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Abstract

Despiteall thehypearoundthedreamof aglobalsociety thebordersof theworld have

notdisappearedRatheythey have sharpenedndchangedheir form from geograph-
ical to digital frontiers. The prevailing westernnessf ComputerScienceis a major

problemwith the ComputerScienceeducationn developingcountries.The students
notonly facea new subjectpbut alsoafundamentalhydifferentphilosophyandproblem
solving methods.In this thesis,| shall presenta new memberto the family of ethno-
sciencesethnocomputingEthnocomputinghallengeshe prevailing way of thinking

thatin orderto keepup with the West,othercultureshave to adaptto thewesternways
of thinking. Relying on constructist theories,| arguethat the universaltheoriesof

computingtake differentforms in differentcultures,andthatthe Europearnview on

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

the computationaideaswithin a culture— mayleadto new findingsthatcanbe used
in both developingthe westernview of ComputerScience andimproving Computer
Sciencesducatiorin non-westerrcultures.

ACM-classedACM ComputingClassificationSystem,1998version): K.3.2, K.4.0,
K.4.1



Foreword

Thanksto Piet Kommersand Erkki Sutinen,the initiators of the idea, without whom
thisthesiswould never have beenstarted gvenlesscompleted.

Thanksalsoto Meri, Pasiand Silva, whosecommentsn the ideahave beencrucial

for thedevelopmenbf thetext.



Contents
1 Intr oduction

2 The SocialConstruction of Reality

2.1 ConSstructism . . . . . . . . .

2.2 SociologyofKnowledge . . . . ... ... ... ... .. ... ...

2.3 SocialConstructionisnin EducationaPsychology . . . . .. .. ..

2.4 SocialConstructiorf Science

3 Ethnocomputing in Relationto Culturally Sensitve Learning

3.1 Multicultural Education. . . . . . . . . .. ... ...

3.2 DifferentApproacheso Multiculturalism

4 Ethnosciences

4.1 Theoryof Ethnosciences. . . . . . .. .. ... ... ... .....

4.2 Criticismof Ethnosciences. . . . . . . . . . . . . . . .. ... ..

5 Ethnocomputing

5.1 ComputingandSociety. . . . . ... ... ... ... .. .o
5.2 DefinitionoftheTerm . . . ... ... ... .. ... ........
5.3 RelationshiBetweentheUniversalandTheParticular . . . . . . . .

5.4 Examplesf Ethnocomputing
6 Summary

References

o o b~ b

16
16
21

24
24
27

32
32
34
36
38

43

45



1 Intr oduction

Throughoutthe history, peoplehave explored other culturesand sharedthe knowl-

edgeoftenhiddenbehindtraditions,practicesandcustoms.This exchangeof cultural
capitalhasenrichedandequalizedhe cultures,includingthe westernculture. For ex-

ample,the Greekfoundationsof Europearcivilization arethemselesfoundedupon
Black Egyptiancivilization (Pavell & Frankenstein,1997).Yet nowadaysthereexists
awidespreadonsensusf the supremayg of westernogic. In ComputerSciencelike
in mary otheracademidisciplines,mostof the literature,problemsolving methods,
andteachingmaterialare basedon the traditionsof sciencewritten by white western
males. The examplesusedin teachingalmostwithout exceptionderive from North

AmericanandEuropearcultures,andthe problemsolving methodsely on the Euro-
peanview on Mathematics.This causegproblemsin ComputerScienceeducationn

non-westerrcultures.If it canbeshavnthatcultureandsocietyconsiderablyaffectthe
way we understandhe conceptof ComputerSciencejt meanghatwe arecurrently
leaving out a significantamountof knowledgein its culturalforms.

The Internetenableghe expandingfamiliarity with the rich diversity of the human-
ity. Thoughmary peoplebelieve thatthis possibilitywill yield a pan-humarempathy
andrenderthebordersandnationsinto obsoleteartifactsof aless-informedage there
is little in humanhistory that supportsthis (Townsend& Bennett,2001). Insteadof
blurring the borders,the marchof information society hasactually sharpenedhem
(Heikka,2002). Continentsandcitieshave only beenreoiganizedon the digital basis.
Fightingthedigital divide' is for thegoodof boththe developedanddevelopingcoun-
tries (ibid.). With its limited marketsandlimited intellectualand materialpotential,
the Westwill sooncometo adead-endn developingtechnology(ibid.). The progress
of digital developmenin developingcountriescould opennen economicmarketsfor
bothsides benefitingbothsides.

In this thesis,| shall presentargumentgo justify the needfor afield of researctihat
studiesthe phenomenand applicationsof computingin different cultural settings.
This kind of cultural perspectie in the problemsolving methods,conceptualkate-

LIn this thesis,| usethe term digital divide as the division of peopleto thosewho createdigital
technology andto thosewho useit. This definitionis important,for the usersaretotally dependent
on the creators’decisionson how to governthetechnologyandarethusat the mergy of them. In my
opinion,thedigital divide canbe seeralsowithin nations,not only betweerthem.



gories structureandmodelsusedn representinglataor othercomputationapractices
is from now on referredto asethnocomputingMy interestis not historicalby nature
— | amnotinterestedn how contemporarysciencehasbeenestablished.Rather |
will try to presenthow my view on understandinghe foundationsof ComputerSci-
encediffersfrom the traditionalonethat considerghosefoundationsasconstaniand
applicablesverywhereassuch.

My intentionis to make this thesisreadabldor asmary peopleaspossibleindepen-
dently of discipline,sol have tried to elucidatethe text with a numberof notesand
footnotes.Somefamiliarity with ComputerScienceasadisciplineaswell aswith the
basicparadigmsf scientificresearchs still requiredfrom thereadey sincel will not
have achancdo analyzethosemattersverydeeply Thereadershouldalsosustaircrit-
icality towardsmy attemptto synthesizeor move betweenparadigms.l have chosen
thisapproactdueto thefactthatnoneof the basicparadigmsaregoodassuch,andso
| have decidedo usesuitablepointsfrom afew of them.| shallleave theparadigmatic
discussiorto beexaminedater.

Thisthesigakesthreedifferentperspectiesin ethnocomputingFirst,ethnocomputing
Is seerfrom a constructist angle,secondfrom amulticulturalisteducationapoint of
view, andthird, asa memberof the family of ethnosciencesl'he secondchapter The
SocialConstructionof Reality, dealswith thetheoreticaframework for this study and
outlineshow the construcwist paradigmhasbeenusedin thisthesis.Theworksof Pe-
terBergerandThomad.uckmann( TheSocialConstructiorof Reality), ThomasKuhn
(TheStructue of ScientificRevolutiong, andLev Vygotsky (Thoughtand Language)
areemphasizeth chaptentwo.

The third chapter Ethnocomputingn Relationto Culturally SensitiveLearning in-

troducessomebackgroundor multicultural education followed with an analysisof

differentviews towardsit. JamesA. Banks’ views are broughtout frequently but

Banksis indeedregularly quotedin mary of the studieson multiculturaleducationln

thethird chapten shalltry to addressheissueof ethnicallyfair educatiorin Computer
Science.

Chapterfour, Ethnosciencegliscusseshe backgroundf ethnoscienceandcriticism
towardsthem,andexplainsthe choicesthat| have madein definingethnocomputing.
Theworksof UbiratanD’AmbrosioandMarciaandRobertAscherhaveinfluencedhe
fourthchaptethemost.Sinceultimatelymy aspiratioris to legitimateethnocomputing



asa memberof the family of ethnoscienced,will try to setup a framework for my
futurework on the subject.

The fifth chapter Ethnocomputingbinds the topics of the earlier chapterstogether
with the contemporarywiew on computingclaimingthatthereis a needfor a cultural
view on computationatoncepts.In chapterfive, | alsopresenimy view on therela-
tionshipbetweeruniversalandparticularcomputinganddefinehow ethnocomputing
canbeseenaslocal variationsof a universaltheory Finally, in chapteffive,| present
few examplesthat| regardasethnocomputingWhenjustifying the needfor a cultur-
ally boundview on computing,my sourcesvary from classicfKuhn,1962;Bemger &
Luckmann1966)to populararticles(Heikka,2002),from theoryof computing(Lewis
& Papadimitriou,1998)to multicultural education(Banks,1999),andfrom compro-
mises(ACM, 2001)to extremeradicalism(Hodgkin,1976).1 do notthink this variety
posesa problem,sincel seethis thesisasa groundsurwey for my future work, andit
would be shortsightedo restrictthe view too muchatthis point.

| shallague thatrecognizingcultural differencesn ComputerSciencewould reveal
new perspectieson the scientificquestions.Researchof culturally boundcomputa-
tionalideascouldaddresshe problemof ComputerSciencesducationin non-western
countriesby bringing the local cultural aspectsnto teaching. The samelocal views
could be usedalsoin global collaboration,possiblywidening otherviews on Com-
puterSciencefoo. This kind of a new view is neededn ComputerSciencenot only
becaus€ComputerScienceis a major factorin broadeninghe digital divide, andan
ethnicallyfairerview couldhelpto bridgethegap,but alsobecaus¢éhenew view could
helpin promotingnovel intellectual,innovative ideasin ComputerSciencegdeepening
andwideningalsothewesternunderstandingf thetheoryof computing.



2 The SocialConstruction of Reality

My view on the epistemologyf computingowesgreatlyto PeterBergerandThomas
Luckmanns$ (1966)work with the sociologyof knowledge. Throughoutthis thesis,|
shalltry to bring out the dynamicsthat arisesfrom the dialectic natureBerger and
Luckmannétheorydepicts.Accordingto thistheory societyis seemasa humanprod-
uct, andpeoplearecorrespondingly productof a society Thoughl will try to avoid
usingambiguougparadigmatitcerminology , in thischapteiit cannoffully beavoided.
This chapterintroducesconstructvism, the sociologyof knowledgeandthe theoryof
the social constructionof reality, andtheir view on how languageand culture shape
our way of parsinginformation,understandingheworld, comprehendinghformation
et cetera. This theoreticalframenork is usedlaterin this thesisto describethe ways
societyandculturedeterminesion ComputerSciencads interpreted.

2.1 Constructivism

Fromthedawn of the historyof westernphilosophythenatureof knowledgehasbeen
debated Accordingto EsaSaarinen(1985),Platodividedthe world into two realities
apartfrom eachother:onephenomenahndoneabsoluteandeternal.Platos ideawas
thatthe phenomenaforms are only imperfectreflectionsof the eternalandabsolute
ones(ibid.). Aristotle agreedwith this, but claimedthatthe individualsreachthe uni-
versalsin particularsandthushe concentrate@n processesatherthanideas(ibid.).
NormanDenzinandYvonnaLincoln (1994)write that during centuriesthe answers
to questionssuchas "what is real?", "what is the relationshipbetweerthe inquirer
andtheknown?', and"how do we gain knowledg of the world?" have developedinto
differing schoolsthatunderliethe researclof the scientists.Thesearecalledontolay-
ical, epistemolgical, andmethodolgical questionsyespectrely (ibid.). The choice
of whatschoolto follow leadsto a choiceof a setof valuesin sciencealso. "Thereis

2RatherthanrelyingonHegel'sideaof dialecticsasthesis-antithesis-synthesiis thisthesisdialectic
processs understoodisa courseof changethroughthe conflict of opposingforces,which is closerto

thecritical-MarxianideathanHegel'stheory(Guba& Lincoln, 1994).
3For example,DenzinandLincoln (1994), Schwandt(1994)and Heiskala(2000)all agreethatthe

terminologyin somesociologicalfieldshasnotyetbeenfully establishedTheterrainof constructvist
approachess marked by multiple usesof the term constructivism(Schwandt, 1994). Also the term
socialconstructivisnseemsalmostto have alife of its own (Heiskala,2000).



no value-freescience" DenzinandLincoln state. The claim of mary naturalscience
researcherfhattheir sciencds value-freds in itself a valuestatement— a positivist
one,to beexact.

ThomasSchwandt (1994) presentgshe constructvist paradigmexplaining that con-
structvistsbelieve thatto understandhis "world of meaning'onemustinterpretit. He
continueghatconstrucwistsseethataninquirerof the phenomenaf the world must
elucidatethe processof meaningconstruction.Moreover, the inquirer hasto clarify
what meaningsare embodiedin the languageand actionsof social actors,and how
they are embodied. Constructvists, Schwandt claims, are deeplycommittedto the
view accordingto which whatwe take to be objectve knowledgeandtruth is a result
of perspectie. They are principally concernedvith mattersof knowing and being,
not methodologyper se— in constructvists’ opinion, knowledgeandtruth are cre-
ated,not discoveredby the mind (ibid.). Simplified,the obsenrer actuallycreateshe
knowledge.

Theconstructvist view ontheworld is pluralisticin thesensehatrealityis expressible
with avariety of symbolandlanguagesystemsandplasticin the sensdhatreality is

stretchedandshapedo fit purposefulctsof intentionalhumanagentgibid.). In other
words,constructvistsbelieve thatreality manifestdo peoplein differentformsthatare
constructedo meetthe humanneeds.

Schwandts (1994)notion thatin a sensewe areall constructvistsif we believe that
themindis active in the constructiorof knowledgeis notwidely disputed.Most of us
would agreethatknowing is not passve — a simpleimprinting of sensorydataon the
mind — but active; the mind doessomethingwith theseimpressionsat the very least
it forms abstractionsand concepts Schwandtnotes. In this sense Schwandtwrites,
constructvism meanghat humanbeingsdo not find or discover knowledgeso much
asthey construcior make it. He addsthatwe inventconceptsmodels,andschemeso
malke sensef experiencesnd,further, we continuallytestandmodify theseconstruc-
tionsin thelight of new experience Also AnnemarieSullivanPalincsar(1998)writes
thatvirtually all cognitive sciencetheoriesentail someform of constructvism to the

4Positvism meansherea paradigmin which an apprehendablesality is assumedo exist, andthe
reality is driven by immutablenaturallaws and mechanismsin the positvist paradigm researctcan
convergeonthe"true" stateof affairs. Theinvestigatorandthe objectof investigationarethoughtto be
separateentities,andthe investigatoris capableof studyingthe objectwithout influencingit, or being
influencedby it (Guba& Lincoln, 1994).



extentthatcognitive structuresaretypically viewed asindividually constructedn the
procesf interpretingexperiencesn particularcontexts.

GubaandLincoln (1994)statethatthe constructvist paradigmassumeselativiston-
tology. In relatvist ontology they continue realitiesareapprehendable the form of
multiple, intangiblementalconstructions.The realitiesare socially and experientally
based.Thattherealitiesarelocal andspecificby naturedoesnotimply thatelements
couldnot be sharedamongmary individualsor evenacrosghe cultures(ibid.) — we
will cometo thisin 2.2. DenzinandLincoln (1994)statethatthe constructvist episte-
mologyis subjectvist andtransactionali.e. knower andwhatsheor he knows create
understandings the processof the investigation. This notion of constructvist epis-
temologyis usedlaterin the definingof the conceptof ethnocomputingsrelatvist,
culturally boundanddialecticalby nature.

Whenpresentingritiqueof constructvism, Schwandt(1994)raiseshequestiorof the
constructvists’ bid to arguefrom a psychologicatlaim to anepistemologicatonclu-
sion. Thatis, the construcwistsclaim thatthe processof knowledgedoesnotapplyto
areal,independentvorld, but only to our own constructingprocessesThe difficulty
hereis how to accountfor the factsthatfirstly, knowledgesometimegakesthe form
of theoreticalproduction;secondly knowledgeis somehav availableto individuals;
andthirdly, knowledgeis oftensharedandtransmittedibid.). In otherwords,how can
knowledgethatdoesnot exist anywhereelsethanin theindividual’'s mind be sharedr
inferred?Without BergerandLuckmanns (1966)work with thesocialconstructvism,
the constructvist paradigmwould betoo impracticalfor this thesis.

2.2 Sociologyof Knowledge

PeterBergerand ThomasLuckmanns theoryof social constructionof knowlede re-
spondgo Schwandts (1994)criticism, but the tensionbetweenclaiming that knowl-
edgeis the propertyof individual mindsandthe view thatknowledgecanbe publicly
sharedjs still evident(ibid.). In generaljnsteadof focusingon the matterof individ-
ualmindsandcognitive processesocialconstructwiststurntheir attentionoutwardto
theworld of inter-subjectvely sharedsocialconstruction®f meaningandknowledge
(Denzin& Lincoln, 1994). In short,socialconstructvists areinterestedn language
andothersocialprocessethatgenerateneaningandknowledge.



Aittola and Pirttila (1986) note thatit is often thoughtthatit wasMax Schelerwho
solidifiedsociologyof knowledgeasanindependendiscipline.Scheler— Aittola and
Pirttila write — establishedhe searchof interest-freedeologicalknowledgeasthe
main task of sociologyof knowledge. Berger and Luckmann(1966), on their part,
introducethe problemof sociologyof knowledgewith allegoriesto anaverageperson
in the street,a philosopheranda sociologist. They statethatthe averagepersondoes
not ordinarily becometroubledaboutwhatis realto heror him or aboutwhat he or

sheknows, but takesheror his reality andknowledgefor granted.For example,he or

shemightthink thatthey posses$sreedomof will. Thephilosopherontheotherhand,
is professionallyobligatednot to take anything for granted,andto obtain maximal
clarity asto the ultimate statusof what the personin the streetbelievesto be "real-
ity" or "knowledge". The philosopherhasto ask questiondike "what is freedom?;
"is manfree?"or " "how canoneknowthesethings?"(ibid.). The sociologist,Berger
and Luckmannstate,is in no positionto supply answerdor thesequestions.How-

ever, the sociologisthasto askwhetherthe differencebetweerthe two "realities” of

the commonpersonandthe philosophemay not be understoodn relationto various
differencedetweertheir two societies Hence the sociologistwill needto askhow it

is thatthe notionof "freedom"hascometo betakenfor grantedn onesocietyandnot
in anothey how the "reality” of this notionis maintainedn the one societyandhow,

evenmoreinterestingly this "reality” may onceagainbelostto anindividual or to an
entirecollectvity. Whatis "real" to a Tibetanmonkmaynotbe"real" for anAmerican
businessmalibid.). The sociologyof knowledgewill have to dealwith boththe em-
pirical variety of knowledgein humansocietiesandthe processethroughwhich any
bodyof knowledgecomeso be sociallyestablisheés"reality" (ibid.).

Accordingto Aittola andPirttila (1986),themostcentralprocesses BergerandLuck-
mannsview onthesocialconstructiorof reality areexternalization objectivationand
internalization In externalization Pirkkoliisa Ahponen(2000)clarifies,an active in-
dividual createghe societywith heror his contribtution. Objectvationis the process
wherethe orderof everydaylife comesto be understoodasever-existing (ibid.). Ah-
ponenstateghatthe mostimportantelementf objectvationarecomprehensioand
attachindinguistic meaning.Internalizatioror socializationshecontinuesjs the pro-
cessin which individualsadoptthe socialreality, thatthey experience asobjectve.
Finally, reificationis the processn which theinternalizechumanproductionsareun-
derstoodasif they weresomethingptherthanhumanproduct(ibid.) (Figurel). Ahpo-
nen(2000)writesthatexternalizationoccursin the processewhereoneis confronted



with anew socialsituationandwherehe or sheestablishea personatelationshipwith
thesituation. As an exampleshementionsmeetingnew friendsor startinga new job.
Shecontinueghaton the otherhand,externalizationis alsoa partof thoseprocesses
thatensureheinstitutionalcontinuity of socialrelationshipsmaintainingfriendships,
everydayworking, or payingincometax.

reality

Internalization

Socijal
reality

Objectivation \

Everydayy Externalization
event

Figurel: Processesf thesocialconstructiorof reality.

Reification

BemgerandLuckmann(1966)specifythatit is importantto keepin mind thatthe ob-
jectivity of the institutionalworld, however massve it may appearto the individual,
is a humanlyproducedgconstructedbjectvity. They emphasizeéhattherelationship
betweenman, the producey and the socialworld, his product,is and remainsa di-
alecticalone. Thatis, the collectvities andthe socialworld interactwith eachother
continuouslyreshapingeachother Externalizatiorandobjectivationaremomentsn
this continuingdialecticalprocesgibid.). In summarythe externalizedexperience?
attainthe charactemof objectvity throughthe objectvation procesgibid.). The third
processinternalizationfixatesthe objectivatedsocialworld into consciousness the
courseof socialization(ibid.). Bemger andLuckmannnotethat herewe clearly seea
paradox:manis capableof producinga world thathe thenexperiencesassomething
otherthana humanproduct! Aittola and Pirttila (1986) summarizethat the society
andthewholesocialreality in BergerandLuckmannstheorycanbe seenasadialect
betweerobjective andsubjectve, wherepeoplecontinuouslyrecreataeality with their
work andactions.

Risto Heiskala(2000) stateshatwhenBermger and Luckmanns theory of socialcon-
structvismwaspublishedthetermsocialconstructvismwasrapidly extendedo cover

SExternalizedexperiencesareananthropologicahecessityhumanbeingsmustongoinglyexternal-
ize themselesin activity (Berger& Luckmann,1966).



muchmoretopicsthanBemger and Luckmannhadintendedto. Heiskalaalsoclaims
thateventhoughBergerandLuckmannconsideltheir theoryto concentrat®n sociol-
ogy of knowledge,they definesociologyof knowledgequite extensiely. This study
usesonly arestrictedsetof whatis thoughtto belongto thefield of researcha setthat
is definedlaterin this chapter

Heiskala(2000) questionBerger and Luckmanns ideaof first presumingthat indi-

vidualmindsarticulatemeaningandonly afterthatexaminingthe structureghathave
detachedrom intentionalconscienced-eiskalanotesthatin thesamemanneyor even
morerealistically it could be assumedhatthe individual consciencesareformedby

somegreaterstructures. The individual mindswould then never have the chanceto

form a comprehensie conceptiorof the structureghatcontrolthem(ibid.). Ahponen
(2000)writesthatin BergerandLuckmannstheoryface-to-&ceinteractionis consid-
eredtherealinteraction andthatall theotherformsof interactionarederivativesof the
face-to-acesituation. Heiskala(2000) pointsout thatespeciallyin a masscommuni-
cationsocietyit is uncleawhetheiit is reasonabléo assumdace-to-aceinteractiono

betheprototypeof meaningnterpretation He alsostateghatthe Frenchculturalanal-
ysistakesa critical positiontowardsBergerandLuckmanns premisethatthereexists
a dialecticalrelationshipbetweenthe objectve and subjectve cultural realities. The
premisemightbewrongin thattheremightnotevenexist ary relationshipbetweerthe
two realities.

2.3 SocialConstructionismin Educational Psychology

KennethGegen (1985) lists four assumption®f social constructionismn psychol-
og)P. First, hestateghatwhatwe take to be experienceof theworld, doesnotin itself
dictatethe termsby which theworld is understoodAs BernardGuerin(1992)putsit,
our relationswith the world do not alwayscorrespondo the actualworld. Positvist
criticism hasraisedquestionsuchas"How cantheoeetical categoriesbe inducedor
derivedfrom observation,f the processof identifying observationalattributesitself
relieson one’s possessingategories?"and"How cantheoletical categoriesmapor

6KennethGegen (1985) holdsto the term "constructionism" noting that "constructvism" is also
usedin referringto the Piagetiartheory to aform of perceptuatheory andto a movementof the 20th
centuryart. Gegenstermis usedin this chaptey althoughtherewould not be a real risk of unclarity
with theterm"constructvism" either



reflecttheworld if ead definitionusedto link category andobservationtselfrequires
adefinition?"(Geigen,1985).Actually, Gelgenstatestherearemary casesvhereob-

jective criteriafor identifying "behaviors”, "events”,or "entities"areshavn to beeither
highly circumscribedy culture,history, or socialcontext, or altogethemoneistent.

Gemgen’s secondassumptions thatthe termsin which theworld is understoodireso-
cial artifacts,productsof the historically situatednterchangesmongpeople.In other
words,the termswe have to explain the world with arealsosocialproducts(Guerin,
1992). Gegenwritesthatconception®f psychologicaprocesdiffer markedly from
one cultureto anothey andthey all invite us to considerthe social origins of taken-
for-grantedassumptiongboutthe mind. For example,conceptsof "romanticlove”,
"child", and"self" have undegoneseriouschangeduring history, and have different
implicationsin differentcultures. Gegens first two assumptiongnvite oneto chal-
lengethe objective basisof naturalsciences.

Thethird assumptiorGelgenmakesis thatthe degreeto which a givenform of under
standingprevailsor is sustaineécrosdimeis notfundamentallydependenbntheem-
pirical validity of theperspectiein questionput onthevicissitudef socialprocesses
(e.g.,communicationnegotiation,conflict, rhetoric). Thatis, whethera knowledgeis
maintainedor not candependasmuchon socialexchangesson the nonsocialenvi-
ronmentGuerin,1992).Puttingthis ideainto the context of socialinteraction Geigen
statesthat the rulesfor "what countsaswhat" are inherentlyambiguousand contin-
uouslyevolving. For example,whetheranactis definedaserwvy, flirtation, or anger
floatson aseaof socialinterchangeAs thesocialrelationshipshangeinterpretations
changealso.

Gegensfourthassumptioris thattheformsof negotiatedunderstandingreof critical
significancen sociallife, asthey areintegrally connectedvith mary otheractwvities
in which peopleengage.Knowledgethatis constructedsocially cannotbe separated
from othersociallife. As anexampleGelgenmentionsthatthe opening'Hello, how
areyou?"is typically accompaniedby a rangeof facial expressionsbodily postures,
and movementswithout which the expressionwould seemartificial. Altering these
expressionsvould causeproblemssuchasmisunderstandinthe meaningof the situ-
ation. Gegens lasttwo assumptionsgjuestionthe ruleswithin scientificcommunities
thatdeterminewhatis countedasfacts. Gelgenstateshat obsenration of naturalsci-
entistshasshovn thatwhatis passedas”hardfact” in the naturalsciencestypically
depend®n a potentarrayof socialmicroprocesses.
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Irene Chen(2002)writes that therearetwo major strandsof the constructionisper

spectve in education: cognitive constructionismand social constructionism. She
writes that cognitive constructionisms basedon the work of Swissdevelopmental
psychologistleanPiaget. Piagets theory hastwo major parts: an "agesandstages”-
part that predictswhat children can and cannotunderstandat differentages,and a

theoryof developmenthat describeshow childrendevelop cognitive abilities (ibid.).

Chenwrites that anothercognitive psychologistLev Vygotsky, sharedmary of Pi-

agets assumptionsf how childrer’ learn,but he placedmoreemphasisn the social
contet of learning. In Vygotsky's theoriesboth teachersand older or more experi-

encedstudentgplay very importantrolesin learning(ibid.). Chennotesthatthesetwo

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

for an active, involvedteacher Accordingto Vygotsky, culturegivesthe studentthe

cognitive tools neededor development.Trish Nicholl (1998)arguesin herarticle on

Lev Vygotsky thatof the psychologicatoolsthat mediateour thoughts feelings,and
behaior, languages the mostimportant. Shecontinuesstatingthat culture provides
basicorientationgthat structurethe behaioral environmentof the self. It is through
languagdhatwe constructreality: define,shapeandexperienceit (ibid.). Thesethe-

ories presenta psychologicalangleon constructvism thatis well in line with other
constructvistideasl have selectedor thisthesis.

Lev Vygotsky (1986)distinguishesonceptsnto two groups:scientificconceptsand
spontaneousoncepts.The former onesare gainedthroughsystematicallyorganized
learningin aneducationasetting,whereaghelatteremegefrom peoples own reflec-
tionson everydayexperiencegibid.). Vygotsky madethis apointin orderto amguethat
scientificconceptsfar from beingassimilatedn aready-madéorm, actuallyundego
substantiablevelopment,which essentiallydependon the existing level of peoples
generahbility to comprehenaoncepts.

SpontaneousonceptsyYygotsky statesjn workingtheirway "upward"towardgreater
abstractnesg;leara pathfor scientificconceptsn their downward developmentto-
wardgreaterconcretenes@bid.). As Harry Daniels(1996)putsit, theeveryday(spon-
taneous)onceptsare seento bring the embeddedichnessand detailedpatternsof
significationof everydaythinkinginto the systemandorganizedstructureof scientific

"ThoughVygotsky writesof childrenslearning theideasareapplicableo adultlearningalso(Tharp
& Gallimore,1992).1 assumé¢hatPiagetswork is alsoapplicableo adultlearning,andl shallhereafter
use"person”or "student'insteadof "child".
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concepts As they meige with everydayreferentsscientificconceptsometo life and
find a broadrangeof applicationgibid.). TharpandGallimore(1992,108)claim that
in a neo-Vygotskiarinstructionalapproachit is necessaryo ensurethataninterface
betweenhe scientificconceptsandeverydayconceptss provided. It is onthatinter-
facethatthe highestorderof meanings achieved (ibid.). Thisthemecomesup again
laterin thisthesisin the contexts of multiculturaleducatiorandproblemswith thelack
of discontinuitybetweerschoolsandhome.

In hisinfluentialcollectionof essaysMind in Society Lev Vygotsky (1978)makesan
argumentthatlearningis not development.However, he saysthatproperlyorganized
learningresultsin mentaldevelopmentandsetsin motiona variety of developmental
processethatwould beimpossibleapartfrom learning(ibid.). Learningis anecessary
anduniversalaspecbf the procesf developingculturally organized specificallyhu-
man, psychologicafunctions(ibid.). Learningawakensa variety of internaldevelop-
mentalprocessethatareableto operateonly whena personis interactingwith people
in his environmentandis in cooperatiorwith his peerg(ibid., 90).

Fromthesocialconstructionisperspectie, separatingheindividual from socialinflu-
enceis notregardedaspossible(Palincsar 1998). The socioculturakontetsin which
teachingandlearningoccurareconsideredritical to thelearningitself, andlearningis
viewedasculturallyandcontextually specific(ibid.). Furthermoregognitionis notan-
alyzedasseparatérom social,motivational,emotional andidentity processesndthe
studyof generalizationms studyof processegtherthanstudyof personabr situational
attributes(ibid.).

What unifiesdifferentpostmoderrconstructionisperspectiesis the rejectionof the
view thatthelocusof knowledgeis in the individual; learningandunderstandingire
regardedas inherentlysocial; and cultural actiities andtools (rangingfrom symbol
systemgo artifactsandto languagegareregardedasintegralto conceptuatievelopment
(Palincsar1998).Thissupportstronglytheideaof culturallysensitvelearning which
is connecteavith ethnocomputindaterin thisthesis.Fully developedconstructionism
couldalsofurnishameandor understandinghe procesof sciencgGeigen,1985).

12



2.4 SocialConstruction of Science

Scienceif anything, is popularlythoughtto be somesortof anextremeform of knowl-
edgeyetonly asmallfractionof peopleunderstandthelanguagef sciencepris able
to expresstheir thoughtsin a theoreticaform. Quite the contraryto this understand-
ing of knowledge BergerandLuckmann(1966)statethatthe sociologyof knowledge
must concernitself with everythingthat passedor "knowledge"in society Bemer
andLuckmanncontinuespecifyingthat "ideas",theoreticalthought,are not that im-
portantin society In their view common-sensknowledgeratherthanideasmustbe
the centralfocusfor sociologyof knowledge.My studyemphasizetheimportanceof
understandinghe social constructionof the theoreticalformat of scientificrepresen-
tation,andseeinghow this understandingnasbeenshapedoy a very limited segment
of society Being sketchedandelaboratedy white, westernmiddle andupperclass
males,our (western)notion of scienceis inevitably a biasedone (Nieto, 1992,301).
Michael Apple (1993)evenstateghatevery definition of knowledgeis a site for con-
flict over the relationsbetweencultureandpower in class,race,genderandreligious
terms.

Guba(1990)definesthe conceptof paradigmasa basicsetof beliefsthat guidethe
actionsof theinvestigator A paradigmencompassdfreeelementsontology episte-
mologyandmethodologyDenzinandLincoln (1994)notethatthenatureof paradigms
is thatthey dealwith first principles,or ultimates,andthus mustbe acceptedsimply
onfaith; thereis no way to establishtheir ultimatetruthfulness.f therewere,Denzin
andLincoln continue thephilosophicablebateseflectedalsoherein thisthesiswould
have beenresohedmillenniaago.Beinghumancreationsparadigmsaresociallycon-
structedandthusculturally bound. ThomasKuhn(1962)agreeswith this, writing that
paradigmsarenothingbut agreementamonga scientificcommunity andthey lastfor
alimited time. Stanlegy Fish (1989)goesfurther, claiming that reality is the resultof
thesocialprocesseaccepte@snormalin aspecificcontect, andknowledgeclaimsare
intelligible anddebatablenly within a particularcontext or community?. Theprocess
of pushingthe locationof scientificthoughttowardsa local culture,e.g. holding that
bothfailure andsuccessn scienceareresultsof socialconstructiorof knowledge,is
alsocalledcultural constructiorby someauthorgEglash,1997a).

My hypothesiss thatBemgerandLuckmanns (1966)theoryof socialconstructiorof

8Fish's long andabstrusergumentis putin this form by Schwandt(1994).
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reality holdsalsoin ComputerScience.lf thisis thecase|t leadsto a claimthatman
is capableof producingsciencethat he thenexperiencesas somethingotherthanhu-
manproduct(cf. Berger andLuckmanns notion of objectvation andinternalization
processes)n thelight of this hypothesisthe processf socialconstructiorof science
would thusbe asfollows: first, manproducesandpublishesa scientificreport(exter-
nalization);then,the scientificstudy whenrepeateandreferredto repeatedlywould
attainthecharacteof "objective science'{objectvation). Then,theobjectvatedscien-
tific studieswould, in thecourseof internalizationpeadoptedasobjective knowledge;
andlastly, they would beunderstoodby peopleassomethingrtherthanhumanproduct
(reification).

Sincemostof the knowledgederivesfrom experiencegBerger & Luckmann,1966),
one of the challengesof ethnocomputings — to an appropriateextent— to trans-
late this subjectve, culturally bound,and usually hiddenknowledgeinto conceptof
ComputerScience. Supposedlyin mary casesthe currentparadigmsof Computer
Sciencdack the power of expressiorfor the wide variety of differentcultural knowl-
edge. Somereasonswhy the currenttheoryof computinghasbecomedominantare
thatthe westerncomputingis profoundlyintertwinedwith the westernMathematics,
andthatthe currenttheoryhasprovedusefulin the westernsocieties.Of course this
shouldnot be usedto justify the supremayg of the westernview on ComputerScience
over otherpossibleviews, sincethis would clearlybe circularreasoningit only showvs
that a productof westernculture works well in westernculture. Unfortunately this
argumentis rathercommon.

Lorraine Code(1991) adheredo the claim that alongwith other characteristicsthe
genderof the knower is significant,too. Shestateghatacademiconversationsabout
knowledgecommonlytreat"the knower" asa featurelessbstraction.In her opinion,
sciencehasa putatvely self-evident principle that truth, oncediscernedand knowl-
edge onceestablished;laimtheir statusastruthandknowledgeby virtue of aground-
ing in or coherencewithin a permanentpbjective, ahistorical,and circumstantially
neutralframework or setof standards.However, sinceknowledgeis both subjectve
and objectve, Codestates,also the genderof the knower is epistemologicallysig-
nificant. However, her opinionis that not only one circumstancesuchassex of the
knower, beargheentireepistemologicaburden but thatdifferentcircumstancesom-
binea clusterof subjectve factors.
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The resistanceowardsnon-positvist® study derivesfrom the "everpresentdesireto

maintaina distinction betweenhard scienceand soft scholarship'(Carey, 1989,99).

Positvist sciencege.g. physics,chemistry and economics)are often seenas the

crowning achieementof westerrcivilization, andin their practicest is assumedhat
"truth" cantranscenapinionandpersonabias(ibid.). Objectvity, quitepreciselycon-

strued,is commonlyregardedasa definingfeatureof knowledgeper se(Code,1991).
However, in this study the non-positvist algumentsare essential. The construction
of knowledgeis hereseenasan inter-subjectve processanda dialecticrelationship
betweenheindividual andthe society aswell asbetweenComputerScienceandso-

ciety, is assumedSocietyis to someextentshapedoy changesn ComputerScience,
andComputerSciencearisesrom the society

9Although non-positvist schoolsdiffer in their epistemologicaviewpoints,they areunitedby their
commonrejectionof the belief thathumanbehaior is governedby generallaws andcharacterizedby
underlyingregularities(Cohen& Manion, 1985). Moreover, they would agreethat the social world
canonly beunderstoodrom the standpoinbf theindividualswho arepartof the ongoingactionbeing
investigatedibid.).
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3 Ethnocomputing in Relation to Culturally Sensitve
Learning

Computersand ComputerScienceare definitely one of the significantfactorswiden-
ing the regional income gap (Heikka, 2002). Like the telecommunicationndustry
contributedto wideningthe economicgapbetweertherich andthe poor, the Internet
may follow a similar pattern(Chon, 2001). The inherentvaguenes®f the concept
"West" (Hall, 1992)that hasthe privilege to technology easeshe broadeningf the
digital divide even further. The only way to slow down the separatiorprocesshe-
tweencomputedliterateand-illiterate peoplewould be to give an equalpossibility of
computerseducatiorto everyone.In the United Statestherearealreadycriesfor eth-
nically fair'® educationalsoin sciencenot only in humanities.Hopefully, the study
of the ethnicalrootsof computinghelpsin speedingup this process Ethnocomputing
offersatool for developinga multiculturalapproachn ComputerScienceeducation,
recognizingthe influenceof societaland cultural backgroundon learningComputer
Science.This chapterintroducessomedimensionof multiculturaleducationaswell
asthe studyof ethnocomputingsa multiculturaleducationamovement.

3.1 Multicultural Education

Most of the studiesin multicultural educationhave taken placein the United States,
anddealtwith the problemsof educationin the Americanmulticulturalsociety Even
thoughthis narravs the viewpoint down to the Americancontext, thesestudiesreflect
thegeneraliew on culturalaspectsn educationandcanthusbeusedalsoin thestudy
of ethnocomputing.Still, |1 seethat studyingethnocomputingand using the results
gainedis easiesin amonoculturakocietywith acoherentultureandvaluesystemsl
assumehata coherentulturewould helpin identifying uniquefeaturesn a particular
ethnocomputingandthatthe resultscould thenbe usedwith a greaterconfidencen
thatall themembersf thatparticularsocietyarefamiliar with the concepts.

William Safran(1994)writes aboutculturalminoritieswithin a dominantculture. He

10Banks (1999) usesthe term ethnicallyfair in a multicultural educationevaluationchecklist. No
cleardefinitionfor the term hasyet beenestablished Here "ethnicallyfair" standsfor somethingthat
is equallyavailableto everybodyregardlesf race,languagereligion, or such,with the sameeaseor
work contrikbution.
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stateghatratherthanmulticulturalism, cultural pluralismt! maybeaforcefor moder
nity becausdé accordsaplaceto ethnicminority culturesthatmayin certaininstances
be moreadwancedthanthe cultureof the majority. He continuesclaiming that multi-
culturalismmaybeanti-moderrnn someoccasionsTheviewpointof this studyis that
a choicebetweemmulticulturalismandcultural pluralismis not neededsinceneither
of themblocksout the introductionof new perspectiesto education.ln my opinion,
multiculturalistapproachn sciencesducatiorhasbothsocietalandscientificbenefits.
First, it meetsa socialdemandguaranteeingvery studentan equalchanceto excel-
lence,and second differentapproacheso scientific problemsmay also bring along
noveltiesin sciencan form of new approacheto scientificproblems.

CameronMcCarthy (1998) criticizes the Americanschool curriculum for its Euro-
centrisnt? andwesternnessHe stresseshatthe challengeof multiculturalismis the
critical challengeof curriculumin postmoderrtimes. He also calls attentionto the
urgentneedto rethinkthe currentprivileging of Eurocentriadeasin the contemporary
Americanschoolcurriculum. The rethinking processhe states muststartfrom the
schooltextbookandthe processof textbook productionon the whole. In my opinion,
seeingcomputingas subjectve knowledgewould meana fundamentathangen the
wholeprocesof ComputerSciencesducation.

SoniaNieto (1992,301) notesthatoneof the hindrancesn multiculturaleducationn
the United Stateqaswell asin mary Europearcountries)s thateducatiorhasnowa-
daysbeencanonized’. Thecanonassumeshatthe mostworthy knowledgeis already
in placein the curriculum. Knowledgein this context is inevitably Europeanmale
andupperclassin origin andconception.Particularlyin the United States Computer

UThepoliciesof multiculturalismclearlyconstitutearecognitionof thesensitvities of ethnicor racial
minorities,andstressaffirmative actionandascriptive (asopposedo merit-basedjecruitment Cultural
pluralism, on the other hand,is premisedon that ethnic groupsshouldbe maintainedas identifiable
constituent®f a nation,becausef the uniquecontritutionsthey make to therichnessandvariety of the

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

peanculturaldependenciesGeoge G. Joseph(1997)definesEuropearculturaldependencieasthose
countries,which are mainly inhabitedby populationshaving Europeanor similar roots: The United

StatesCanadaAustralia,andNew Zealand.JosepmamesEurocentrismas"intellectualracism".
13JamedA. Banks(1999)explainscanonasastandardr criterionusedto define,selectandevaluate

knowledgein the schoolanduniversity curriculumwithin a nation. Nieto (1992)writes only aboutthe
curriculumin theUnitedStatesput in thecourseof thestandardizatioof theEuropearbachelodegree,
thevarietyin contemporarfuropearcurriculawill alsomostprobablyvanish.
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Scienceeducatordave goneasfar astrying to totally canonizethe curriculum. The
computingcurriculumpresentedby ACM (ACM, 2001)hasa broadview on comput-
ing, andit pointsoutmary goodaspectsSitill, it is my opinionthattheideathatevery
institution shouldhave the samecourseswith the samecodes aimsat creatingan ul-

timate canonthat definesthe only worthy knowledgenow andin the future. Only if

theeducatorperceve thereportassuggestie ratherthandeterminingwill thereport
succeedn its goalsto be"internationalin scope“and”broadlybased”| cannotreally
seearything "broadlybased'in definingonly onepossiblepathfor graduation.

The problemswith canonizationin studiesother than Computer Scienceare the
narrav-mindedview on the subject,andthe discontinuitybetweenwhat studentsex-
perienceat homeandwhat they experienceat school. For example,Gloria Ladson-
Billings (1995, 207) points out that sociolinguisticshave suggestedhat if students’
homelanguagas incorporatednto the classroomthey aremorelikely to experience
academisuccessl would assumehatto maximizeefficieng, ComputeiSciencesdu-
cationin developingcountriesshouldtake thisinto account CarlosTorres(1998)men-
tionsthatthe proponent®f liberal multiculturalismarguethatliberal multiculturalism
will increasdairnesdy representingherangeandrichnesf differentethnicities.In
addition,liberal multiculturalismincreasesoleranceby exposingstudentgo multiple
perspectiesin themeaningof history (ibid.).

Banks(1999)criticizesthe critics of multicultural educationrmovementfor oversim-
plifying the concept.He mentionshearingopinionssuchas"Math is math,regardless
of the color of the students'on the part of scienceteachers."An if-then-statemenis
alwaysthe samein all universesno matterhow it is taught# is acomputerscientists’
commentequivalentto the aborementionedne. Indeed this criticism unconsciously
bringsup my pointthatthelearningprocessethemselesarecrucialfactorsn thecon-
ceptconstructionRelyingonthe socialconstructionistheoriesn education] believe
thateffective teachingdepends lot on how familiar the conceptsareto the students,
andthathow conceptsaretaughtshapesheway theinformationis understoodBanks
(1999) namesthis the knowledg constructionprocess He describest asthe proce-
duresby which social, behaioral, and naturalscientistscreateknowledgeand how
theimplicit culturalassumptiondramesof referencesperspectiesandbiaseswithin
adisciplineinfluencethe way knowledgeis constructedvithin the discipline(Banks,

14The commentof the scienceeditor of a major Finnishnenspapemwhenoffereda shortarticle on
ethnocomputing.
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1993a).

Banks(1993b)claimsthat multicultural educationconfrontsresistanceespeciallyon

the partMathematicandsciencaeachersTheirarguments thatmulticulturaleduca-
tion is notrelevantto their disciplines.In hisresponséo this, Banksalsomentionghe

knowledgeconstructiornprocessasone of the dimensionf multicultural education.
Multicultural educationhe statesneedgo be morebroadlyunderstoodothatteach-
ersfrom awide rangeof disciplinescanrespondo it in appropriatevays,andsothat
resistanceo it canbeminimized(ibid., 20).

In anotheressayBanks(1993c)stateghata mainstream-centricurriculumis a major
way in which racismandethnocentrisnarereinforcedandperpetuateth schoolsand
in societyat large. In addition, he statesthat it hasnegative consequencealso for
mainstreanstudentssinceit reinforcesafalsesensef superiority giving themamis-
leadingconceptiorof their relationshipwith otherracialandethnicgroups,anddery-
ing themthe opportunityto benefitfrom the knowledge,perspecties,and framesof
referencehatcanbegainedfrom studyingandexperiencingptherculturesandgroups.
NothingindicateshatComputerSciencenvould beanexceptionfrom this; nothingin-
dicatesthatthe penasve westernnessm ComputerSciencevould notimposea sense
of superiorityof the westerncultureon the students.

Fromthe multiculturalisteducationapoint of view, systematicstudyof ethnocomput-
ing aimsat developingskills for observingcomputationaphenomenahat have their
rootsin a distinct cultural setting. The resultsmay thenleadto new viewpointsinto
ComputerSciencewhich canbe usedto improve the cultural sensitvity in teaching
computing. The new viewpoints clearly benefitwesternscience but promotingthe
competencef differentsocialgroupswith differentculturesgoesalsohandin hand
with creatingethnicallyfair science As anexampleof contemporargthnicalinequal-
ity, PaulaUimonen(1998)pointsout thatthe Internetis far from its claimedtrue cul-
tural diversity. Only 5-10 percentof the Internetcontentis of Asian origin while the
Asianpopulationrepresentabouthalf of theworld’s population(ibid.). Shesaysthat
the Internetcan be seenasa vehicle for marketing westernideasandvalues. Since
theInternet,shecontinuesdiffersfrom traditionalbroadcastingnediain thatits users
areboth consumerandproducersof information,Asianswill have to be encouraged
to useit bothways(cf. the definition of the digital divide usedin this thesis). One
problemwith theencouragingnaybethethoroughwesterrhistoryandwesternnessf
ComputerScience.Becauseof theseroots,almostall the teachingmaterial,problem
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solving methodsand conceptsare dominantlywestern,and as Munir Fasheh(1982)
notices,they areusuallynonsensicalo non-westerrstudents. claim thatthis causes
problemgo non-westerrstudentsvho needto startwith learninga wholenew philos-
ophy when studyingComputerScience. The westernphilosophymay be directly at
oddswith their perception®of time andspace society logic, values,problemsolving
methodspr evenwith which questionsareconsideredegitimate. So,on top of a new
subjectthe non-westerrstudentsieedto learnawhole new way of thinking, whereas
the westernstudentsare alreadyfamiliar with the logic thatunderliesComputerSci-
ence.

RonMiller (2000)writesthatthereis an ongoinghistoric shift from schoolsto learn-
ing communities He claimsthatmodernityasa worldview seeghe societyasa great
machinewhosepurposeis to turn naturalandhumanresourcesnto commoditiesand
profits. In a culturethatvaluesefficiengy, competition,andproductionandconsump-
tion of materialgoodsaborve everythingelse,whatotherpurposeouldschoolssene
thantraining young peopleto fulfill their placein the vastsocialmachine? (ibid.).
Miller asksthis questionandgoesonto criticize thatduringthe pasttwenty-fve years
educatiorhasbecomeever morestandardizedgever moremechanicalasit senesthe
political andeconomicagendaf competition productionandcorporateprofit. Young
peopleare not perceved asgrowing, active humanbeingsbut asunits of production
whoseacademicachievementscontainprimarily of economicvalue (ibid.). William
Ellis (2000) arguesthat the cornventionalschoolingis in no way differentfrom ary
otheraspectof the dominantanddomineeringeuro-Americanculture. It is a hierar
chical, patriarchalandauthoritariarsystemof controlfrom thetop down (ibid.).

As anantidoteto themechanistizview in schooling Miller (togethemwith anumberof
otherauthors)presentsan "attemptto reluild societys educationakystemon a post-
modernculturalfoundationthatis democrati@ndperson-centere@therthanmechan-
ical, aswell asecologicalandlife-centeredatherthandrivenexclusively by economic
forces".His aimis thattheplacesof learningwould notbeconstrainedby textbookand
curriculaestablishedby anorymousbureaucratsteachingwould not be madenarrov
andpetty in the serviceof "standards'that elite commissionsmposeon all learners
of all persuasiong all communitiegMiller, 2000). Ellis (2000)emphasizeshatin
communitylearning,therearetwo aspectsn respecto the term"community”. One
is thatwhich thelearnerggetfrom the community;the otheris thatwhich thelearners
giveto thecommunity— thedialecticcompositionagain.Communitylearningwould
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supporttheideaof ComputerScienceeducatiorthatis attachedo alocal culture.

3.2 Different Approachesto Multiculturalism

Multiculturalistmovementin educatiorhasnot beena homogenousocialmovement.
CarlosTorres(1998,181) pointsout thatmulticulturalismcannotbe representethy a
singletheoreticalparadigm,or one educationabpproachor pedagogy Furthermore,
Torresdescribegslifferentviews on multiculturalism listing four majorwaysin which
the goalsof multicultural educatiorvary. First, they vary from developingan ethnic
andculturalliteragy to developingpersonaprideof ones ethnicidentity. Secondthey
vary from changingattitudes(stereotypesracism)to promoting multicultural com-
petence.Third, they vary from developinga proficieny in basicskills to striving to
achieve educationaéquityandexcellencesimultaneouslyFourth,they vary from pur-
suingindividualempavermentto achiezing socialreform.

Torres(1998,181) alsomentionsfour approache$o multiculturaleducation.The ap-
proachesrecorporate conservativenulticulturalism, liberal multicultural approad,
social democatic approad and socialistapproad. Conserative multiculturalism
("contributionsapproach'y® emphasizeseachingaboutthe contrikutionsof different
socialgroupsandindividuals. Liberal multiculturalism("additive approach™)incor-
poratesmulticulturallessonsasunits of studythatsupplemenbr becomeappendies
to the existing curriculum. Socialdemocratiq“transformatve™) approachattemptso
changehebasiccurriculumandinstructionto reflectthe perspectiesandexperiences
of diverseethnic,racialandsocialgroups— eachhaving a cultureof their own. So-
cialist ("socialaction") approachteachestudentghatintergrouprelationsarealways
anintegral partof socialandhistoricalconflictsin society

ComputeiSciencas ayoungdiscipline,andstill lookingfor its identity. Lofti A. Zadef
notedasearly asin 1968thatevenamongthe leadingpractitionersof ComputerSci-
encetherearesignificantdisagreementsn what ComputerSciences (Zadef,1968).
Today justaglanceatthelist of the specialinteresigroupsof the Associationof Com-
puting Machineryis enoughto corvince oneof the diversity of the discipline (ACM,
2002).Theinterestgroupsincludepurelymathematicabranchesuchasthetheoryof
computingappliedstudiessuchasneuralcomputingaswell aspsychologicaktudies

150riginally listedandnamedby Banks,founde.g.in Banks(1993c)andBanks(1999).
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suchashuman-computeinteraction. The field is rapidly evolving to directionsthat
arechanginganddifficult to anticipate(Zadef,1968). The boundariesf Computer
Sciencearenotstrictly defined andchangeandreformareactuallya partof thenature
of thediscipline.| believe thatprobablybecaus®f thesepropertiesmary companies
have adoptedinformationtechnologyas a tool for change whereasaccounting for
example mightbedescribedasa preservingelement.

Thatmostof specialinterestgroupsof the Associationof ComputingMachineryare
interdisciplinaryby natureleadsto the conclusionthatthe valueanduseof Computer
Sciencas mostlyinstrumentalThis multidisciplinarityalsoproblematizeshe philos-
ophy of ComputerScience.Therootsof ComputerSciencearein mathematicsand
thuspositivist by nature.Still, falsification— apostpositvist method— is widely used
in severalareas For example proving aprogramcorrectis oftenimpossiblen thereal
world, andthusthe programis supposedo be "correctenough'if extensve testing
doesnot reveal more errors— but certaintyis never achiezed. Constructvism, on
the otherhand,canbefound,for example,in theareaof human-computenteraction.
This variety of paradigmscausesincertaintyamongstudents— andprobablyamong
researcherdpo. Yetl believe thatthe samediversityalsoholdsstrengthin it. Because
thedisciplineis intrinsically opento mary differing paradigmsgcertainopennessnd
adaptabilityis presered. Encouragingnterdisciplinarystudiesatherthaneliminating
themcould helpsolve a problemthatis widely acknavledgedin informationindustry
— thelack of understandintpetweerthe programmeandtheclient.

The educationalgoal of the study of ethnocomputingjf seenas a multiculturalist
movementdoesnotunambiguouslyit in arny of Banks’(1999)four classesTheclos-
estof thefour classess the socialistdemocraticapproachbut it fails to bring out the
internaldynamicsof ComputerScience.Anotherapproachs neededn orderto em-
phasizethe radicalreformatve natureof ethnocomputingt shallnamethis approach
reformativemulticulturalism

Reformatve multiculturalismemphasizethe diversityandconstanthangeof the so-
ciety (and consequenthangein knowledgeandscience)andunderlinesthe role of
the studentsn this change.Especiallyin a sciencethatis in constanfluctuationit is
imperatve to incorporatethe culturalknowledgeandthe ideaof a continuouschange
into the teaching.On onehand,ethnocomputinghouldbe seenasan active force of

18 ofti A. Zadefs commentthatwasmadein 1968is still valid in 2002— after over thirty yearsof
changean ComputerScience.
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societalchangejon the otherhandasa dynamicsubjectof change.Ethnocomputing
arisesrom the cultureandadaptdo the changesn theculture.
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4 Ethnosciences

In the pastdecadesethnosciencelave evoked worldwide discussionraisingfervent
argumentdor andagainsthem. Especiallylargein scaleandspiritedthis debatehas
beenover ethnomathematicsThe corversationclearly shawvs the uncertainty(on the
side of the proponentsaaswell asthe opponentspf what the goalsof ethnosciences
are,andeven moreclearly bringsforward the misconceptionsindfearsaboutethno-
sciences.| amintentionallyleaving out the discussiorof differentparadigmsor per
spectvesof ethnosciencedecausehat debates not essentiafor this study There-
fore, insteadof comparingparadigmsandperspecties,| shalldiscusghebackground
of ethnoscienceandthe criticism towardsthem,andbriefly presentwo perspecties
into ethnocomputing.

4.1 Theory of Ethnosciences

In thefamousarticle "Ethnomathematicandits Placein the History andPedagogyf
Mathematics"jn which UbiratanD’Ambrosio (1985)definesethnomathematié§ he
usesthe term ethnosciencas "the study of scientificand, by extension,technologi-
cal phenomenan directrelationto their social,economicandcultural backgrounds".
For example,ethnomathematids thusdefinedasthe studyof mathematicaldeasof
non-literaté® people(Ascher& Ascher 1986). If describedn termsof the develop-
mentof thesciencean generalgthnosciencesreacorporaof knowledgeestablisheas
systemsf explanationsand"waysof doing", which have beenaccumulatedhrough
generationsn distinct cultural environments(D’Ambrosio 1998). Nowadays,there
have beenstudiesin ethnoastronomyethnobiology ethnochemistryand ethnogeog-
raphy to mentiona few (Bernard1995,528). Quite contraryto JohnGlenns (2001)
goal of usingscientificprogresgor sustaininghe adwantageof developedcountries,
especiallythe U.S., over developingcountriesin the nameof economythe American

1t is unclear(and unimportantto this study) who usedthe term ethnomathematicfirst. At least

Wilbur Mellerna(1990)claimsto have inventedthetermin 1967,andto have usedit in atalk in 1971.
8Termsprimitive andilliterate are usedin different,inconsistentvays. Herel use"non-literate"

insteadof "primitive", "illiterate” or "uneducatedfor afew reasonsFirst, | useit to emphasiz¢heidea
of SheikJamaniNegroponte, 1995)thatprimitive peoplearenot uneducatedyut thatthey usedifferent
waysof transferringknowledgefrom generatiorto generationSecond] useit to disassociatérom the
evolutionary-biasederm"primitive" (Ascher& Ascher 1986).
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way of life, andits nationaldefensegthnosciencegenerallyaim for equaldistribution
of the benefitsof progress.

Thepresumptiorabouttheabilitiesof non-literatepeople— or peoplewhosethinking
doesnt follow the logical rules of westernscience— is usually that they are sim-
plemindedchildlike, illogical, of lesserintelligence,or incapableof analyticthought
(Ascher& Ascher1986; Cooper 1975). Ethnosciencesdiscardthis belief, andrely
on the ideathat eachcommunityhasdevelopedits own ways, stylesandtechniques
of doing certaintasks,andresponseo the searchof explanationsunderstandingnd
learning(D’Ambrosio, 1998).D’Ambrosionamedhesethesystemsf knowledg. All
thesedifferentsystemauseinference,quantification,comparisongclassificationyep-
resentatiorandmeasuring Westernsciences a suchsystemof knowledge,but other
systemof knowledgewith the sameaimshave alsodeveloped.The othersystemsise
otherwaysof inferring, quantifying,comparingclassifying,representingndmeasw
ing, but are not simplemindedor childlike (ibid.). However, Code(1991)suggested
thatfrom the claim thatno singleschemehasabsolutesxplanatorypower, it doesnot
follow thatall schemesreequallyvalid. Contraryto heropinion,accordingio which
someknowledgeis betterthanotherknowledge,jt is my view thatcomparisorbetween
differentsystemsof knowledgeis groundlessiueto the factthatthey have arisenin
differentervironmentgo meetdifferentdemandsOf course asFasheh1982)admits,
notall logicsandassumptionareequallyeffective in understandingnddealingwith
a certainsituation,but this doesnotimply thatwesternlogic or assumptionsvould be
usefulin all situations.

ThomasKuhn (1962) statesthat apparentlyarbitrary elements compoundedf per
sonaland historicalaccidentsare alwaysforming the beliefs of scientificcommuni-
ties. Normalsciencé®, hestatespwesits successo theability of scientistdo regularly
selectproblemsthat canbe solvedwith conceptuabndinstrumentatechniqueslose
to thosealreadyexisting. Normal sciencedoesnot aim at noveltiesof fact or theory
and,whensuccessfulfindsnone(ibid.). Clearly whena paradigmdeniesthe validity
of a large classof problems,it leavesout a numberof socially andscientificallyim-
portantproblemsandsolutions.This natureof normalscienceconsiderablyimits the
possibilitiesof multicultural researcrand education sincethe rulesof othercultures

®Thomaskuhn,whotookin usee.qg.theterms"paradigm","normalscience'and"scientificrevolu-
tion", defines'normal science"asresearchhatis basedon pastscientificachis’ementsandacknavl-
edgedasafoundationfor further practiceof thatparticularsciencg Kuhn,1962).
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may not fit into our currentlylegitimate paradigm,andthusthe problemsandresults
arerejectedno matterhow valid they arein the surroundingsvherethey emepge. The
reluctanceo adopta new paradigmmight bedueto thefactthata new paradigmoften
enforceghe scientistso redefineor evendiscardtheir earlierwork. Kuhnnotesthat
in adoptinga new paradigm,someold problemsmay be declaredentirely "unscien-
tific", whereathersthatwerepreviously noneistentor trivial maybecomehevery
archetype®f significantscientificachiezement.

As Kuhn(ibid.) recognizesnormalresearctdoesnot aim to producemajor novelties,
conceptuabr phenomenal Eventhoseprojects,whosegoalis paradigmarticulation,
aim not at the unexpectednovelty. Moreover, Kuhn statesthat the paradigmproce-
dures,applicationsJaws andtheoriesrestrictthe phenomenologicdield accessible
to scientific investigationat ary giventime. | seeethnosciencepossiblyspeeding
up the processf paradigmre-esaluationandfinding unexpectednoveltiesin science
in general. Ethnosciencemay work asa catalyst,introducingand encouragingiewn
paradigmdo challengeheprevailing ones.

Kuhn suggestdhat thereare two alternatvesin a scientific crisis: eitherno scien-
tific theoryever confrontsa counterinstanceyr all suchtheoriesconfrontcounterin-
stancestall times.It is my view thatconcurrentlythereexist severalculturallybound
paradigmsvithin adiscipline,andthatnoneof thesearebetteror worsethanthe others
— they just have arisento meetthe differentneedsof differentcultures. Onereason
why ethnosciencebave emegedthis late may be becausef the fact that thesedif-
ferentculturally boundparadigmshave not really confrontedeachotherbefore,and
thushave not beenableto interact. Now, in a global scientificcommunitywhereall
thenew publicationsareavailableon-line,paradigmgrom differentculturesmeetcon-
tinuously andcrisesareinevitable. It is only the all-extensve westerninfluencethat
preventsnew viewpointsfrom emeging if they arenot fully-fledgedandtotally revo-
lutionary It seemdo methatquestioninghe supremag andomnipotencef western
sciences consideredheresyin the West.

Thevalueof localtraditionshasbeenhighly notedin thefield of statistic§Desrosieres,
1996). After mid-nineteentltentury the attemptgo find a commonlanguageandto
unify the methodologyleadto a universalprofessionalanguageof statistics(ibid.).
However, it wassoonnoticedthatthe differencesetweemationaltraditions,which
were earlier presentedis obstaclego researchactually broughtuseful information
to the underlyingstructureqibid.). Differencesn classificatiorsystemsandchanges
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over time arenow seenasphenomenahatdesere to be examinedin their own right
(ibid.). Thedebatan thefield of statisticsportraysa question:shouldlocal traditions
in sciencebeviewedasanessentiabourceof informationandknowledge,or shoulda
universallanguagée soughtinstead?

Oneimportantby-productof ethnosciencess thatthey cansenre in softeningthein-
evitable clashof civilizationsin the nearfuture. Actually, in the light of recentde-
velopmentof global politics, mary peopledefinitely seethis as an aim ratherthan
a by-product. SamuelHuntington (1993) points out that the growth of civilization-
consciousnesandfundamentalisnare enhancedy the dualrole of the West®. The
Westat the peakof its power confrontsnon-Weststhatincreasinglyhave the desire,
thewill andthe resourceso shapethe world in non-westerrways. The questof the
non-westerreivilizationsis to modernizeput not to westernizgibid.). Sincescience
doesnot,in my opinion,belongonly to EuropeansndAmericansjt hasto beadapted
to thedifferentculturesof differentpeople.Huntingtonstateshatdeep-rootedultural
characteristicanddifferencesarelesseasilycompromisecéndresohed thanpolitics
or economicgor, in my opinion, the teachingof ComputerScience).The conceptof
a global world is intimately relatedto the emegenceof religionsof corversion,es-
sentiallythe Christianand Islamic faiths (D’Ambrosio, 1997). The very notion that
therecouldbea"universalcivilization" is awesterndea,anddirectly at oddswith the
particularisnt! of e.g. mostAsian societiesandtheir emphasin whatdistinguishes
onepeoplefrom anotheHuntington,1993).

4.2 Criticism of Ethnosciences

In the United Statescurrentethnomathematidsasbeencriticizedfor severalreasons.
Eglash(1997b¥? stateghatthe currentlyexisting trendof primitivist romanticismand
orientalismcan be as damagingas racism. When mean-spiritedalk of "savages"
changedo well-intentionedromanticismof "children of the forest", the portrait of

200n onehand the Westembodiesa triumphof economicsuccessndglobalization out on the other
hand,it representsinfavorablevaluesthatencouragsometimesvenhostileback-to-rootgphenomena

in non-westerrivilizations.
2Iparticularismis exclusive adherencéo, dedicatiorto, or interestin one’s own group,party, sector

nation(AmericanHeritageDictionary of EnglishLanguage2000).
22Eglashstext canalsobefoundin www.rpi.edu/"eglash/isgem.dir/texts dir/ multer itht m

(May 5th, 2002). Thetext onthewebpage(alsoby RonEglash)is asummaryof the original.
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indigenouspeopleas unconsciousanimal-like extensionsof the ecosystendoesnot
change(ibid.). Eglashcontinuesclaiming that the presentmulticultural Mathemat-
ics educationfails in applying real examplesof intentionalindigenousMathematics
in curriculum. What he criticizesis that what goesunderthe nameof multicultural
Mathematicss too oftena cheapshortcutthatmerelyreplaces'Dick andJanecount-
ing marbles"with "Tatuk and Estebancountingcoconuts”. That multiculturalismis
usedonly in basiccontects unintentionallyimplies primitivism, e.g. that mathemati-
cal conceptdrom African culturesareonly child-like (ibid.). Eglashs third remarkis
thatthe essentialisapproacheanstoo heavily onthe crutchof "self-esteem™asif all
culturalbarrierscould bereducedo 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
Americansocietiesge.g.thelncanllamas,simply becausdeor sheis "Latina".

ThecommenthatSirkkuHellsten(2001)makesaboutAfrican philosophyshouldalso
be mentionedhere.It shouldbe notedthatsincethe theoryof computingis universal,
acertainapproactlor interpretatioris consideredon-westermprimarily becausef its
non-westerrproblemfield andapplicationarea,or becausef the ethnicbackground
of theauthor Hellstenalsomakesa pointthatit is oftenhardto outlinewhatis meant
by "African philosophy”. If the mythologicalworldview representshe philosophy
of a certainculture, then Finnish philosophywould be representedby the mythical
worldview of theFinnishnationalepicKalevala— a statementhatmostFinnsdiscard
asridiculous.Whenaforeignresearchenvestigates culture,they maybeableto find
distinctive characteristicthatthey thenmightlabelasethnocomputingln my opinion,
an outsiders understandingf objectvatedcultural traits is always an interpretation
that may emphasizenessentiafeaturesor even misinterpretconcepts.The problem
thatarisedrom thisis how to extractthe culturally boundcomputationaideaswithout
letting the cultureof the investigatoiinterferewith them.

MarianneM. Jenningg1996)criticizesmulticultural Mathematiceducatiorasbeing
"MTV math®3, Sheclaimsthe nev Mathematicstextbook "SecondaryMath: An
IntegratedApproach:Focuson Algebra" concentratesn insubstantiathingssuchas
essay®n the Dogontribe of Africa, questionsuchas"what role shouldzoosplay in

23Jenningsapparentlyrefersto Music Television, which broadcastsnainly superficialimagesof a
perfect'party-society".The programskeepcontinuoushflashing"factboxes"thatbring out the names
of the petsof the starsandothersuchinformation.
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today’s society"et cetera.Jenningsview is thatthe educatordave "taken math out
of math",thusstrippingthe disciplineof the beautyof MathematicsMTV Math, she
statespffersonly brief, superficialglimpsesof numbersdisguisedn inaneproblems
even childrenfind laughable. In her article, Jenningsdemandghat the teachingof
the conceptualinderstandingf mathshouldbe replacedwith problemsandpractice.
Anothertext of Jenning®nthesamesubjectwasquotedoy senatoRobertByrd (1997)
in his speectfor the SenatealthoughByrd’s uppermostoncernseemdo bethatthe
U.S.isfalling behindJapanesm MathematicsHowever, whatByrd doesnottakeinto
accountjs thatthetestsusedto comparechildrenfrom differentcountriesemphasize
someaspect®f Mathematicge.g.rotelearning),but not necessarilyinderstandingf
theconcepts.

Bill Barton(1998)stateghatif sciencgMathematicsn his case)is seenasa cultural
approximationof the truth, its merits can be measuredn termsof closenesgo the
ideal. He continueghatthis allows colonial,ethnocentricategorizationsof primitive
Mathematicor sophisticatedMathematicsetc. Wherel think Bartonfalls shortin his
analysisis that he limits his view to the Platonicview of ideas,wherephenomenal
world, or the world that we derive throughour sensesatherthanour mind, is sec-
ondaryto theidealworld. Platoactuallyrejectsthe studyof the phenomenalvorld as
unimportan{Saarinen1985).Insteadjf theideasareunderstoodn theKantiansense,
we areunableto reachthe noumenatireality. Accordingto Kant, knowledgeandun-
derstandingelateonly to the phenomenalvorld, andcannotevenin theoryreachthe
thing asitself; dasDing an sich (ibid.).

Now, measuringlosenes$o theideallosesits meaningsincethereis no standardor
comparison.lf we seetheideasin the abore-mentionedvay, we areableto measure
out only how well the culturally boundcomputingworks in whereit is applied,but
thiswould be self-justifying,asmentionecearlier The comparisorwould bebasedn
a subjectve scale,sincethe applicationsarealsoculturally bound. Thenagain,Kuhn
(1962)pointsout thatit is inevitable and naturalthat paradigmsare evaluatedby the
criteriathey dictatefor themseles. Sinceno paradigmever solvesall the problemsit
defines,andsinceno two paradigmdeave all the sameproblemsunsohed, paradigm
problemsalwaysincludethe question” which problemsis it more significantto have

24In the philosophyof Kant, an objectasit is in itself independenbf the mind, as opposedo a
phenomenonralsocalledthing-in-itself— dasDing an sich (AmericanHeritageDictionary of English
Language2000).
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solved?. This questionof valuescanbe answerednly in termsof criteriathatlie
outsideof normalsciencealtogethef(ibid.).

AnothermodelwhereBarton (1998)shaows pitfalls is seeingscienceasif the science
within eachculturewould be a shadav of the "real” science.Accordingto this view,

asculturesinteract,the sciencewhich is moredevelopedwill subsumehe other and
an illusion of one sciencedevelopingtowardsa universalperfectionis maintained.
This view would allow us to saythat someculturesare "seeing"sciencemoretruly

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

ethnocomputingacesachoice.

In respecto Bartons (1998)notionandthe questionof universallanguagen statistics
referredto above (Desrosieres] 996),differentapproachefor the studyof ethnocom-
puting could be set. First, the aim of the studyof ethnocomputingould be to totally
differentiatecomputingbetweendifferent cultures,so that all the differing cultures
would be equallyimportantassuch,andthat conceptdoreignto a cultureshouldnot
beintroducedn it. Secondtheaim of the studyof ethnocomputingouldbeto seek
the ultimate synthesiof culturally boundviews on computing,andclaim it to be all-
inclusive andethnicallyfair.

Clearlythefirst approaclconcentratesn how computingis besttaughtamongdiffer-
entculturalgroups,andthe secondonefocuseson developingthe ComputerScience
towardsacommongoal. Thus,l shallnametheapproachedifferentiatingstudyof eth-
nocomputingandintegrating studyof ethnocomputingrespectrely. Both approaches
have apparentlaws. Thefirst onecould be criticized for excessve insularism,but it
is supportedoy the claimsthathumannatureseemdo requirebordersto distinguish
usfrom them andthat nationswill continueto serne the purposeof power elitesthat
will presere sovereigntyanddistort the informationinfrastructureto sene this end
(Townsend& Bennett2001;Hall, 1992). The secondapproactcouldbecriticizedfor
lack of consideratiotowardsparticularismn mary cultures,andclaimedto be build-
ing up a "McDonaldization"of sciencebut it is supportedoy the agumentsthat all
civilizations,thoughthey differ anddevelopat differentpace have alwaysbeenbound
togetherinextricably (Anderson,1990),andit is alsosupportedy my conjecturehat
acommonsetof conceptsouldeaseheco-operationn educatiorandscienceacross
cultures. Sinceneitherof theseapproachess clearly betterthanthe other but actu-
ally supportthe other they are both equallyimportantin developing ethnicallyfair
computing.Ethnicallyfairer ComputerSciencesupportgheteachingof computingin
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differentculturalsettingsandteachinghattakesinto accountheculturalorigin of the
studentgproducedresh,creatve views on ComputerScienceon thewhole.

The goalsof the study of ethnocomputingshouldnot be tied too strictly to any of
the Torres’ (1998)variationsof multiculturalistmovementgseeparagrapl8.2). Still,
| find developing an ethnic and cultural literacy more importantthan developing a
pride of ones ethnicidentity. Both changingattitudesand promotingmulticultural
competencare equallyimportantgoals,asare developingproficieny in basicskills
andeducationakquity Pursuingndividualempavermentandachiezing socialreform
areeasilylabeledaspolitical issuesput if thoseconnotationgredroppedpothcanbe
harnessetb bridgethedigital divide.
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5 Ethnocomputing

My definitionof ethnocomputings a postpositivist® onein asensehatthe noumenal
world is thoughtto exist, but its objectsare unapproachableStill, the heary empha-
sison the socialconstructionof conceptdeansthe ideatowardsconstructvism. The

cultureandsocietyarethoughtto bein constaninteractionwith the conceptf com-
puting,all changingn the processMy view is still apartfrom radicalconstructvism,

which startsfrom the assumptiorthatthereis no way of knowing aboutthe reality of

otherpeople(Glasersfeld1995). Although thereare certaindangersn moving be-
tweenparadigmsmethodologicallybut alsotheoreticallyXriangulation for example,
is sometimesusedwhena multimethodapproachs neededsee.e.g.,Cohen& Man-

ion, 1985,pp.254-).In thischapterl shallbriefly discusghecurrentdebatedefinethe
term ethnocomputingandfinally proposea few examplesthat| reckon to be among
ethnocomputing.

5.1 Computing and Society

Accordingto Barton (1998), ComputerScienceas a tool hasevolved in responseéo

its surroundings.Thus, startingfrom its birth, ComputerSciencehasbeenculturally

dependentlt couldbesaidthatthe valueof ComputerSciencas merelyinstrumental.
For example,Dan Bricklin (2001)acknavledgesthatwe useinformationtechnology
becaus®f whatit cando for us, not for its inherentqualities. Its benefitto societyis

thattoday’s peoplecanuseit to fulfill todays needq(ibid.). KarenHoltzblatt(2001)
notesthat sincetechnologyis fundamentallyjust an extensionof the stick whenthe

arm cannotreach,arny discussiorof the future of computinghasto considerits use
in humanpractice.The lack of adaptabilityin softwareproductsis alreadya problem
amongthe major segmentsof society CherriPancale (2001)writes. Shearguesthat
theonly solutionfor theproblemis thatthe softwareproductdboecomemoreresponsie

to humangn all their diversity.

Luke Hodgkin (1976) and Brian Martin (1988) claim that a large sectorof scientific
work, especiallyComputerScience s organizeddirectly aroundandfor capitaland

25|n postpositvist paradigmthereality is assumedo exist, but to be only imperfectlyapprehendable
becausef thebasicallyflawedhumanintellectualmechanismandthefundamentallyintractablenature
of phenomen&Gubag& Lincoln, 1994).
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actualor potentialmilitary applications Anita Borg (2001)chooses softerapproach,
statingthatasa field, computinghasbeendriven by technicalor scientificgoals. The
greatchallengesshewrites, have beenframedin termsof the technologywe wantto
create— the fastest,smallest,hottest,biggestor coolest. Instead,the researchand
the creationof technologyshouldbe driven by what peopleneedand want (ibid.).
Technology Borg ervisions, shouldbe basedon the degreeto which it successfully
addresseasocietalchallengensteadof beingoneof those'—ests"mentionecearlier;
technologyshouldbedirectedto improving humanilife (ibid.).

Still, in thefield of ComputerSciencehediscussiorof the socialandethicalconcerns
of technology(e.g. Mason,1995;Laudon,1995; Collins et al, 1994;Huff & Martin,
1995) hasbeenone of the few socialtopics concerned.Friedmanand Kahn (1994)
statein theirarticlethatthesocialandethicalconcernsaredefinitelyanintegral partof
designingcomputersystemsbut thatthey wereatthattime, 1994,absenin Computer
Scienceeducation— althoughthey actually are alreadymentionedin the curricula
propositionin 1991 (Tucker et al, 1991). In 1996the ProjectimpactCS(Martin et
al, 1996) proposedhow teachingethicsand the socialimpactof ComputerScience
shouldbe embeddedn the curriculum. As late asin the propositionfor curriculaat
theendof 2001,the"Joint TaskForcefor ComputingCurricula"included"socialand
professionaissues'in the new report(ACM, 2001). In otherfields plenty of research
on the informationageandinformationtechnologycanbe found. Philosophersfor
example,aredebatingthe meaningandeffect of artificial intelligenceandcomputing
for theirdiscipline(Graubard1988;Floridi, 1999).

SociologistManuel Castells(1998) claims that contraryto the commonbelief, in-
formationtechnologyis not the causeof the changesve areliving amidst. Without
new informationandcommunicatiortechnologiesthough,noneof thethingsthatare
changingour liveswould have beenpossible(ibid.). In Castells’opinion, informa-
tion and communicationtechnologyper se do not solve ary problems,but are the
functionalequwvalentof electricityin theindustrialera. He seesnformationandcom-
municationtechnologyasthe essentiatool for economicdevelopmentand material
well-being. Castellscharacterizeghe conditionsof developmentso that culturaland
educationatlevelopmentonditionsechnologicatlevelopmentwhichconditionseco-
nomicdevelopmentwhich conditionssocialdevelopmentandthis stimulatescultural
andeducationatlevelopmentoncemore (Figure2)?6. Castellsnotesthatthis canbea

26Castellsdid not presenthepicture,but it is addedto clarify theidea.
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virtuouscircle of developmentor a dovnward spiral of underdeelopment— andthe
courseof this processs not decidedby technologybut by society(ibid.).

ﬁEducation\

Social Development Technology

k Economy J

Figure2: Conditionsof development.

Up to now, the studiesseemto have centerednly on the socialandethicalimpactof

computingon society and not the otherway round. Although Castells(1998) men-
tionsthe circle, he focuseson the socialconsequencesf the informationage. In my

opinion,the impactof societyon the developmentof ComputerScienceas anequally
importantandinterestingquestion.Indeed,Keith Miller (1988)writes thattechnical
issuesarebestunderstood— andmosteffectively taught— in their socialcontext, and
the societalaspect®f computingarebestunderstoodn the context of the underlying
technicaldetail. He claimsthatincluding societalaspectsn the ComputerScience
curriculumcanenhancetudentsiearning,increaseheir motivation,anddeepertheir

understanding.The goal of recognizingethnocomputings not to give the computa-
tionalmethodsof otherculturesawesternstampof approval, but to recognizeéhatthey

are,andalwayshave beenjmportantassuch.

5.2 Definition of the Term

The etymology of the prefix ethnotracesbackto the Greekword ethnosmeaning
"people”,"nation" or "foreign people”(AmericanHeritageDictionaryof EnglishLan-
guage 2000). In the context of ethnocomputingthough,ethnodoesnot referto race
or peopleonly, but alsoto differencesn culture. Of course theseculturaldifferences
may includedifferencesasedon racial oppressioror nationality but they aremainly
basedon languagehistory, religion, customsjnstitutions,andon the subjectve self-
identificationof thepeople— thesearethesocial,economicandculturalbackgrounds
thatHuntington(1993)mentionsvhenhedefinescivilization asa "cultural entity”.

Moreover, Huntingtonstateshat peopleof differentcultureshave differentviews on
therelationshipdetweengod andman, the individual andthe group, the citizenand
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the state,parentsand children, husbandand wife; aswell asdiffering views on the
relatveimportanceof rightsandresponsibilitiesliberty andauthority andequalityand
hierarchy Thesedifferencesetweerculturesarea productof centuriesandthey will
not disappearapidly (ibid.). They arefar morefundamentathandifferencesamong
political ideologiesandpolitical regimes(ibid.). In additionto thesecateyories,culture
is hereexpandedo includealsothe culturesof differing professionagjroupsandage
classe¢D’Ambrosio, 1985)aswell associalclassesgenderandsoon.

Definitely, asBrian M. Bullivant(1993)stressesut, the term culture is often usedin
severalconfusingways.He pointsoutthatpeoplebelongto, or livein, or aremembers
of socialgroups;they arenotmembersf "culture”. Along with this notion,hedefines
culture as a social group’s designfor surviving in and adaptingto its environment
(ibid.). However, cultureis heredefinedasthe ideations symbols,behaiors, values,
knowledgeandbeliefsthatare sharedoy a community(Banks& Banks,1993). The
essencef acultureis notits artifacts,toolsor othertangibleculturalelementsbut the
way(s)the membersf the groupinterpret,use,andperceve them(ibid.). An artifact
maybeusedin differentculturesin very differentwaysandfor very differentpurposes
— computersareagoodexampleof this.

Thereis certainlya needfor this broada definitionof cultureto ensureghatnoneof the
culturalgroupsthatmighthave privilegedknowledgeareexcludedfrom the study Nel
Noddings(1995) writes that from the view of "standpoint"epistemologistswomen
have privilegedknowledgewith respecto issuef their genderthe poorwith respect
to poverty andso on. He addsthat standpointheoristsdo not believe thatwe come
closerto truth by confessinghe biasesandrootingthemout. On the contrary they
claim thatsuchstandpoint-ladeclaimsandreportsareepistemicallyricherandmore
accuratehanthosegeneratedhroughtraditionalobjectve methodqibid.).

As DennisTsichritzis(2001)pointsout, after Churchs thesisin 1936,computinghas
beenunderstoodas somethingthat Turing machinesor similar modelscancompute.
However, he remindsthatthis definition of computingis ratherlimited. Most of the

interestingproblemsare thoughtto be insolvable,thoughthey are practically solved

usingdifferentkinds of heuristics(ibid.). Differently from the traditionalconstrained
view, usingGibbsandTucker’s (1986)definitionof ComputeiScienceasabasis,com-

putingis heredefinedasa combinationof

1. the organizedstructuresand modelsusedto representnformation (datastruc-
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tures),
2. thewaysof manipulatinghe organizednformation(algorithms),
3. themechanicahndlinguistic realizationsof theabove, and

4. theapplicationsof all of theabove.

Ratherthan changingthe scienceitself (the content),the goal of the study of ethno-
computingis to concentraten the form (the outward appearancedf computing. In
otherwords,theaimis notto questiortheveryfoundationf computing.lt is theway
in whichthe computationatonceptsarepresentedhatethnocomputindpasparticular
interestin. Insteadof beinganothemparadigmitself, the studyof ethnocomputingims
atencouraginghe searchfor novel ideas,andtheir examinationandadoption. There
is no reasorto believe thatthe ideabehindthe universalTuring machiné’, for exam-
ple, would not belongto the foundationsof ComputerSciencean ary culture.Instead,
thereis reasorto believe thattheform thatthe concepof theuniversalTuring machine
takes,or how it is taughtbest,maydiffer from oneculturalsettingto another As shavn
before,Bergerand Luckmann(1966)andBanks(1993a),amongothers,suggesthat
reality is a socialconstructandthatknowledgereflectsthe social,cultural,andpower
positionsof peoplewithin asociety

5.3 Relationship Betweenthe Universal and The Particular

Theinternaltensionin the term ethnocomputings intentional. Ethnorepresentpar
ticularity andcomputinguniversality anda combinationof the particularandthe uni-
versalleadsto computingactivity thattakesits placewithin aculture. The conceptof
ethnocomputinganmanifestasdirectapplicationsn real-life situationspr asobjects
amongculturalgroups(suchasthequipu,whichwe shalldiscusgater),andthey reflect
thetraditionalpracticef aculture.lt shouldalsobenotedthatthestudyof ethnocom-
putingis not the studyof ideasof non-literatepeople like Ascher& Aschers (1986)
ethnomathematias. It is rathera studyof the ideasof culturally differentgroups—

2'Theideaof the universalTuring Machineis oneof a "generic"Turing machinethatcan— for ary
problemthatcanbesolvedby Turing machines— producea Turing machinethatsolvesthe problemin
question(seee.g.Lewis & Papadimitriou,1998).
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whetheror nottechnicallyadvanced.It is necessaryo understandhow computational
conceptsareborn,conceptualizedndadaptednto the practicesof asociety

As | seeit, theapparentlevelopmeniof ComputerSciencewithin a cultureis actually
aproces®f changan thatparticularculture’s ethnocomputingThe processhouldbe

seenasdevelopmentwithin oneculture,andnotin absoluteerms,sincethe concepts
thatform the ethnocomputingf a particularculturemay notfit in otherculturesthat

usedifferentconstruction®f ethnocomputingor in otherculturesthat have different
prioritiesfor ComputerScience.Kuhn (1962)stateghatdifferenterasof normalsci-

encemay raisenew questionghatwere earlierthoughtto be insignificant,and may
alsorendersomeof theasfar essentiabjuestiongointless.Similarly, | seethatappar

ently significantfindingsin scienceelateto preferencesf oneculture,andthey must
bedealtwith assuch.

Universal Universal Theory
Computing .

of Computing
Particular, .
Culturall Ethnoco computlng
Computing

Figure3: Therelationshipbetweerparticularanduniversalcomputing.

Figure3 representmy ideaof thelayersof knowledge.CommunityA couldrepresent,
for example,the IT usersat FinnishcountrysidewhereascommunityB could be the
programmingelite of the SeoulNationalUniversity. Thus,a communityis a groupof
peopleforming a distinct segmentof society or evena segmentof the humankindas
awholethatsharessomecultural characteristicsA personmay, of course belongto
mary communities.Distinct communitiesmay have their own languageandculture,
but the languagesind culturesof differentcommunitiesmay alsooverlap. The rela-
tionshipworks both ways; languageand culture also change(and sometimegdefine)
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thecommunity Theuniversaltheoryof computingncludescomputationaldeasin the

KantiansenseWe canonly acquireknowledgeconfinedto theappearancef theideas,
but we cannotreachthe noumenatreality, dasDing an sich. The layer of ethnocom-
puting representshe appearancef the conceptgo us. Differentculturesmay have

differentabstraction®f the conceptsandtheseabstractionganoverlap. It mustbe

notedthatall the knowledgeattachedo the universalphenomenas culturally bound
andthusinter-subjectve.

Sincemy ideaof the socialconstructiorof conceptsn ComputerSciencehasa claim

of the existenceof a universaltheorythatis staticandobjectve, andalsoa claim that
thistheoryis filteredto usthroughculture,it canbecriticizedfor variousreasonsDue
to the greatnumberof differenttheoriesthatcriticize eachother (positivist, construc-
tivist, or critical-Marxisttheories for example),l will hereleave out the debateover

differentparadigms. Especiallysusceptiblgo criticism my view is in its attemptto

take influencesfrom two very differentparadigmgDenzin& Lincoln, 1994). How-

ever, sincel amnot trying to presenta paradigm,but a perspectie or interpretation
— alessdevelopedsystemthanparadigm— this moving-betweershouldbe allowed

(ibid.).

5.4 Examplesof Ethnocomputing

Accordingto Denninget al. (1989), ComputerScienceand engineerings the sys-
tematicstudy of algorithmic processes— their theory analysis,design, efficiency,

implementationand application— that describesand transformsinformation. This
definitionof thewesternComputerScienceancludesall of thefour itemsin theabove-
mentioneddefinition of computing. The first item (datastructures)s a part of both
"theory" and "design"; the seconditem (algorithms)is dealtin "analysis"and "effi-

cieng/"; the third item (mechanicabnd linguistic realizations)in "implementation”;
andthelastitem (application)naturallyin "application". Thus,westernComputerSci-
encecanberegardedas"computing”by this definition— and,dueto its culturalroots
in thewesterrnsociety asethnocomputingn thewesternsettings.

Artificial Intelligence
Theimportanceof anon-traditionalview on ComputetSciencas emphasizewith the

emepgenceof thenew typesof problemgselatedto artificial intelligence.Characteristic
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of thesenew problemsis thatthey cannotbe solved usingsyllogistic (classicalAris-
totelian)logic, but needmultivaluedlogic, often calledfuzzylogic — thatis, the logic
thatunderliesnexactor approximateaeasoninglofti Zadef(1984)says.In his opin-
ion, multivaluedlogic wastakeninto ComputerScienceo sere the needsof real-life
situations. Zadefstatesthatin classicaltwo-valuedsystemsall classeshave sharply
definedboundariegdead-ale, inside-outside)andeachobjectis eithera memberof
a classor not a memberof a class. However, mostclassesn realworld do not have
sharpboundarieghow arethe boundarieof beauty kindness,or tallnessdefined?).
The classeswith blurredboundariesare the casesvheremultivaluedlogic comesin
handy(ibid.).

Anotherexample,JohnMcCarthys (1980)circumscriptionlogic, if usedin a heuris-
tic program,hasto includedomaindependenheuristicsfor what circumscriptiongo

make andwhento take themback. Circumscriptionwill allow usto conjecturethat
no relevantobjectsexist in the categyoriesof a problemexceptthosewhoseexistence
follows from the statemenbf the problemandcommonsenseknowledge(ibid.). For

example,whensolving Missionariesand Cannibalspuzzles®, circumscriptiondisal-

lows the solutionswheremissionariesanfly, or wherea bridgeis found upstream,
andotherunrelatedsolutions(ibid.). Circumscriptionheuristicsandmultivaluedlogic

areusedin attemptgo formalizehuman-lile processegAscher& Ascher 1986)that
areculturallybound.For example theHindu, ChineseandJapaneseultureshave con-
tributedto thedevelopmenbf fuzzylogic morethanwesterrsciencgZadef,1984).In

theseculturesthereis a greateracceptancef atruth-valuethatis neitherperfecttruth

nor perfectfalsehoodibid.).

Inca Quipu

TheIncaquiputhatMarciaandRobertAschers work (1981)illustratesis a goodex-

ampleof ethnocomputinglnsteadof writing, Incasusedquipusto recordandtransmit
informationthroughoutthe vastinca Empire(ibid.). A quipuis a collectionof dyed
cottoncordswith knotstied in them,wherethe numberof cordscanrangefrom three
to severalthousandgibid.). Ascher& Ascherstatethat quipushave threeimportant
properties.First, they canbe assignedorizontalor verticaldirection,thusgiving the
cordsandknotspropertiesefor, after, aboveandbelow Secondthey have multiple

28"Threemissionariesandthreecannibalscometo ariver. A rowboatthatseatswo is available. If
thecannibalsaveroutnumbethe missionarie®n eitherbankof theriver, themissionariesvill beeaten.
How shallthey crosstheriver?"
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levels, anda hierarchicalstructure. Third, they consistof cordsand spacedetween
cords. The cordscanthusbe associateavith differentmeaningsdependingon their

color, their vertical direction, their level, their relative positionsalongthe main cord,

and,if they aresubsidiariegonlowerhierarchicaktructure)pntheirrelative positions
within thesamdevel (ibid.) (Figure4).

Top cord
Subsidiary

Main corc

Pendants
Subsidiaries

Figure4: A blankquipu.

As Ascher& Ascher(1981)note,usingcolor-codingis alsofamiliarto westerrculture.
For example,in the field of electronics,the resistanceand accurag of resistorsis
representeavith a certaincolor code,wherecolorsandtheir positionsareassociated
with the propertieof the componentibid.). Similarly, in thelncaquipus,thenumber
of colorsrepresentshe numberof distinctionsbeingmade,andthe overall patterning
(combiningdifferentcolorsto one, multicoloredcord) exhibits the relationshipghat
arebeingrepresentefbid.). Thefeaturesvhosemeaningdgor colorandmeaninggor
positionsusedin combinationwith eachotherare sharedoy the resistorcolor system
andthequipu(ibid.). In quipu,theknotstied to the cordsrepresenhumbers.

Tablel: Incaquipuasethnocomputing.

Requiement Incaquipu

Datastructures Semanticzodedin colors, knots,andhierargy of
thecords

Algorithms Summationgcateyoricalsummationchartsetc.

Mechanicabhndlinguistic realizations| Somequipusexist, languagenasdisappeared

Applications Hints of their usee.g.in accounting

Since,accordingto Ascher& Ascher(1981),quipudid not serve merelyin recording
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numbersin the form of knots, but had also semanticdor differentcolorsandthese
semanticsvererelative to contect, quipumeetsthe first requiremenof my definition
of computing(Table 1). Quipuis a structurethat represent®rganizedinformation,
andcanbeconsideredsa datastructure Ascher& Ascherpresenta numberof algo-
rithmsfor quipu,includingsummationgategoricalsummationchartsandsubchartset
cetera.Thus,thesecondequirements met. Requirementghreeandfour; mechanical
andlinguistic realizationsandthe applicationsare presumablebut sincethe Spanish
destroyedalmostall the quipusalongwith the Incacivilization (ibid.), thereis no evi-
denceof whatthe useof the quipuhasbeen.Eventhoughthe four hundredremaining
quipushave beentakenout of their context, andtheir origin is unknawn (ibid.), it can
beassumedhatthequipuhassenedasophisticatedomputationatunctionin thelnca
society

BamanaSandWriting and African Fractals

RonEglashpresentafew interestingpointsof view to recursionn ethnomathematics.
Thesecould be applieddirectly into ComputerScienceeducationin certainAfrican
cultures,and it might be possibleto take this idea of recursioninto otherteaching
contets aswell. Eglash(1999,223) statesthatin additionto the apparentenefits
of utilizing indigenousknowledgefor developmentandeducationin Africa, African
fractalscanalsosene in educationin the United States. It is his opinion that frac-
tal designtools shouldbe appliedin the curriculumof especiallyAfrican American
studentssincethe African connectiorcansparkthe interestto the studyof recursion
amongthem. The Bamanasanddivination (Eglash,1997a)works asan indigenous
exampleof recursion.The Bamanalivinerspasshe outputsof anoperatiorbackto it
asthenew input, anditeratethe procesauntil certaincriteriaaremet(ibid.).

Eglash (1999) also suggestsdeveloping the African continentby interconnecting
African fractals(indigenousdesign)and moderncomputing. He mentionsa few ex-
isting applicationssuchas a Ghanaiamationaltelevision broadcastest patternand
projectsin Burkina Fasothat combinetraditional fractal architecturewith modern
techniques.Eglashs vision is further still in the future. He sees'grassroots” rather
thantop-dovn approactasthetool for putting African fractalsto work for sustainable
development. As examplesof promisingtargetsfor development,Eglashmentions
organizingproductionandvending,decentralizealectronicvoting (decisionmaking
in mary African culturesis traditionally decentralizedandneural-nestyle decision-
making.Eglashadmitsthatneitherthe African fractalsframework nor disseminatiomof
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informationtechnologie®ffers panaceaskRathey he suggeststhe shift in perspectie
doesnot needto be a conserative returnto the past,nor the epistemologicaéquiv-
alentof an alien invasion. African fractalsoffer a framavork thatis both rootedin
indigenouscultures,andcross-pollinatesvith new hybrids(ibid.).

Ethnocomputingeemsdo beimportantespeciallyin the new fieldsof researclsuchas

artificial intelligenceandfuzzylogic. In my opinion,though,ethnocomputingpasbeen
givenachanceonly in the new research— or ethnocomputindnasleadto new fields

of research. Currentnormal sciencedoesnot give ethnocomputingf non-western
culturesmuch chanceto introducenew views into old themes. My opinionis that

differentculturescancontribtute to the developmentof conceptsaandideasandenrich

them— alsoin thetraditionalfields of ComputerScience.

In additionto the developmentof ComputerScienceand educationgethnocomputing
holds anotherequally importantobjectve. As UbiratanD’Ambrosio (1997) recog-
nizes,ethnosciencg¢ethnomathematicim his case)meansgoing backto basicswith
the commongoal of equityanddignity. In his opinion, the Eurocentricconceptiorof
sciencehasbeenimposedglobally asthe patternof “rational” humanbehaior. The
resultsof this intendedglobalizationunderthe control of westernpowersarefar from
beingacceptabl€ibid.). The studyof ethnocomputingould encouragehe ethicsof
respectsolidarityandco-operatioracrosultures.Eventually if sciencevereequally
availableto all, ethnicallyfair by nature andlocal culturalbindingswereadmitted the
ultimategoal of gettingrid of the ethneprefix couldbeaccomplished.
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6 Summary

The purposeof this studywasto justify the researctof culturalperspectiesin Com-
puterScience.The claim wasthatthe contemporarnfComputerSciencds dominantly
Eurocentric,and that this Eurocentrisnfacilitatesthe digital divide and hindersthe
prospectof ComputerScienceeducationn non-westerrcultures. The motivationto
a culturalapproachwasthe assumptiorthat adoptingcultural perspectiesinto Com-
puterSciencenvould bringlocalissuesnto globaldiscussionandthushelpin meeting
thelocal needs.

| have proposed socialconstructvist theoryinto ComputerScience suggestinghat
ComputerScienceis a social product, and that there exists a dialectic relationship
betweencomputingandsociety This claim is supportedoy the socialconstructvist
theoriesn sociologyandeducationapsychologyaswell astheideaof how scientific
revolutionsarestructured Moreover, | have presentedhatComputerSciencds domi-
natedby the preferencesf the West,andthatthis Eurocentrisntanposea problemin
ComputerScienceaducatiorin non-westerrcultures.

Fromthesegrounds] have presentedlefinitionsfor ethnocomputingndfor the study
of ethnocomputings follows: ethnocomputingtandsfor computationaideasthat

have their rootswithin a culture. The studyof ethnocomputings definedasthe study
of computationaphenomenavithin a culture. Ethnocomputingliffersfrom thetradi-

tional definitionof computingin thatwhereaghetraditionalview considerghefoun-

dationsof ComputerScienceasconstantandapplicablesverywhereassuch,thestudy
of ethnocomputingakesthe positionthat ComputerSciences a socialconstruction,
andthusculturally bound.

All thelocal variationsof ethnocomputindpave developedto meetthe needsof a cer
tain culture, which hasthe following consequencedirst, the impactthat Computer
Sciencehason the culturereflectsbackto ComputerSciencechangingit — andthis
leadsto a dialecticprocessvhereComputerScienceandthe culturein which it orig-
inatesare constantlyreshapingone another Secondtogetherwith the definition of
layers betweenparticularand universalcomputing,comparisonetweencomputa-
tional ideasof differentculturesbecomegroundless.Theredoesnot exist a standard
for comparisonsinceevery measuras subjectve, andwould only measurénow well
computingworksin aculturewhereit is applied.For example westernstandardsuch
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asefficiengy andexactnesareusefulonly in avery limited setof problemsandthey
may becomeinsignificantif the legitimate problemfield changes.Third, Computer
Scienceeducationcanno longerignore cultural considerations.The educatorshave
to take into accountthe cultural and philosophicalbackgroundof a society Differ-
entculturesmay have differentperception®f time andspace)ogic, problemsolving
methodssociety values,or which questionsareconsideredegitimate.

Adopting ethnocomputingould sene several purposes.First of all, recognizingthe
importanceof local culturesassuchwould helpin ComputelScienceeducatiorin non-
westerncultures. This would definitely producefirst studentsthenresearcherthat
have fresh,novel views on the problemsof ComputerScience.Theseresearchersn
turn, would contribute to the developmeniof ComputerScienceon the wholetowards
an ethnically fairer goal. Ethnically fairer ComputerSciencewould in its part give
developingcountriesbetterprospectso narrav thedigital divide.

Thehardespartof theadoptionof ethnocomputings thepenasieview of thewestern
philosophyasthe crowning jewel of scientificevolution. Currentnormal scienceis
seenasgoodandfinal assuch,which, in the light of history of sciencejs clearly a
daring conclusion. Much more probableis that the future scientific revolutions will
turn the directionof ComputerScienceto directionsthat are unexpected,andso far
evenunheardf.

Ethnocomputings a hypothesis. Thereare absolutelyno empirical studieswhatso-
ever, on whetherary differencesdetweerculturesactuallyexist. Noneof thetheoret-
ical backgroundoresentedn this studydealswith ComputerScience.Thus,the next

challengeof the study of ethnocomputings to testthe hypothesidy comparingthe
views of differentcultureson ComputeiScience.To accomplishthis, researcherom

differentculturesshouldcometogetherto find out whetherethnocomputings justan
idea,or whethert actuallyhassomethingo contrituteto ComputerScience.
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