.So,on top of a new

subject,thenon-westernstudentsneedto learna wholenew way of thinking,whereas

thewesternstudentsarealreadyfamiliar with the logic thatunderliesComputerSci-

ence.

RonMiller (2000)writesthat thereis anongoinghistoricshift from schoolsto learn-

ing communities.He claimsthatmodernityasa worldview seesthesocietyasa great

machinewhosepurposeis to turn naturalandhumanresourcesinto commoditiesand

profits. In a culturethatvaluesefficiency, competition,andproductionandconsump-

tion of materialgoodsaboveeverythingelse,whatotherpurposescouldschoolsserve

than training youngpeopleto fulfill their placein the vast socialmachine? (ibid.).

Miller asksthisquestion,andgoesonto criticizethatduringthepasttwenty-fiveyears

educationhasbecomeever morestandardized,ever moremechanical,asit servesthe

political andeconomicagendaof competition,production,andcorporateprofit. Young

peoplearenot perceivedasgrowing, active humanbeingsbut asunitsof production

whoseacademicachievementscontainprimarily of economicvalue(ibid.). William

Ellis (2000)arguesthat the conventionalschoolingis in no way different from any

otheraspectof the dominantanddomineeringEuro-Americanculture. It is a hierar-

chical,patriarchal,andauthoritariansystemof controlfrom thetopdown (ibid.).

As anantidoteto themechanisticview in schooling,Miller (togetherwith anumberof

otherauthors)presentsan"attemptto rebuild society’s educationalsystemon a post-

modernculturalfoundationthatis democraticandperson-centeredratherthanmechan-

ical, aswell asecologicalandlife-centeredratherthandrivenexclusively by economic

forces".His aimis thattheplacesof learningwouldnotbeconstrainedby textbookand

curriculaestablishedby anonymousbureaucrats;teachingwould not bemadenarrow

andpetty in the serviceof "standards"that elite commissionsimposeon all learners

of all persuasionsin all communities(Miller, 2000). Ellis (2000)emphasizesthat in

communitylearning,therearetwo aspectsin respectto the term "community". One

is thatwhich thelearnersgetfrom thecommunity;theotheris thatwhich thelearners

giveto thecommunity— thedialecticcomposition,again.Communitylearningwould
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supporttheideaof ComputerScienceeducationthatis attachedto a local culture.

3.2 Different Approachesto Multiculturalism

Multiculturalistmovementin educationhasnotbeena homogenoussocialmovement.

CarlosTorres(1998,181)pointsout thatmulticulturalismcannotberepresentedby a

singletheoreticalparadigm,or oneeducationalapproachor pedagogy. Furthermore,

Torresdescribesdifferentviewson multiculturalism,listing four majorwaysin which

the goalsof multiculturaleducationvary. First, they vary from developingan ethnic

andculturalliteracy to developingpersonalprideof one’sethnicidentity. Second,they

vary from changingattitudes(stereotypes,racism)to promotingmulticultural com-

petence.Third, they vary from developinga proficiency in basicskills to striving to

achieveeducationalequityandexcellencesimultaneously. Fourth,they vary from pur-

suingindividualempowermentto achieving socialreform.

Torres(1998,181)alsomentionsfour approachesto multiculturaleducation.Theap-

proachesarecorporateconservativemulticulturalism, liberal multicultural approach,

social democratic approach and socialist approach. Conservative multiculturalism

("contributionsapproach")15 emphasizesteachingaboutthecontributionsof different

socialgroupsand individuals. Liberal multiculturalism("additive approach")incor-

poratesmulticultural lessonsasunitsof studythatsupplementor becomeappendixes

to theexisting curriculum.Socialdemocratic("transformative") approachattemptsto

changethebasiccurriculumandinstructionto reflecttheperspectivesandexperiences

of diverseethnic,racialandsocialgroups— eachhaving a cultureof their own. So-

cialist ("socialaction")approachteachesstudentsthat intergrouprelationsarealways

anintegralpartof socialandhistoricalconflictsin society.

ComputerScienceis ayoungdiscipline,andstill lookingfor its identity. Lofti A. Zadef

notedasearlyasin 1968thatevenamongthe leadingpractitionersof ComputerSci-

encetherearesignificantdisagreementson whatComputerScienceis (Zadef,1968).

Today, justaglanceat thelist of thespecialinterestgroupsof theAssociationof Com-

putingMachineryis enoughto convinceoneof thediversityof thediscipline(ACM,

2002).Theinterestgroupsincludepurelymathematicalbranchessuchasthetheoryof

computing,appliedstudiessuchasneuralcomputingaswell aspsychologicalstudies

15Originally listedandnamedby Banks,founde.g.in Banks(1993c)andBanks(1999).
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suchashuman-computerinteraction. The field is rapidly evolving to directionsthat

arechanginganddifficult to anticipate(Zadef,1968)16. Theboundariesof Computer

Sciencearenotstrictly defined,andchangeandreformareactuallyapartof thenature

of thediscipline.I believe thatprobablybecauseof theseproperties,many companies

have adoptedinformation technologyasa tool for change,whereasaccounting,for

example,mightbedescribedasapreservingelement.

Thatmostof specialinterestgroupsof the Associationof ComputingMachineryare

interdisciplinaryby natureleadsto theconclusionthatthevalueanduseof Computer

Scienceis mostlyinstrumental.Thismultidisciplinarityalsoproblematizesthephilos-

ophyof ComputerScience.The rootsof ComputerSciencearein mathematics,and

thuspositivistby nature.Still, falsification— apostpositivistmethod— is widely used

in severalareas.For example,proving aprogramcorrectis oftenimpossiblein thereal

world, andthusthe programis supposedto be "correctenough"if extensive testing

doesnot reveal more errors— but certaintyis never achieved. Constructivism, on

theotherhand,canbefound,for example,in theareaof human-computerinteraction.

This varietyof paradigmscausesuncertaintyamongstudents— andprobablyamong

researchers,too. Yet I believethatthesamediversityalsoholdsstrengthin it. Because

thedisciplineis intrinsically opento many differing paradigms,certainopennessand

adaptabilityis preserved.Encouraginginterdisciplinarystudiesratherthaneliminating

themcouldhelpsolvea problemthatis widely acknowledgedin informationindustry

— thelackof understandingbetweentheprogrammerandtheclient.

The educationalgoal of the study of ethnocomputing,if seenas a multiculturalist

movement,doesnotunambiguouslyfit in any of Banks’(1999)four classes.Theclos-

estof thefour classesis thesocialistdemocraticapproach,but it fails to bring out the

internaldynamicsof ComputerScience.Anotherapproachis neededin orderto em-

phasizetheradicalreformative natureof ethnocomputing;I shallnamethis approach

reformativemulticulturalism.

Reformative multiculturalismemphasizesthediversityandconstantchangeof theso-

ciety (andconsequentchangein knowledgeandscience),andunderlinesthe role of

thestudentsin this change.Especiallyin a sciencethat is in constantfluctuationit is

imperative to incorporatetheculturalknowledgeandtheideaof a continuouschange

into the teaching.On onehand,ethnocomputingshouldbeseenasanactive forceof

16Lofti A. Zadef’scommentthatwasmadein 1968is still valid in 2002— afterover thirty yearsof

changein ComputerScience.
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societalchange;on theotherhandasa dynamicsubjectof change.Ethnocomputing

arisesfrom thecultureandadaptsto thechangesin theculture.
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4 Ethnosciences

In thepastdecades,ethnoscienceshave evokedworldwidediscussion,raisingfervent

argumentsfor andagainstthem. Especiallylargein scaleandspiritedthis debatehas

beenover ethnomathematics.Theconversationclearlyshows theuncertainty(on the

sideof the proponentsaswell as the opponents)of what the goalsof ethnosciences

are,andevenmoreclearlybringsforward themisconceptionsandfearsaboutethno-

sciences.I am intentionallyleaving out thediscussionof differentparadigmsor per-

spectivesof ethnosciences,becausethatdebateis not essentialfor this study. There-

fore, insteadof comparingparadigmsandperspectives,I shalldiscussthebackground

of ethnosciencesandthecriticism towardsthem,andbriefly presenttwo perspectives

into ethnocomputing.

4.1 Theory of Ethnosciences

In thefamousarticle"Ethnomathematicsandits Placein theHistoryandPedagogyof

Mathematics",in which UbiratanD’Ambrosio (1985)definesethnomathematics17, he

usesthe term ethnoscienceas"the studyof scientificand,by extension,technologi-

cal phenomenain direct relationto their social,economicandculturalbackgrounds".

For example,ethnomathematicsis thusdefinedasthestudyof mathematicalideasof

non-literate18 people(Ascher& Ascher, 1986). If describedin termsof the develop-

mentof thesciencein general,ethnosciencesareacorporaof knowledgeestablishedas

systemsof explanationsand"waysof doing", which have beenaccumulatedthrough

generationsin distinct cultural environments(D’Ambrosio 1998). Nowadays,there

have beenstudiesin ethnoastronomy, ethnobiology, ethnochemistry, andethnogeog-

raphy, to mentiona few (Bernard1995,528). Quitecontraryto JohnGlenn’s (2001)

goalof usingscientificprogressfor sustainingtheadvantageof developedcountries,

especiallytheU.S.,over developingcountriesin thenameof economy, theAmerican

17It is unclear(andunimportantto this study)who usedthe term ethnomathematicsfirst. At least

Wilbur Mellerna(1990)claimsto have inventedthetermin 1967,andto haveusedit in a talk in 1971.
18Termsprimitive and illiterate areusedin different, inconsistentways. Here I use"non-literate"

insteadof "primitive", "illiterate" or "uneducated"for a few reasons.First, I useit to emphasizetheidea

of SheikJamani(Negroponte,1995)thatprimitivepeoplearenotuneducated,but thatthey usedifferent

waysof transferringknowledgefrom generationto generation.Second,I useit to disassociatefrom the

evolutionary-biasedterm"primitive" (Ascher& Ascher, 1986).
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wayof life, andits nationaldefense,ethnosciencesgenerallyaimfor equaldistribution

of thebenefitsof progress.

Thepresumptionabouttheabilitiesof non-literatepeople— or peoplewhosethinking

doesn’t follow the logical rules of westernscience— is usually that they are sim-

pleminded,childlike, illogical, of lesserintelligence,or incapableof analyticthought

(Ascher& Ascher1986; Cooper, 1975). Ethnosciencesdiscardthis belief, andrely

on the ideathat eachcommunityhasdevelopedits own ways,stylesandtechniques

of doingcertaintasks,andresponsesto thesearchof explanations,understandingand

learning(D’Ambrosio,1998).D’Ambrosionamesthesethesystemsof knowledge. All

thesedifferentsystemsuseinference,quantification,comparison,classification,rep-

resentationandmeasuring.Westernscienceis a suchsystemof knowledge,but other

systemsof knowledgewith thesameaimshavealsodeveloped.Theothersystemsuse

otherwaysof inferring,quantifying,comparing,classifying,representingandmeasur-

ing, but arenot simplemindedor childlike (ibid.). However, Code(1991)suggested

that from theclaim thatno singleschemehasabsoluteexplanatorypower, it doesnot

follow thatall schemesareequallyvalid. Contraryto heropinion,accordingto which

someknowledgeis betterthanotherknowledge,it is myview thatcomparisonbetween

differentsystemsof knowledgeis groundlessdueto the fact that they have arisenin

differentenvironmentsto meetdifferentdemands.Of course,asFasheh(1982)admits,

not all logicsandassumptionsareequallyeffective in understandinganddealingwith

a certainsituation,but this doesnot imply thatwesternlogic or assumptionswouldbe

usefulin all situations.

ThomasKuhn (1962)statesthat apparentlyarbitraryelements,compoundedof per-

sonalandhistoricalaccidents,arealwaysforming the beliefsof scientificcommuni-

ties.Normalscience19, hestates,owesits successto theability of scientiststo regularly

selectproblemsthatcanbesolvedwith conceptualandinstrumentaltechniquesclose

to thosealreadyexisting. Normal sciencedoesnot aim at noveltiesof fact or theory

and,whensuccessful,findsnone(ibid.). Clearly, whena paradigmdeniesthevalidity

of a large classof problems,it leavesout a numberof sociallyandscientificallyim-

portantproblemsandsolutions.This natureof normalscienceconsiderablylimits the

possibilitiesof multicultural researchandeducation,sincethe rulesof othercultures

19ThomasKuhn,who took in usee.g.theterms"paradigm","normalscience"and"scientificrevolu-

tion", defines"normalscience"asresearchthat is basedon pastscientificachievements,andacknowl-

edgedasa foundationfor furtherpracticeof thatparticularscience(Kuhn,1962).

25



maynot fit into our currentlylegitimateparadigm,andthustheproblemsandresults

arerejected,nomatterhow valid they arein thesurroundingswherethey emerge.The

reluctanceto adoptanew paradigmmightbedueto thefactthatanew paradigmoften

enforcesthescientiststo redefineor evendiscardtheir earlierwork. Kuhnnotesthat

in adoptinga new paradigm,someold problemsmay be declaredentirely "unscien-

tific", whereasothersthatwerepreviously nonexistentor trivial maybecomethevery

archetypesof significantscientificachievement.

As Kuhn(ibid.) recognizes,normalresearchdoesnot aim to producemajornovelties,

conceptualor phenomenal.Eventhoseprojects,whosegoal is paradigmarticulation,

aim not at the unexpectednovelty. Moreover, Kuhn statesthat the paradigmproce-

dures,applications,laws andtheoriesrestrict the phenomenologicalfield accessible

to scientific investigationat any given time. I seeethnosciencespossiblyspeeding

up theprocessof paradigmre-evaluationandfinding unexpectednoveltiesin science

in general.Ethnosciencesmay work asa catalyst,introducingandencouragingnew

paradigmsto challengetheprevailing ones.

Kuhn suggeststhat thereare two alternatives in a scientific crisis: either no scien-

tific theoryever confrontsa counterinstance,or all suchtheoriesconfrontcounterin-

stancesatall times.It is my view thatconcurrently, thereexist severalculturallybound

paradigmswithin adiscipline,andthatnoneof thesearebetteror worsethantheothers

— they just have arisento meetthedifferentneedsof differentcultures.Onereason

why ethnoscienceshave emergedthis late may be becauseof the fact that thesedif-

ferentculturally boundparadigmshave not really confrontedeachotherbefore,and

thushave not beenableto interact. Now, in a globalscientificcommunitywhereall

thenew publicationsareavailableon-line,paradigmsfrom differentculturesmeetcon-

tinuously, andcrisesareinevitable. It is only theall-extensive westerninfluencethat

preventsnew viewpointsfrom emerging if they arenot fully-fledgedandtotally revo-

lutionary. It seemsto methatquestioningthesupremacy andomnipotenceof western

scienceis consideredheresyin theWest.

Thevalueof localtraditionshasbeenhighly notedin thefieldof statistics(Desrosières,

1996). After mid-nineteenthcentury, theattemptsto find a commonlanguageandto

unify the methodologyleadto a universalprofessionallanguageof statistics(ibid.).

However, it wassoonnoticedthat the differencesbetweennationaltraditions,which

were earlier presentedas obstaclesto research,actually broughtuseful information

to theunderlyingstructures(ibid.). Differencesin classificationsystemsandchanges
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over time arenow seenasphenomenathatdeserve to beexaminedin their own right

(ibid.). Thedebatein thefield of statisticsportraysa question:shouldlocal traditions

in sciencebeviewedasanessentialsourceof informationandknowledge,or shoulda

universallanguagebesoughtinstead?

Oneimportantby-productof ethnosciencesis that they canserve in softeningthe in-

evitable clashof civilizations in the nearfuture. Actually, in the light of recentde-

velopmentof global politics, many peopledefinitely seethis as an aim ratherthan

a by-product. SamuelHuntington(1993)pointsout that the growth of civilization-

consciousnessandfundamentalismareenhancedby the dual role of the West20. The

Westat the peakof its power confrontsnon-Weststhat increasinglyhave the desire,

the will andthe resourcesto shapethe world in non-westernways. Thequestof the

non-westerncivilizationsis to modernize,but not to westernize(ibid.). Sincescience

doesnot, in my opinion,belongonly to EuropeansandAmericans,it hasto beadapted

to thedifferentculturesof differentpeople.Huntingtonstatesthatdeep-rootedcultural

characteristicsanddifferencesarelesseasilycompromisedandresolvedthanpolitics

or economics(or, in my opinion,the teachingof ComputerScience).Theconceptof

a global world is intimately relatedto the emergenceof religionsof conversion,es-

sentiallythe ChristianandIslamic faiths(D’Ambrosio, 1997). The very notion that

therecouldbea"universalcivilization" is awesternidea,anddirectlyatoddswith the

particularism21 of e.g. mostAsiansocietiesandtheir emphasison whatdistinguishes

onepeoplefrom another(Huntington,1993).

4.2 Criticism of Ethnosciences

In theUnitedStates,currentethnomathematicshasbeencriticizedfor severalreasons.

Eglash(1997b)22 statesthatthecurrentlyexisting trendof primitivist romanticismand

orientalismcan be as damagingas racism. When mean-spiritedtalk of "savages"

changesto well-intentionedromanticismof "children of the forest", the portrait of

20Ononehand,theWestembodiesa triumphof economicsuccessandglobalization,but on theother

hand,it representsunfavorablevaluesthatencouragesometimesevenhostileback-to-rootsphenomena

in non-westerncivilizations.
21Particularismis exclusiveadherenceto, dedicationto, or interestin one’sown group,party, sector

nation(AmericanHeritageDictionaryof EnglishLanguage,2000).
22Eglash’stext canalsobefoundin www.rpi.edu/˜eglash/isgem.dir/texts .dir/ multcr it.ht m

(May 5th,2002).Thetext on thewebpage(alsoby RonEglash)is a summaryof theoriginal.
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indigenouspeopleasunconscious,animal-like extensionsof the ecosystemdoesnot

change(ibid.). Eglashcontinuesclaiming that the presentmulticultural Mathemat-

ics educationfails in applyingreal examplesof intentionalindigenousMathematics

in curriculum. What he criticizesis that what goesunderthe nameof multicultural

Mathematicsis too oftena cheapshortcutthatmerelyreplaces"Dick andJanecount-

ing marbles"with "Tatuk andEstebancountingcoconuts". That multiculturalismis

usedonly in basiccontexts unintentionallyimpliesprimitivism, e.g. thatmathemati-

cal conceptsfrom African culturesareonly child-like (ibid.). Eglash’s third remarkis

thattheessentialistapproachleanstoo heavily on thecrutchof "self-esteem",asif all

culturalbarrierscouldbereducedto a self-imposedshame.Also, a child from Puerto

Rico may find himself or herselfconfrontedwith a situationin schoolwherehe or

sheis expectedto automaticallybe familiar with artifactsfrom the universeof Latin

Americansocieties,e.g.theIncanllamas,simplybecauseheor sheis "Latina".

ThecommentthatSirkkuHellsten(2001)makesaboutAfrican philosophyshouldalso

bementionedhere.It shouldbenotedthatsincethetheoryof computingis universal,

acertainapproachor interpretationis considerednon-westernprimarily becauseof its

non-westernproblemfield andapplicationarea,or becauseof theethnicbackground

of theauthor. Hellstenalsomakesa point that it is oftenhardto outlinewhatis meant

by "African philosophy". If the mythologicalworldview representsthe philosophy

of a certainculture, then Finnishphilosophywould be representedby the mythical

worldview of theFinnishnationalepicKalevala— astatementthatmostFinnsdiscard

asridiculous.Whenaforeignresearcherinvestigatesaculture,they maybeableto find

distinctivecharacteristicsthatthey thenmightlabelasethnocomputing.In my opinion,

an outsider’s understandingof objectivatedcultural traits is alwaysan interpretation

thatmayemphasizeinessentialfeatures,or evenmisinterpretconcepts.Theproblem

thatarisesfrom this is how to extracttheculturallyboundcomputationalideaswithout

letting thecultureof theinvestigatorinterferewith them.

MarianneM. Jennings(1996)criticizesmulticulturalMathematicseducationasbeing

"MTV math"23. Sheclaims the new Mathematicstextbook "SecondaryMath: An

IntegratedApproach:Focuson Algebra"concentrateson insubstantialthingssuchas

essayson theDogontribe of Africa, questionssuchas"what role shouldzoosplay in

23Jenningsapparentlyrefersto Music Television, which broadcastsmainly superficialimagesof a

perfect"party-society".Theprogramskeepcontinuouslyflashing"factboxes"thatbring out thenames

of thepetsof thestarsandothersuchinformation.

28



today’s society"et cetera.Jennings’view is that the educatorshave "takenmathout

of math",thusstrippingthedisciplineof thebeautyof Mathematics.MTV Math,she

states,offersonly brief, superficialglimpsesof numbers,disguisedin inaneproblems

even childrenfind laughable. In her article, Jenningsdemandsthat the teachingof

theconceptualunderstandingof mathshouldbereplacedwith problemsandpractice.

Anothertext of JenningsonthesamesubjectwasquotedbysenatorRobertByrd (1997)

in his speechfor theSenate,althoughByrd’s uppermostconcernseemsto bethat the

U.S.is falling behindJapanesein Mathematics.However, whatByrd doesnottakeinto

account,is that thetestsusedto comparechildrenfrom differentcountriesemphasize

someaspectsof Mathematics(e.g.rotelearning),but notnecessarilyunderstandingof

theconcepts.

Bill Barton(1998)statesthatif science(Mathematicsin his case)is seenasa cultural

approximationof the truth, its merits canbe measuredin termsof closenessto the

ideal. He continuesthatthis allowscolonial,ethnocentriccategorizationsof primitive

Mathematicsor sophisticatedMathematicsetc.WhereI think Bartonfalls shortin his

analysisis that he limits his view to the Platonicview of ideas,wherephenomenal

world, or the world that we derive throughour sensesratherthanour mind, is sec-

ondaryto theidealworld. Platoactuallyrejectsthestudyof thephenomenalworld as

unimportant(Saarinen,1985).Instead,if theideasareunderstoodin theKantiansense,

we areunableto reachthenoumenal24reality. Accordingto Kant, knowledgeandun-

derstandingrelateonly to thephenomenalworld, andcannotevenin theoryreachthe

thingasitself; dasDing ansich (ibid.).

Now, measuringclosenessto theideallosesits meaning,sincethereis nostandardfor

comparison.If we seethe ideasin theabove-mentionedway, we areableto measure

out only how well the culturally boundcomputingworks in whereit is applied,but

thiswouldbeself-justifying,asmentionedearlier. Thecomparisonwouldbebasedon

a subjective scale,sincetheapplicationsarealsoculturally bound.Thenagain,Kuhn

(1962)pointsout that it is inevitableandnaturalthatparadigmsareevaluatedby the

criteriathey dictatefor themselves.Sinceno paradigmever solvesall theproblemsit

defines,andsinceno two paradigmsleave all thesameproblemsunsolved,paradigm

problemsalwaysincludethequestion" which problemsis it more significantto have

24In the philosophyof Kant, an object as it is in itself independentof the mind, as opposedto a

phenomenon;alsocalledthing-in-itself— dasDing an sich (AmericanHeritageDictionaryof English

Language,2000).
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solved?". This questionof valuescanbe answeredonly in termsof criteria that lie

outsideof normalsciencealtogether(ibid.).

AnothermodelwhereBarton(1998)shows pitfalls is seeingscienceasif thescience

within eachculturewould bea shadow of the"real" science.Accordingto this view,

asculturesinteract,thesciencewhich is moredevelopedwill subsumetheother, and

an illusion of one sciencedeveloping towardsa universalperfectionis maintained.

This view would allow us to saythat someculturesare"seeing"sciencemoretruly

than others,and the hegemony would continue(ibid.). This is wherethe study of

ethnocomputingfacesachoice.

In respectto Barton’s (1998)notionandthequestionof universallanguagein statistics

referredto above(Desrosières,1996),differentapproachesfor thestudyof ethnocom-

putingcouldbeset. First, theaim of thestudyof ethnocomputingcouldbeto totally

differentiatecomputingbetweendifferent cultures,so that all the differing cultures

would beequallyimportantassuch,andthatconceptsforeignto a cultureshouldnot

beintroducedin it. Second,theaim of thestudyof ethnocomputingcouldbeto seek

theultimatesynthesisof culturally boundviews on computing,andclaim it to beall-

inclusiveandethnicallyfair.

Clearlythefirst approachconcentratesonhow computingis besttaughtamongdiffer-

entculturalgroups,andthesecondonefocuseson developingtheComputerScience

towardsacommongoal.Thus,I shallnametheapproachesdifferentiatingstudyof eth-

nocomputingandintegrating studyof ethnocomputing, respectively. Both approaches

have apparentflaws. Thefirst onecouldbecriticized for excessive insularism,but it

is supportedby the claimsthathumannatureseemsto requirebordersto distinguish

us from them, andthatnationswill continueto serve thepurposeof power elitesthat

will preserve sovereigntyanddistort the informationinfrastructureto serve this end

(Townsend& Bennett,2001;Hall, 1992).Thesecondapproachcouldbecriticizedfor

lackof considerationtowardsparticularismin many cultures,andclaimedto bebuild-

ing up a "McDonaldization"of science,but it is supportedby the argumentsthat all

civilizations,thoughthey differ anddevelopatdifferentpace,havealwaysbeenbound

togetherinextricably (Anderson,1990),andit is alsosupportedby my conjecturethat

acommonsetof conceptscouldeasetheco-operationin educationandscienceacross

cultures. Sinceneitherof theseapproachesis clearly betterthanthe other, but actu-

ally supportthe other, they areboth equally importantin developingethnically fair

computing.EthnicallyfairerComputerSciencesupportstheteachingof computingin
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differentculturalsettings,andteachingthattakesinto accounttheculturalorigin of the

studentsproducesfresh,creativeviewsonComputerScienceon thewhole.

The goalsof the study of ethnocomputingshouldnot be tied too strictly to any of

theTorres’(1998)variationsof multiculturalistmovements(seeparagraph3.2). Still,

I find developing an ethnic and cultural literacy more important than developing a

pride of one’s ethnic identity. Both changingattitudesand promotingmulticultural

competenceareequallyimportantgoals,asaredevelopingproficiency in basicskills

andeducationalequity. Pursuingindividualempowermentandachieving socialreform

areeasilylabeledaspolitical issues,but if thoseconnotationsaredropped,bothcanbe

harnessedto bridgethedigital divide.
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5 Ethnocomputing

My definitionof ethnocomputingis apostpositivist25 onein asensethatthenoumenal

world is thoughtto exist, but its objectsareunapproachable.Still, theheavy empha-

sison thesocialconstructionof conceptsleansthe ideatowardsconstructivism. The

cultureandsocietyarethoughtto bein constantinteractionwith theconceptsof com-

puting,all changingin theprocess.My view is still apartfrom radicalconstructivism,

which startsfrom theassumptionthat thereis no way of knowing aboutthereality of

otherpeople(Glasersfeld,1995). Although therearecertaindangersin moving be-

tweenparadigms,methodologically(but alsotheoretically)triangulation, for example,

is sometimesusedwhena multimethodapproachis needed(see,e.g.,Cohen& Man-

ion,1985,pp.254-).In thischapter, I shallbriefly discussthecurrentdebate,definethe

termethnocomputing, andfinally proposea few examplesthat I reckon to beamong

ethnocomputing.

5.1 Computing and Society

Accordingto Barton(1998),ComputerScienceasa tool hasevolved in responseto

its surroundings.Thus,startingfrom its birth, ComputerSciencehasbeenculturally

dependent.It couldbesaidthatthevalueof ComputerScienceis merelyinstrumental.

For example,DanBricklin (2001)acknowledgesthatwe useinformationtechnology

becauseof what it cando for us,not for its inherentqualities.Its benefitto societyis

that today’s peoplecanuseit to fulfill today’s needs(ibid.). KarenHoltzblatt (2001)

notesthat sincetechnologyis fundamentallyjust an extensionof the stick whenthe

arm cannotreach,any discussionof the future of computinghasto considerits use

in humanpractice.Thelack of adaptabilityin softwareproductsis alreadya problem

amongthemajorsegmentsof society, CherriPancake (2001)writes. Shearguesthat

theonly solutionfor theproblemis thatthesoftwareproductsbecomemoreresponsive

to humansin all theirdiversity.

Luke Hodgkin (1976)andBrian Martin (1988)claim that a large sectorof scientific

work, especiallyComputerScience,is organizeddirectly aroundandfor capitaland

25In postpositivist paradigm,thereality is assumedto exist, but to beonly imperfectlyapprehendable

becauseof thebasicallyflawedhumanintellectualmechanismsandthefundamentallyintractablenature

of phenomena(Guba& Lincoln, 1994).
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actualor potentialmilitary applications.Anita Borg (2001)choosesasofterapproach,

statingthatasa field, computinghasbeendrivenby technicalor scientificgoals.The

greatchallenges,shewrites,have beenframedin termsof thetechnologywe want to

create— the fastest,smallest,hottest,biggestor coolest. Instead,the researchand

the creationof technologyshouldbe driven by what peopleneedand want (ibid.).

Technology, Borg envisions,shouldbe basedon the degreeto which it successfully

addressesasocietalchallengeinsteadof beingoneof those"—ests"mentionedearlier;

technologyshouldbedirectedto improving humanlife (ibid.).

Still, in thefield of ComputerSciencethediscussionof thesocialandethicalconcerns

of technology(e.g. Mason,1995;Laudon,1995;Collins et al, 1994;Huff & Martin,

1995)hasbeenoneof the few social topicsconcerned.FriedmanandKahn (1994)

statein theirarticlethatthesocialandethicalconcernsaredefinitelyanintegralpartof

designingcomputersystems,but thatthey wereat thattime,1994,absentin Computer

Scienceeducation— althoughthey actually are alreadymentionedin the curricula

propositionin 1991(Tucker et al, 1991). In 1996 the ProjectImpactCS(Martin et

al, 1996)proposedhow teachingethicsand the social impactof ComputerScience

shouldbe embeddedin the curriculum. As lateasin the propositionfor curriculaat

theendof 2001,the"Joint TaskForcefor ComputingCurricula"included"socialand

professionalissues"in thenew report(ACM, 2001). In otherfieldsplentyof research

on the informationageandinformationtechnologycanbe found. Philosophers,for

example,aredebatingthemeaningandeffect of artificial intelligenceandcomputing

for theirdiscipline(Graubard,1988;Floridi, 1999).

SociologistManuel Castells(1998) claims that contraryto the commonbelief, in-

formationtechnologyis not the causeof the changeswe areliving amidst. Without

new informationandcommunicationtechnologies,though,noneof thethingsthatare

changingour liveswould have beenpossible(ibid.). In Castells’opinion, informa-

tion and communicationtechnologyper se do not solve any problems,but are the

functionalequivalentof electricityin theindustrialera.Heseesinformationandcom-

municationtechnologyas the essentialtool for economicdevelopmentandmaterial

well-being. Castellscharacterizesthe conditionsof developmentso thatculturaland

educationaldevelopmentconditionstechnologicaldevelopment,whichconditionseco-

nomicdevelopment,whichconditionssocialdevelopment;andthisstimulatescultural

andeducationaldevelopmentoncemore(Figure2)26. Castellsnotesthatthis canbea

26Castellsdid notpresentthepicture,but it is addedto clarify theidea.

33



virtuouscircle of developmentor a downwardspiralof underdevelopment— andthe

courseof thisprocessis not decidedby technology, but by society(ibid.).

EducationEducation

EconomyEconomy

SocialSocial DevelopmentDevelopment TechnologyTechnology

Figure2: Conditionsof development.

Up to now, thestudiesseemto have centeredonly on thesocialandethicalimpactof

computingon society, andnot the otherway round. Although Castells(1998)men-

tions thecircle, he focuseson thesocialconsequencesof the informationage. In my

opinion,the impactof societyon thedevelopmentof ComputerScienceis anequally

importantandinterestingquestion.Indeed,Keith Miller (1988)writes that technical

issuesarebestunderstood— andmosteffectively taught— in theirsocialcontext, and

thesocietalaspectsof computingarebestunderstoodin thecontext of theunderlying

technicaldetail. He claims that including societalaspectsin the ComputerScience

curriculumcanenhancestudents’learning,increasetheirmotivation,anddeepentheir

understanding.The goal of recognizingethnocomputingis not to give the computa-

tionalmethodsof otherculturesawesternstampof approval,but to recognizethatthey

are,andalwayshavebeen,importantassuch.

5.2 Definition of the Term

The etymologyof the prefix ethno-tracesback to the Greekword ethnosmeaning

"people","nation"or "foreignpeople"(AmericanHeritageDictionaryof EnglishLan-

guage,2000). In thecontext of ethnocomputing,though,ethnodoesnot refer to race

or peopleonly, but alsoto differencesin culture.Of course,theseculturaldifferences

mayincludedifferencesbasedon racialoppressionor nationality, but they aremainly

basedon language,history, religion, customs,institutions,andon thesubjective self-

identificationof thepeople— thesearethesocial,economicandculturalbackgrounds

thatHuntington(1993)mentionswhenhedefinescivilization asa "culturalentity".

Moreover, Huntingtonstatesthatpeopleof differentcultureshave differentviews on

the relationshipsbetweengodandman,the individual andthe group,thecitizenand
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the state,parentsandchildren,husbandandwife; aswell asdiffering views on the

relativeimportanceof rightsandresponsibilities,libertyandauthority, andequalityand

hierarchy. Thesedifferencesbetweenculturesareaproductof centuries,andthey will

not disappearrapidly (ibid.). They arefar morefundamentalthandifferencesamong

political ideologiesandpolitical regimes(ibid.). In additionto thesecategories,culture

is hereexpandedto includealsotheculturesof differing professionalgroupsandage

classes(D’Ambrosio,1985)aswell associalclasses,gender, andsoon.

Definitely, asBrian M. Bullivant(1993)stressesout, thetermculture is oftenusedin

severalconfusingways.Hepointsout thatpeoplebelongto, or livein, or aremembers

of socialgroups;they arenotmembersof "culture". Along with thisnotion,hedefines

culture as a social group’s designfor surviving in and adaptingto its environment

(ibid.). However, cultureis heredefinedasthe ideations,symbols,behaviors, values,

knowledgeandbeliefsthataresharedby a community(Banks& Banks,1993). The

essenceof acultureis not its artifacts,toolsor othertangibleculturalelements,but the

way(s)themembersof thegroupinterpret,use,andperceive them(ibid.). An artifact

maybeusedin differentculturesin verydifferentwaysandfor verydifferentpurposes

— computersareagoodexampleof this.

Thereis certainlyaneedfor thisbroadadefinitionof cultureto ensurethatnoneof the

culturalgroupsthatmighthaveprivilegedknowledgeareexcludedfrom thestudy. Nel

Noddings(1995)writes that from the view of "standpoint"epistemologists,women

haveprivilegedknowledgewith respectto issuesof theirgender, thepoorwith respect

to poverty andso on. He addsthat standpointtheoristsdo not believe that we come

closerto truth by confessingthe biasesandrooting themout. On the contrary, they

claim thatsuchstandpoint-ladenclaimsandreportsareepistemicallyricherandmore

accuratethanthosegeneratedthroughtraditionalobjectivemethods(ibid.).

As DennisTsichritzis(2001)pointsout,afterChurch’s thesisin 1936,computinghas

beenunderstoodassomethingthat Turing machinesor similar modelscancompute.

However, he remindsthat this definitionof computingis ratherlimited. Most of the

interestingproblemsarethoughtto be insolvable,thoughthey arepracticallysolved

usingdifferentkindsof heuristics(ibid.). Differentlyfrom thetraditionalconstrained

view, usingGibbsandTucker’s(1986)definitionof ComputerScienceasabasis,com-

putingis heredefinedasacombinationof

1. the organizedstructuresandmodelsusedto representinformation(datastruc-
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tures),

2. thewaysof manipulatingtheorganizedinformation(algorithms),

3. themechanicalandlinguistic realizationsof theabove,and

4. theapplicationsof all of theabove.

Ratherthanchangingthe scienceitself (the content),the goal of the studyof ethno-

computingis to concentrateon the form (the outward appearance)of computing. In

otherwords,theaimis notto questiontheveryfoundationsof computing.It is theway

in which thecomputationalconceptsarepresentedthatethnocomputinghasparticular

interestin. Insteadof beinganotherparadigmitself, thestudyof ethnocomputingaims

at encouragingthesearchfor novel ideas,andtheir examinationandadoption.There

is no reasonto believe that theideabehindtheuniversalTuring machine27, for exam-

ple,would not belongto thefoundationsof ComputerSciencein any culture.Instead,

thereis reasonto believethattheform thattheconceptof theuniversalTuringmachine

takes,or how it is taughtbest,maydiffer from oneculturalsettingtoanother. As shown

before,BergerandLuckmann(1966)andBanks(1993a),amongothers,suggestthat

reality is a socialconstruct,andthatknowledgereflectsthesocial,cultural,andpower

positionsof peoplewithin a society.

5.3 RelationshipBetweenthe Universaland The Particular

Theinternaltensionin the termethnocomputingis intentional.Ethnorepresentspar-

ticularity andcomputinguniversality, anda combinationof theparticularandtheuni-

versalleadsto computingactivity thattakesits placewithin aculture.Theconceptsof

ethnocomputingcanmanifestasdirectapplicationsin real-lifesituations,or asobjects

amongculturalgroups(suchasthequipu,whichweshalldiscusslater),andthey reflect

thetraditionalpracticesof aculture.It shouldalsobenotedthatthestudyof ethnocom-

putingis not thestudyof ideasof non-literatepeople,like Ascher& Ascher’s (1986)

ethnomathematicsis. It is rathera studyof the ideasof culturally differentgroups—

27Theideaof theuniversalTuring Machineis oneof a "generic"Turing machinethatcan— for any

problemthatcanbesolvedby Turingmachines— produceaTuringmachinethatsolvestheproblemin

question(see,e.g.Lewis & Papadimitriou,1998).
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whetheror not technicallyadvanced.It is necessaryto understandhow computational

conceptsareborn,conceptualizedandadaptedinto thepracticesof asociety.

As I seeit, theapparentdevelopmentof ComputerSciencewithin a cultureis actually

aprocessof changein thatparticularculture’sethnocomputing.Theprocessshouldbe

seenasdevelopmentwithin oneculture,andnot in absoluteterms,sincetheconcepts

that form theethnocomputingof a particularculturemaynot fit in otherculturesthat

usedifferentconstructionsof ethnocomputing,or in otherculturesthathave different

prioritiesfor ComputerScience.Kuhn(1962)statesthatdifferenterasof normalsci-

encemay raisenew questionsthat wereearlier thoughtto be insignificant,andmay

alsorendersomeof theasfar essentialquestionspointless.Similarly, I seethatappar-

entlysignificantfindingsin sciencerelateto preferencesof oneculture,andthey must

bedealtwith assuch.

Community ACommunity A Community BCommunity B

Language andLanguage and Language andLanguage and
Culture of ACulture of A Culture of BCulture of B

EthnocomputingEthnocomputingEthnocomputingEthnocomputing
of Aof A of Bof B

Universal TheoryUniversal Theory
of Computingof Computing

UniversalUniversal
ComputingComputing

Particular,Particular,
CulturallyCulturally
BoundBound
ComputingComputing

Figure3: Therelationshipbetweenparticularanduniversalcomputing.

Figure3 representsmy ideaof thelayersof knowledge.CommunityA couldrepresent,

for example,the IT usersat Finnishcountryside,whereascommunityB couldbe the

programmingelite of theSeoulNationalUniversity. Thus,a communityis a groupof

peopleforming a distinctsegmentof society, or evena segmentof thehumankindas

a wholethatsharessomeculturalcharacteristics.A personmay, of course,belongto

many communities.Distinct communitiesmayhave their own languageandculture,

but the languagesandculturesof differentcommunitiesmay alsooverlap. The rela-

tionshipworks both ways; languageandculturealsochange(andsometimesdefine)
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thecommunity. Theuniversaltheoryof computingincludescomputationalideasin the

Kantiansense.Wecanonlyacquireknowledgeconfinedto theappearanceof theideas,

but we cannotreachthenoumenalreality, dasDing an sich. The layerof ethnocom-

puting representsthe appearanceof the conceptsto us. Differentculturesmay have

differentabstractionsof the concepts,andtheseabstractionscanoverlap. It mustbe

notedthatall theknowledgeattachedto theuniversalphenomenais culturally bound

andthusinter-subjective.

Sincemy ideaof thesocialconstructionof conceptsin ComputerSciencehasa claim

of theexistenceof a universaltheorythat is staticandobjective,andalsoa claim that

this theoryis filteredto usthroughculture,it canbecriticizedfor variousreasons.Due

to thegreatnumberof differenttheoriesthatcriticize eachother(positivist, construc-

tivist, or critical-Marxist theories,for example),I will hereleave out thedebateover

differentparadigms.Especiallysusceptibleto criticism my view is in its attemptto

take influencesfrom two very differentparadigms(Denzin& Lincoln, 1994). How-

ever, sinceI am not trying to presenta paradigm,but a perspective or interpretation

— a lessdevelopedsystemthanparadigm— this moving-betweenshouldbeallowed

(ibid.).

5.4 Examplesof Ethnocomputing

Accordingto Denninget al. (1989),ComputerScienceandengineeringis the sys-

tematicstudy of algorithmic processes— their theory, analysis,design,efficiency,

implementation,andapplication— that describesandtransformsinformation. This

definitionof thewesternComputerScienceincludesall of thefour itemsin theabove-

mentioneddefinition of computing. The first item (datastructures)is a part of both

"theory" and"design"; the seconditem (algorithms)is dealt in "analysis"and"effi-

ciency"; the third item (mechanicalandlinguistic realizations)in "implementation";

andthelastitem(application)naturallyin "application".Thus,westernComputerSci-

encecanberegardedas"computing"by thisdefinition— and,dueto its culturalroots

in thewesternsociety, asethnocomputingin thewesternsettings.

Artificial Intelligence

Theimportanceof anon-traditionalview onComputerScienceis emphasizedwith the

emergenceof thenew typesof problemsrelatedto artificial intelligence.Characteristic
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of thesenew problemsis that they cannotbesolvedusingsyllogistic (classicalAris-

totelian)logic, but needmultivaluedlogic, oftencalledfuzzylogic — thatis, thelogic

thatunderliesinexactor approximatereasoning,Lofti Zadef(1984)says.In his opin-

ion, multivaluedlogic wastakeninto ComputerScienceto serve theneedsof real-life

situations.Zadefstatesthat in classicaltwo-valuedsystems,all classeshave sharply

definedboundaries(dead-alive, inside-outside),andeachobjectis eithera memberof

a classor not a memberof a class.However, mostclassesin realworld do not have

sharpboundaries(how arethe boundariesof beauty, kindness,or tallnessdefined?).

The classeswith blurredboundariesarethe caseswheremultivaluedlogic comesin

handy(ibid.).

Anotherexample,JohnMcCarthy’s (1980)circumscriptionlogic, if usedin a heuris-

tic program,hasto includedomaindependentheuristicsfor whatcircumscriptionsto

make andwhento take themback. Circumscriptionwill allow us to conjecturethat

no relevantobjectsexist in thecategoriesof a problemexceptthosewhoseexistence

follows from thestatementof theproblemandcommonsenseknowledge(ibid.). For

example,whensolving Missionariesand Cannibalspuzzle28, circumscriptiondisal-

lows the solutionswheremissionariescanfly, or wherea bridgeis found upstream,

andotherunrelatedsolutions(ibid.). Circumscription,heuristicsandmultivaluedlogic

areusedin attemptsto formalizehuman-like processes(Ascher& Ascher, 1986)that

areculturallybound.For example,theHindu,ChineseandJapanesecultureshavecon-

tributedto thedevelopmentof fuzzylogic morethanwesternscience(Zadef,1984).In

thesecultures,thereis agreateracceptanceof a truth-valuethatis neitherperfecttruth

norperfectfalsehood(ibid.).

Inca Quipu

TheIncaquipu thatMarciaandRobertAscher’s work (1981)illustratesis a goodex-

ampleof ethnocomputing.Insteadof writing, Incasusedquipusto recordandtransmit

informationthroughoutthe vastInca Empire(ibid.). A quipu is a collectionof dyed

cottoncordswith knotstied in them,wherethenumberof cordscanrangefrom three

to several thousands(ibid.). Ascher& Ascherstatethatquipushave threeimportant

properties.First, they canbeassignedhorizontalor verticaldirection,thusgiving the

cordsandknotspropertiesbefore, after, aboveandbelow. Second,they havemultiple

28"Threemissionariesandthreecannibalscometo a river. A rowboatthatseatstwo is available. If

thecannibalseveroutnumberthemissionariesoneitherbankof theriver, themissionarieswill beeaten.

How shallthey crosstheriver?"
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levels,anda hierarchicalstructure.Third, they consistof cordsandspacesbetween

cords. The cordscanthusbe associatedwith differentmeaningsdependingon their

color, their verticaldirection,their level, their relative positionsalongthemaincord,

and,if they aresubsidiaries(onlowerhierarchicalstructure),ontheirrelativepositions

within thesamelevel (ibid.) (Figure4).

Top cordTop cord

Main cordMain cord

SubsidiarySubsidiary

PendantsPendants
SubsidiariesSubsidiaries

Figure4: A blankquipu.

As Ascher& Ascher(1981)note,usingcolor-codingis alsofamiliarto westernculture.

For example, in the field of electronics,the resistanceand accuracy of resistorsis

representedwith a certaincolor code,wherecolorsandtheir positionsareassociated

with thepropertiesof thecomponent(ibid.). Similarly, in theIncaquipus,thenumber

of colorsrepresentsthenumberof distinctionsbeingmade,andtheoverall patterning

(combiningdifferentcolorsto one,multicoloredcord) exhibits the relationshipsthat

arebeingrepresented(ibid.). Thefeatureswhosemeaningsfor colorandmeaningsfor

positionsusedin combinationwith eachotheraresharedby theresistorcolor system

andthequipu(ibid.). In quipu,theknotstied to thecordsrepresentnumbers.

Table1: Incaquipuasethnocomputing.

Requirement Incaquipu

Datastructures Semanticscodedin colors,knots,andhierarcy of

thecords

Algorithms Summation,categoricalsummation,chartsetc.

Mechanicalandlinguistic realizations Somequipusexist, languagehasdisappeared

Applications Hintsof theirusee.g.in accounting

Since,accordingto Ascher& Ascher(1981),quipudid not serve merelyin recording
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numbersin the form of knots,but hadalsosemanticsfor differentcolorsand these

semanticswererelative to context, quipumeetsthefirst requirementof my definition

of computing(Table1). Quipu is a structurethat representsorganizedinformation,

andcanbeconsideredasa datastructure.Ascher& Ascherpresenta numberof algo-

rithmsfor quipu,includingsummation,categoricalsummation,chartsandsubchartset

cetera.Thus,thesecondrequirementis met.Requirementsthreeandfour; mechanical

andlinguistic realizationsandthe applicationsarepresumable,but sincetheSpanish

destroyedalmostall thequipusalongwith theIncacivilization (ibid.), thereis no evi-

denceof whattheuseof thequipuhasbeen.Eventhoughthefour hundredremaining

quipushave beentakenout of their context, andtheir origin is unknown (ibid.), it can

beassumedthatthequipuhasservedasophisticatedcomputationalfunctionin theInca

society.

BamanaSandWriting and African Fractals

RonEglashpresentsafew interestingpointsof view to recursionin ethnomathematics.

Thesecould be applieddirectly into ComputerScienceeducationin certainAfrican

cultures,and it might be possibleto take this idea of recursioninto other teaching

contexts aswell. Eglash(1999,223) statesthat in additionto the apparentbenefits

of utilizing indigenousknowledgefor developmentandeducationin Africa, African

fractalscanalsoserve in educationin the United States. It is his opinion that frac-

tal designtools shouldbe appliedin the curriculumof especiallyAfrican American

students,sincetheAfrican connectioncansparktheinterestto thestudyof recursion

amongthem. The Bamanasanddivination (Eglash,1997a)works asan indigenous

exampleof recursion.TheBamanadivinerspasstheoutputsof anoperationbackto it

asthenew input,anditeratetheprocessuntil certaincriteriaaremet(ibid.).

Eglash (1999) also suggestsdeveloping the African continent by interconnecting

African fractals(indigenousdesign)andmoderncomputing.He mentionsa few ex-

isting applicationssuchasa Ghanaiannationaltelevision broadcasttestpatternand

projectsin Burkina Faso that combinetraditional fractal architecturewith modern

techniques.Eglash’s vision is further still in the future. He sees"grassroots" rather

thantop-down approachasthetool for puttingAfrican fractalsto work for sustainable

development. As examplesof promisingtargetsfor development,Eglashmentions

organizingproductionandvending,decentralizedelectronicvoting (decisionmaking

in many African culturesis traditionallydecentralized)andneural-netstyledecision-

making.EglashadmitsthatneithertheAfricanfractalsframeworknordisseminationof
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informationtechnologiesofferspanaceas.Rather, hesuggests,theshift in perspective

doesnot needto be a conservative returnto the past,nor the epistemologicalequiv-

alentof an alien invasion. African fractalsoffer a framework that is both rootedin

indigenouscultures,andcross-pollinateswith new hybrids(ibid.).

Ethnocomputingseemsto beimportantespeciallyin thenew fieldsof researchsuchas

artificial intelligenceandfuzzylogic. In my opinion,though,ethnocomputinghasbeen

givena chanceonly in thenew research— or ethnocomputinghasleadto new fields

of research.Currentnormal sciencedoesnot give ethnocomputingof non-western

culturesmuch chanceto introducenew views into old themes. My opinion is that

differentculturescancontributeto thedevelopmentof conceptsandideasandenrich

them— alsoin thetraditionalfieldsof ComputerScience.

In additionto the developmentof ComputerScienceandeducation,ethnocomputing

holds anotherequally importantobjective. As UbiratanD’Ambrosio (1997) recog-

nizes,ethnoscience(ethnomathematicsin his case)meansgoing backto basicswith

thecommongoalof equityanddignity. In his opinion,theEurocentricconceptionof

sciencehasbeenimposedglobally asthe patternof "rational" humanbehavior. The

resultsof this intendedglobalizationunderthecontrolof westernpowersarefar from

beingacceptable(ibid.). Thestudyof ethnocomputingcouldencouragetheethicsof

respect,solidarityandco-operationacrosscultures.Eventually, if sciencewereequally

availableto all, ethnicallyfair by nature,andlocalculturalbindingswereadmitted,the

ultimategoalof gettingrid of theethno-prefixcouldbeaccomplished.
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6 Summary

Thepurposeof this studywasto justify theresearchof culturalperspectivesin Com-

puterScience.Theclaim wasthatthecontemporaryComputerScienceis dominantly

Eurocentric,and that this Eurocentrismfacilitatesthe digital divide andhindersthe

prospectsof ComputerScienceeducationin non-westerncultures.Themotivationto

a culturalapproachwastheassumptionthatadoptingculturalperspectivesinto Com-

puterSciencewouldbringlocal issuesinto globaldiscussion,andthushelpin meeting

thelocalneeds.

I have proposeda socialconstructivist theoryinto ComputerScience,suggestingthat

ComputerScienceis a social product,and that thereexists a dialectic relationship

betweencomputingandsociety. This claim is supportedby the socialconstructivist

theoriesin sociologyandeducationalpsychologyaswell astheideaof how scientific

revolutionsarestructured.Moreover, I havepresentedthatComputerScienceis domi-

natedby thepreferencesof theWest,andthatthisEurocentrismcanposeaproblemin

ComputerScienceeducationin non-westerncultures.

Fromthesegrounds,I havepresenteddefinitionsfor ethnocomputingandfor thestudy

of ethnocomputingas follows: ethnocomputingstandsfor computationalideasthat

have their rootswithin a culture.Thestudyof ethnocomputingis definedasthestudy

of computationalphenomenawithin a culture.Ethnocomputingdiffersfrom thetradi-

tional definitionof computingin thatwhereasthetraditionalview considersthefoun-

dationsof ComputerScienceasconstantandapplicableeverywhereassuch,thestudy

of ethnocomputingtakesthe positionthatComputerScienceis a socialconstruction,

andthusculturallybound.

All thelocal variationsof ethnocomputinghave developedto meettheneedsof a cer-

tain culture,which hasthe following consequences:first, the impact that Computer

Sciencehason theculturereflectsbackto ComputerScience,changingit — andthis

leadsto a dialecticprocesswhereComputerScienceandtheculturein which it orig-

inatesareconstantlyreshapingoneanother. Second,togetherwith the definition of

layersbetweenparticularand universalcomputing,comparisonsbetweencomputa-

tional ideasof differentculturesbecomegroundless.Theredoesnot exist a standard

for comparison,sinceevery measureis subjective,andwould only measurehow well

computingworksin aculturewhereit is applied.For example,westernstandardssuch

43



asefficiency andexactnessareusefulonly in a very limited setof problems,andthey

may becomeinsignificantif the legitimateproblemfield changes.Third, Computer

Scienceeducationcanno longer ignorecultural considerations.The educatorshave

to take into accountthe cultural andphilosophicalbackgroundof a society. Differ-

entculturesmayhave differentperceptionsof time andspace,logic, problemsolving

methods,society, values,or whichquestionsareconsideredlegitimate.

Adoptingethnocomputingcould serve severalpurposes.First of all, recognizingthe

importanceof localculturesassuchwouldhelpin ComputerScienceeducationin non-

westerncultures. This would definitely producefirst students,thenresearchersthat

have fresh,novel views on theproblemsof ComputerScience.Theseresearchers,in

turn,would contributeto thedevelopmentof ComputerScienceon thewholetowards

an ethnically fairer goal. Ethnically fairer ComputerSciencewould in its part give

developingcountriesbetterprospectsto narrow thedigital divide.

Thehardestpartof theadoptionof ethnocomputingis thepervasiveview of thewestern

philosophyas the crowning jewel of scientificevolution. Currentnormalscienceis

seenasgoodandfinal assuch,which, in the light of history of science,is clearly a

daringconclusion. Much moreprobableis that the future scientificrevolutionswill

turn the directionof ComputerScienceto directionsthat areunexpected,andso far

evenunheardof.

Ethnocomputingis a hypothesis.Thereareabsolutelyno empiricalstudieswhatso-

ever, on whetherany differencesbetweenculturesactuallyexist. Noneof thetheoret-

ical backgroundpresentedin this studydealswith ComputerScience.Thus,thenext

challengeof the studyof ethnocomputingis to testthe hypothesisby comparingthe

viewsof differentculturesonComputerScience.To accomplishthis,researchersfrom

differentculturesshouldcometogetherto find out whetherethnocomputingis just an

idea,or whetherit actuallyhassomethingto contributeto ComputerScience.
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