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¶∬Ouか0血也em血血血d憶町・Su∝餌食瓜owstbsewhos呵血e如of伽甲Ve，te血010由C叫
SPeaking．ThstruismapphestotheMadimeUnivqsitiesaswd，WheremiimeeducdIOnandtr血血g

COntinuoゆchangeStOadoptnewtechnolo野inhdustry・But血atdoesateclmologycuⅣelooklike？How
doyouknowwhereyoustand，OrWhd’scomlngneXt？Howcanyoutellw触椚teChnologydhangewillhapp飢？

Asam血odofpredicthgthefuttLre，teChnologyforecasthgisumqueinitsuseofqu弧titdivetime－

basedinLbrTmtiontoarriveatrehableprqjectionsofthetedhnological血tqe．MaJWZnethOdshavebecndeveloped

toprqiectintirrk！teChnology血鮎ion，PerfommCeenVelopes，andd ubsdtutionrates．Technologyprectqsor

rel血onshipshavcalsobeenidentiBe4両er血血edtim＞1agrelationshipsthaIemergedduringtedhJlOlogicaJ

transitionsinthepastprovideprqjectioTUOftime－hgrelationshipsoffuturetcchnoIogicalamdcurricdumchange．

WithjustsudhacritiCalpi∝¢Ofhfon血ion，m血universityeducatorscanplannewcurrictdaandleaming
techlOlo訂hv銭tm飢n南仏con丘dence．

¶血p叩er，P訂Horasd銭，htroduceSqu皿titadvetedmOlo訂ゐr腿t血唱，血efbcusor代Se∬℃hand

applicationsattheCenterforTechnologyForecastingatMAmeMaritimeAcadenw．Importantmethodologies，

SanVleforecasts，andimplicalionsforprqjecthgthefutu柁Ofmaritimeeducalionarepresented．

1．　IntroduCdon：WorkngDdh摘ons

Theterm‘1cchnology’’definesalotofthhgstoalotofpeople．Theworldwidepopularmediaassume

We劇Imd訂St皿dteclmolo訂鮎50m血g帽l虞d10CO叩ute相，COmm血C劇io鴫Idevision，Or血eI摘emef，Yd，

totheanthropologist，historian，eng血eer，Orm鵬Iler，tedhnologyrrmmudzTK）re．TcchnologylSaLLthe

methods，m虹eriah，andsysterrBthatenable，displace，Oramp吟humanactivity．Atthelargestscale，tOCaPture

thegreatestm姐血陽teChrLOlogycinbedefinedasarwhunancreationthatprovidesacompeningadvant喝etO

COntinuetouseorlmprOVethalcreation．

‘Tedlm0logyforecastmg”isatermusedalsotode血ealotofd伽entthhgspeopledo．Muchofwhat

由以拶tおtedmologyぬreαは血g由血叩け也e血腫血gupofpro騨10虚C細iomOrS血05，m抑ytinでS仇e

蝕ICi董uthinkhgofa“蝕tl血st”．Typic叫，theacctJra町Ofsudhpredictions伽lsrapidbwithdistancehti∬蛤．

Thede五mitionusedbythosepracticlngquantitativetechnologyforecastJng持gIVenaS：thcprocessofusing

quantitativenYthods10prqJeCtintiI蛤theintersectionofhuTmneeds ndtedtnologicalcapabilities．

2．　　quand血相㈹T∝七山010gyFo陀仏S血g

2．1．　QuantihdveT∝hn010野Fo柁C鮎血書Me仏側1010歩萬

Quantitadvetechnologyforecastinghasbecnapphedsuccess叫狐rOSSabroadr竺geOftedmologies
includhgcomiC虞ions，Cnergy，m血ine，tranSpOrtdion，andm訂ⅣOtherarcas．Aquanhtativetcclm010gy

forccastw出血cllldethestudyofhistoricdalatoidcntifyOneofoTaCO血血如ionofseverdrecognizedtmiversal

technologydi飢拶ionorsubstitutiontrends．Ratesofnewteclm010gyadoptionandratesofchangeoftedhnology

Perfonn釦nCCdhBu・aCteristicstakeoncoJTmnpattemS．Thediscoveryofsudhapattemindicatesthata

fundaJTXmtaltrqjectoryorcnvelopecurvehasbeenfotndandthdreliableforecaststhencmtx！mde．These
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quantitdiveI職thodshaveprovcnaccuratehpredictingtcchnoIogychange血thousandsofapplicationsacross

teclm010gieSaSdiverseascartDrLbasedp血叩fuelstoconsun班dcctronics，OntiJTX！SCalessparLrungCenturies

OrO叫monthS・Techno10gydi瓜sionpattemsandthedrivingsocialneedscanbeidentifiedthroughstudyof
histohc，timかreferenceddaIa，丘omw鮎chtheprqiectionintizTCOfnewteclmologyadoptioncaqlbedetermined

re血b妙and血ely．
ThequantitativeforecaLStmgtedhmiquesave，tOuSethewordsofm如hem如icianandtheoristGr喝Ory

Bateson（Batcson1977）“expl肌虹OZyPrinciples”，th瓜is，their叩Plicahhtyissd五cicntforthepurposesof

e叩1血ingtCdbnologydihsionpaftcmsandforecastingt血ologyadoption．MalWreSear血ershaveattempted

tosubstant血ethecommonlyfbundpallemsthroughapPlicaIionoftJlermOd）T）amicsandotheradl・aJICedsySterrS

血00山部，tOV町ymgSuCC塔andacc印tanCein血¢丘eld．

SeveraIofthemaJVteChniquesinquantitativetecho10gyforecastingareid飽11ysuitableforprqjecting

tedmologicalchangeinmaritirrceducationzuldtraining，andaTeintroducedinmoredetadandinustratedwith
exampl飴ber8．

2．1．1．L血肉tkGmW仙Pr可∝don

For硯t耶b虚血由血統S顧慮cmtSu潤S＄hp沌蝕血喝t血010gicd血an騨When山野u艮d
exponentialmodelstoprqjectnewtechnologydiBhsion．Itwasdeemedo叫logicalthalanewtechnologywould
atfirstbesdectedbyone，thanperhapstwoothers，andthC＄ePeOpleintum，tWOOtherseadtandsonon，ina

PattCmOfexponentialgow血．UltirrLaldy，aSjn餌ynduralsystem，aJjmitorboundontotdwouldbreadled，

k嘘i喝e叫【領e訂血餅Smぎ雨to血eb由血（orsigll的id，OTS0－6dkds一曲叩dmmゆto伽ddt血010訂

di凪血on．SomeoftheearhestpublishedworksinthisregardwerebythcAmericandemograph訂RaynxIndP飽rl

andtheEnglishactuaryBeQi血Go叩rtZ．hthe1950’sand1960’S，reSearChqsintheUnitedStatessuchas

Lenz，Martho，andVanston，andothersuoudthewoddle，g．，theveryproliBcMardletti（Marchetti1977）】

柁血d也8m血血mdshowed也鉱也elo由如cmoddwas組曲00m或md払r如∝戚hgt血lo由d

ChangewithvinualbuniversalapplicadonacrosstechnoloBIeSandotherhdividualandsocialhun墨江lhhavior．

FigげelilltMestheide鵬zedlogkticcurveofteclmologyadoptionordi瓜sion．Figtqe2showsthelogiStic

grow血ofthesupertankerofm如血ne幻eetsprescntedinaformatthalrcndersthelogiSticcurve血ear．（Notethe

SCdhgofpqcent喝e）、Afurtherexaznple，Figure3，Showsthelogisticpattemofdiscovcryvoy喝eSOfthe

WestemHemisphere．（Notetheearhestvoyagcshavebeenlost舟omhistory．Figure4showsthegrow血pattem

Ofarecentcompt舶fVirtlSthatinfbctedcomputefSOnnetWOrkSWOrldwide．

し明帽t】CGr恥憤
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Figurel．IdeallogisticgrowthctJrVe（Adapted丘omM町eretd，1992）．
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FigtJre2．Lodsticgrow也ofth也supertanker（Adapted舟omModis1992）・

W廊n他職叩■tre【y如。：£11
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Figure3．LoBisticpdt訂nOfdiscov餅yVOyagCSOftheWcStemH餌由ph耶（Adapted舟omModis1992）・

†‘eJ l上北

－り、ごJLJ　～　才識■

Figtm4．LogiSticgrow血ofarecednetworkcomputerviruS（Data録omD叩IiwandHouseholdcr，2001）・
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2・1・2．Consta鵬Rak01Ch乱喝e（Pe鵬manCeEnⅥdop朗）

T血010訂血喝eOCCWS血hh如a血C狐dco叩lex町Sten芯OrhunⅦn地雨or．me伊0両hand

dihsionoftechnologyimpactsandisimpactedbytheactivhiesofbllItnnSaSindividualsandgro岬SOfvaryhg

SCde・Theadopdonofnewtechnologyreqtkesinteuectud，m如rid，Cne鱒・andoth訂re＄OtqCeStOtX，
redirected，incrcased，andotherwisemm喝edasrequiredhthe血plem，ntahonofthenewteclmology．Wh飢a

newtcchnologycomesalonghavingthesubst肌tiveconveningadvant喝eSuChthalitw山successR山ysubstittrte

fortheincu血tednology，humtendtogoaboutthedlangeOVerinandodicdw町，SeCmingレto
maintainequihbriumh也evastamyofacultu托’Sinteractingamdinterd甲瓜dentsocial，materid，皿dcconomiC

SySterrB・TheresukisthattheadoptionandchangeofsubsdttJtetCChnologiesisLhr丘Omrandomandrarely

Sud血・andusuanyfouowsチS汀旧0thtransition，aIarateeith訂COnSCiolゆOrtmCOnSCiou卸m血tainedtythe
fbrcesfbrequiJibriuminsociety・ForecasterscdJthesequentialperforTTNCeleveIsofadoptcdtedhnoJoBythat

fonowdonganidentifiabbctJrVeaPedbTmanαChwacterisdcαr147，andsarChforitstentdeshapehthe

histoJyandprqjectionofatedlm010gicalarea，Figtdre5showsancxaqleoftheperfomLanCCdbacteristicctm
fortransistordczBhyonamicroprocessorchip，thepopdaT‘Moore’sLaw’’．Figtm6showstheperfomance

envelopeofindustrialenergysubstitution，POintingtothefuelcdlasthenextle濾ingenergyconversion

tedmolo紗．
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Figure5．Moore’sLaw－PerforrrwceenvelopeofmicrochiptransistordensityPata丘omIntelCorp・

2001）
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Figure6．PcrfonmnCeenVdopeofhdustrialenerwconversiontechnoloBy（Adapted丘omAusdbeland

M訂Che吼1997）．
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2．1．3．L由S血Subsdhdon
Tbetransition＆omonetedhnologyorperfonm孔nCeleveltothenexHendstofollowaneaI，mm喝ed

p鵬em∴hthe1960’S，FishermdPⅣ（F血eImdPヴ1971）叫Zdhm血曲oft血nolo由血餌b或正utions血
historyanddevisedamethOdtographthesubstitutionpattemsinlin翰rfhshion，thusgivingusthepopularb，

appliedFisher・Pryprqiectionoftechnologysubstitution．Figure7illtJStrateSthetypicallogisticstIbstittAion

pattem．Studieshaveshownthisremarkd）leloglSticsubstitutionpaftemintechnologiesasdiverseasthe

SubstitutionofautomobilesforhorsesinperSOnaltravdandthesubstitutionoflatexforoilbasedpaints・lnthe

m血industry，P血Ii血edreportsshowthelogisticsubstitutionofmotor－OVer・Steim－OVer－Sail血ship
propubiontedhnology（SeeFigwe8），aZd，withpossibleinq）licationsfortheJnaritinveducaIionandtminjng，the

Subsdtutionofsimulatorsforreal－timeflightexperienceinaviationtr由血喝．

Logミ随Suお！托uミCq

1　　　　　　　　　　　　　　　　　　　　　ノ

Figure7．Typicdlogistictechnologysubstitution（Fisher－Prydisplay）．
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FigtJrC8．SubstitutionofUSmaritil職prOpulsiontechnology（Adapted倉omModis1992）．

2．1．4．P耽uI甘Or（L助d－La由GnⅣthTr再edodt§

TheimplementdionoradoptionofatedhnologyhaSbwshoⅥltOVarylogisticdJy．Whenone

technologyisdependentonorotherwisedosdyrelatedtoapreviousdevelopment，thetwotr喝eCtOries訂e

usudblinkedinasteadylead－1喝relationship（SeFigure9）．Studieshaveshownthattheworldwidediscoveryof

PetrOleumrcsourccsh鮎ledtheproductionofo濾bya血edperiodof血陀OVermmydecades．Studicsbve
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Showndsothatthedi鮎ioninUSAhdustryofnetworkeddesktop匹rSOnalcorrq）uterSfol10Wedthcsarneshape

lo伊StlCt呵edoⅣ鮎血叩reCu帽Ort血010訂，St肌d－donePCs．

TypitdT∝hnol咽Pn鷺uSrOr触1‘鵬〇m5Mp

Time

Figt∬e9．Constantlead－1喝loBISticTel虹ionship．

2．1．5．An仙mp010承知hvadants
hthegrandhistoryofdleprOgrCSSionoftcchnologicdchange，OneOfthestri血唱reSultsisevidenceof

theinvarianceofhumantN，haviorinTnaZWareaS．Whiletedhnologieso蝕rm訂Ⅳandperhaps血itevarietyOf
howtogetthingsdone，thetl血唱Shumdowanttogetdone，gCneralhhaveremainedthesan拇forhundreds

md血ousm由，p血鱒m血onsory儲汀S．Fol甜plち廿avdandcommuniu止ionp誠ten巡，deがddbhoad

averasesofcomm血喝Orforagngtimes，OrinnumikrSOfhtJLnaJl既dhanges，havebcmshowntObeconstaztt

acrosstizT把andcubuTCS．¶le血opologicdbcnefitshapplicationsoftcclm010gleSCanbevicwedasartiLhctsof
tmchanginghunantnhavioralprefrences．Asanexanvle，FigurelOshowsthemoreorlesscorLStantaCCepted
（叫by血pIication，engineeredanddesigned）riskofdeathbTautOrrDb止eintheUnitedStatesoverneaTban
飢tire叫．

lulO軸Ihikl・飢絹tk■hrtト．1
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Figure10．Riskofhavinga蝕血automobdeaccidentintheUS（AdaptedbmMarchetti1994）・

3．TheCenterhrTe血n010野FoI℃亡舶血gatML血eMa痛点meAはdemy

3．1Mi＄SionoI仙eC倒l鵬r伽rTbdm010野F01℃亡舶伽g
TbemissionoftheCenterforTedlm0logyForecastingistoadvanCetheartandscienceoftedhnology

forecastin＆PerforQtechnologyforecastsin血timeandothertechnologiestosuppor（theIearnhgoutcomes
Ofstdents，thedecislOn－nnkhg血tivenessofindtJStTy，gOVerrLZrNmt，andotherinstit血ionlead併S，andthe

enljghtened皿derst弧血gofhummprOgreSSforthe21dcezdury町TheCenteristdcrtakhgprimary幡earChin
dV血訂¢鮎Of野StemmOddhg，tkouか也∞出田ば00mpl駄抑Ne野飢elm，飢Ol班bna町野或純，也eod彷
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OfswaTmb血viowc・，thatshowpromiseofextendingourundcrstand軸Oftechnologychangeand血蝕sion・
TheCenterishterestedinperforrrmgbothbroadandnmwstudiesofte血010gydhangeinthemaritirne

hd叫mdm訂正ime血以血onandtr血ing・

3．2．　P叩j∝血gMad血meEdu∽鰯OnandTmin山喜丁恍h皿010訂N00ds
lhesampletechnologyfbrecastsglVeninthispaperpointtonewwaystounderstandthe血ttmneedsof

thCmitimemiversity．TablellistssuggcStCdteclm01ogyforecastswithrethencestothCforecastsaq）les
abovetoilIustratetheadvantagcsandpossibleoutcorrLeSOftheforccastsinthe餌u帽OfMET．TheC4TFis

lookhgforconabor鵬onamdsupportintheseandsizrdarareasofinquLry．

h quiIY Fom C郎tTk hnique（S封npk） A pp臨t如ion in M ET
H ow quickb wi Jlanew m aritim e b 由如cCllⅣ¢げi騨∬鴇1－4） T血喝the adoption ornew
ted mologyb adopted？ tr血 Ig Curdcl血m ned s
Isol∬lab q u pm 餌tObsold e？ Sub或立山ion （Fig町田7－8）初山 T血喝狐dm u嘘Oflab

Precw sor（下血∬e9） hvestm e山deckions
C an Ireduce staJr and o飽血gsm Sub如M ion （Figu帽S7－＄） T血鴫 Ofcourseand cum culum
Cert由n degreeprogram s？ Cbange
Should w e investin new educd ion Logi SticC tJrVe（Figures IL4）and Timi ng and investrnentin
t血 0logy？ Sub或止血ion（F短Ⅷ陀S7－8） d uc叡ion teCbnolo幻r
W 旭 k the h危叩 血 曙OrOW m ecu30r（FigW e 9）and T血ng 肌d inv飴tm飢tb
PC netw orkhardw are？ Pe血nm nceEnvd ope（Figu∬e 5） ted m ology in丘おtruCtW e
Areth e technology topICSin this Lo由血cCurve（n gur餌ト4）弧d Optimi zeeducation value fo r
t∝血豆d te幻b ok approp血 e？ Sub t抽此ion（F短l∬eS7－S） Stude鵬S
Wh aIw山be th etypicalcrew size Logi sticC lrVe（Figuresト4）and AppropriaIebTSized trainin gtearrE
h 也e触w e？ Inv血antS（FigW e lO）
Is也ere acu或Om 一廿血血g Lo由血ccⅦn e（FigW 鵡1－4）弧d Success魚IlhvestH把nt血n馴Ⅳ
OppOrttmi ty fo rth e fu turepleastJre S血 iM ion（F短W eS7－8）弧d Cuh cd um o飴血gs
C血se industⅣ？ P訂b nl鳩nCeEnvelope（Figure5）

Tablel．SuggestedtechnologyforecastsformitirrH！tmiVersityplNming

4．　　Te血n010癖CdCh曲ng飴伽rM二鵬伽eUniv倒指ityh浪de帽hip

4．1．　K町A托鮎OrT∝hnoh野ChmgehMET

Thegeneralaccderateddi鮎ionoftedhnologychangeinm）StSOCictiesoverthelastscvcraJdecades，

andcontinuingtoday・POSeSSedouschanengestotheMaritizTWtmivTSityやministrationandacademicleaders・
TheareasoftedhnologyofmostsigniBcancetothemitimeeducdlOnandtraining訂efoundinthreearenas：

m血，perSOnd，andeducdiontechnologies．Theresponse，OrpreLbrabb，thestr卸喝icplantomeetthese
dhanengestakestheforn芯equivalenttoproduction，m訂keting，andnewproductdevelopment．

Terrestridtechnology血叫gehasahistoryofinevit鵬lytransiti喝tOS乱Thatistosay，advanccsin

landtmnsporEation，COmm皿ications，andothcrtcchno10gies，危nd血如wayaboardshiponceprovensu伍cien叫

rehableanddcemdseawo叫with血therisksandboundsofTnaritimes坤．Maritimeeducalionandtrahing
mustbeclqrentwithm血ind叫teClmoIogyskillsreqtdrezrh5ntS．PerSOnaltechnoloBy，丘omwireless
COnm血C鵬ond飢元虜tOp血opo昭狙加，由血喝如g血edassmom（皿dextrかClas釘pOm）】邸血g

expectationsandstudyhabitsofnewstudcnts．Educationteclmology，SuChasadvancedturbinesimulators，

asynchronotJSdistanCeleamngteChnology，aLSW劇astailoredacademicsupportsysteI鴨foraccow血喝，

admissions，etC．，isadvancingininstaJJahons，COmPlexity，andofcotuTSe，COSt．

4．2．　Mee伽gtheChanengesoITethn010gyCha喝ewithTecbJI010gyForKJLSthg
nem如血野血Ⅴ訂S和田碓¢血Ⅶ血涙錐btr鉱e血e血かガやt画OdoげOf劇山田etedmologies，お山町

W山impactthefutureoperalionandsu∝eSSOftheschool．Ushganalogies舟omindustry，thqearethreeareas

WheretechnologydLangeW山iq）atSdhooldecision一m血喝：PrOdudon，lWkcthB，mdproductdcvelopm餌t．
Tbecxecutiveshouldask，forexan甲Ie：WhenwinIneedtotnakeinvestm餌tS血Ⅰ町CurriCulumtO

includctr血i喝inancwtechnologytmdcrgoi喝adoptioninindustry（SuChas，Say，fuelcellpowerpLants）？A

teclmologyforecastwi11血owthe10gistlCgrOW血ofthetechnologyandindicaIeWhenandtowh瓜degreethe

technologyisbei喝Orwillbeutnizedinthen鳩rketplace．Further，ahistoricperspectivegained＆omprecwsor
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rel血onshipsofcurriculumadoptionversusindustryadoptionw山tenthecxecutivewh飢tObcghtrainhgina

newteclm01ogy，Verylikelyaheadoもandbderabletohelpdefine，neWeducationandtr血i喝Standards．

Havingtheteac独唱（吋businessanalogy，“prOduction”）rcsourcesinplaceinatiI職吋hshionw山

PrOvidethecompe血ivc，relevantcoursecont飢tthatattractsnewstudents（the‘lwkcting”paranelinbusincSS）．

Finally，thenewgraduahgcadet，byanaloBythe’broduct’’oftheschool，tTajned血skinsnottoo伽inadvance

Ofthetcchnologyadoptionsoastobcunusable，nOrtOO血rbdhjndsoastobeobsolete，is加erpreparedto
SerVeSOCietyOrtOaddvalueforthecustoI職r’sofhisorhercozq）aqy’sbus血eSS．AlIthesepositiveresuksforthe

m血血Ⅴ耶卸町e柁fkdedh血erep血ionor血e血Ⅴ耶吋1edershp．

4．3．　E五匹nmeeatM血eM糾i血eAtatkmy

4．3．1．El∝什itM紙hh倒Labomt○け

Prqiectionsoftechnologyd叩geWeretJSedinaIleasttwostrat¢由CdecisionsregaTdingcurricuhm

PINnhBalMMA．Adecisionwasndetordocatetheelectncpowerlaboratorytom止eroomforrr旧re

ClaSSrOOrrBinoneofthec叩uSaCademicbd1dings．Someconsiderationwas由V軌at血sttoreducetheoveran

Sizeofthelaboratorytyehminatingfl00rSpaCenOtutilizedintheorighallabroom However，argtJrrN，ntS

prcsentedshowlngtrendsinmitimepropdsiontowafdgreatertmofdectricratherthansteamennrgy，Sudhas
theUSNavy’S“au－elec血cship”stralegy，theco鵬hueddiBhsionofsolidst鉱edrivetedhnologies，肌dthehi曲

distributedpoweronboardcrujsevcSSels，ledtoadecisionforahrgerelectncpowerlabora10Jy．

4．3．2．　FudCdlPowerPlantRe金側Iでh

AnopponunityarOSe血ereMMAcoddpartnerwithUSgovemmentagcncies，ak町USshdbuilder，
andothereducationhstitutionstoexploretheadoptionoffuelcellpowerphnttechnolo訂fortK）thte汀eStrial

POWergenerdionandship’spower・Theperfom禦CeCnVelope（Figtm6）of飢ergyCOでV耶ion，StretC触g？Ver
threecenturiesandforecasthgfuelceJJtechnologleStOleadtheenergyconversion，WaSJnStnm鳩ntalhsecurng

Acaderryapprovalstoparticipaieinthemuki－miniondoarreearChproposal．

5．　　S鵬t曙iCEdum鰯onTe血n010野Phnnhg

PartⅠIofthisscricsofp叩erSOnMaritiI据UniversityCurricdtmamdTechnologyPIHmingLbrthe

21dc叫（S恍Wdk2001）pTO繭S押迫6匹0血∬骸tO血det血lo訂br血ghaGOmpT曲感血ve
StrategictechnoloByplamingprogramforthenhmiversity．

6．　　　Condusion

qu皿比叡ivetedmolo野馳r∝心血gh舶ar印血k濾kr∝Odhp代血dhg血ge血t血ob由d

performmceandthe血血geuldadoptionofnewtechnology．VariouStedhmiquesoftedhnologylbrecastingcan

betJSedtoandyzetr ectoricsoftechn010gieshfluenchgthem訂itin℃andeducdonindl格triestoi汀prOVe

maritinTuniversity urriCulumandt血10logyplamingforthe21戒century・
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